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Relic Abundance 

• In the early Universe, at high temperature                     massive and energetic 
particles were created and existed               in thermal equilibrium                       
where 

• Expansion of the universe diluted the interaction rate ( )=> density of heavier 
particles became too low 

• Particle density freezes out =>constant number density
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WIMP relic abundance

• Distribution factor                                                 where  

• Number density 

• For non-relativistic cold DM                                   
=>The equilibrium term is exponentially suppressed  

• Boltzmann transport equation  

• Approximate solution of Boltzmann equation is given by                                           

• From WMAP,  difference of matter and baryon density                                          

• Annihilation cross-section roughly=> 

• Weak scale 

f(p) =
1

e(E�µ)/T ± 1
<latexit sha1_base64="fGzOH9Jz6Xcd5Wt3h+1CGuddbH4=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C+uMCLoRiiK4rNAXdMaSSTNtaJIZkoxQhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40eMKm3b31ZuaXlldS2/XtjY3NreKe7utVQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R9cTv/1ApKKhaOhxRDyOBoIGFCNtpF6xFJSjCryEbiARTpw0IfdJ+ebY5XHlpJG6EYdOalJ21Z4CLhInIyWQod4rfrn9EMecCI0ZUqrr2JH2EiQ1xYykBTdWJEJ4hAaka6hAnCgvmR6TwiOj9GEQSvOEhlP190SCuFJj7pskR3qo5r2J+J/XjXVw4SVURLEmAs8WBTGDOoSTZmCfSoI1GxuCsKTmrxAPkalFm/4KpgRn/uRF0jqtOnbVuTsr1a6yOvLgAByCMnDAOaiBW1AHTYDBI3gGr+DNerJerHfrYxbNWdnMPvgD6/MHzHuZjw==</latexit><latexit sha1_base64="fGzOH9Jz6Xcd5Wt3h+1CGuddbH4=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C+uMCLoRiiK4rNAXdMaSSTNtaJIZkoxQhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40eMKm3b31ZuaXlldS2/XtjY3NreKe7utVQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R9cTv/1ApKKhaOhxRDyOBoIGFCNtpF6xFJSjCryEbiARTpw0IfdJ+ebY5XHlpJG6EYdOalJ21Z4CLhInIyWQod4rfrn9EMecCI0ZUqrr2JH2EiQ1xYykBTdWJEJ4hAaka6hAnCgvmR6TwiOj9GEQSvOEhlP190SCuFJj7pskR3qo5r2J+J/XjXVw4SVURLEmAs8WBTGDOoSTZmCfSoI1GxuCsKTmrxAPkalFm/4KpgRn/uRF0jqtOnbVuTsr1a6yOvLgAByCMnDAOaiBW1AHTYDBI3gGr+DNerJerHfrYxbNWdnMPvgD6/MHzHuZjw==</latexit><latexit sha1_base64="fGzOH9Jz6Xcd5Wt3h+1CGuddbH4=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C+uMCLoRiiK4rNAXdMaSSTNtaJIZkoxQhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40eMKm3b31ZuaXlldS2/XtjY3NreKe7utVQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R9cTv/1ApKKhaOhxRDyOBoIGFCNtpF6xFJSjCryEbiARTpw0IfdJ+ebY5XHlpJG6EYdOalJ21Z4CLhInIyWQod4rfrn9EMecCI0ZUqrr2JH2EiQ1xYykBTdWJEJ4hAaka6hAnCgvmR6TwiOj9GEQSvOEhlP190SCuFJj7pskR3qo5r2J+J/XjXVw4SVURLEmAs8WBTGDOoSTZmCfSoI1GxuCsKTmrxAPkalFm/4KpgRn/uRF0jqtOnbVuTsr1a6yOvLgAByCMnDAOaiBW1AHTYDBI3gGr+DNerJerHfrYxbNWdnMPvgD6/MHzHuZjw==</latexit><latexit sha1_base64="fGzOH9Jz6Xcd5Wt3h+1CGuddbH4=">AAACDHicbVDLSgMxFM3UV62vqks3wSK0C+uMCLoRiiK4rNAXdMaSSTNtaJIZkoxQhvkAN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzc40eMKm3b31ZuaXlldS2/XtjY3NreKe7utVQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2R9cTv/1ApKKhaOhxRDyOBoIGFCNtpF6xFJSjCryEbiARTpw0IfdJ+ebY5XHlpJG6EYdOalJ21Z4CLhInIyWQod4rfrn9EMecCI0ZUqrr2JH2EiQ1xYykBTdWJEJ4hAaka6hAnCgvmR6TwiOj9GEQSvOEhlP190SCuFJj7pskR3qo5r2J+J/XjXVw4SVURLEmAs8WBTGDOoSTZmCfSoI1GxuCsKTmrxAPkalFm/4KpgRn/uRF0jqtOnbVuTsr1a6yOvLgAByCMnDAOaiBW1AHTYDBI3gGr+DNerJerHfrYxbNWdnMPvgD6/MHzHuZjw==</latexit>

E =
p

m2 + p2
<latexit sha1_base64="bvM1CL69kaGjeXNuCg/Zbd7kBE4=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQhLJbBL0IRRE8VrAf0G5LNk3b0CS7JtlCWfpPvHhQxKv/xJv/xrTdg7Y+GHi8N8PMvDDmTBvP+3ZWVtfWNzZzW/ntnd29fffgsKajRBFaJRGPVCPEmnImadUww2kjVhSLkNN6OLyd+vURVZpF8tGMYxoI3Jesxwg2Vuq47t11Sz8pk4p26TxulyYdt+AVvRnQMvEzUoAMlY771epGJBFUGsKx1k3fi02QYmUY4XSSbyWaxpgMcZ82LZVYUB2ks8sn6NQqXdSLlC1p0Ez9PZFiofVYhLZTYDPQi95U/M9rJqZ3FaRMxomhkswX9RKOTISmMaAuU5QYPrYEE8XsrYgMsMLE2LDyNgR/8eVlUisVfa/oP1wUyjdZHDk4hhM4Ax8uoQz3UIEqEBjBM7zCm5M6L8678zFvXXGymSP4A+fzB8HfkxM=</latexit><latexit sha1_base64="bvM1CL69kaGjeXNuCg/Zbd7kBE4=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQhLJbBL0IRRE8VrAf0G5LNk3b0CS7JtlCWfpPvHhQxKv/xJv/xrTdg7Y+GHi8N8PMvDDmTBvP+3ZWVtfWNzZzW/ntnd29fffgsKajRBFaJRGPVCPEmnImadUww2kjVhSLkNN6OLyd+vURVZpF8tGMYxoI3Jesxwg2Vuq47t11Sz8pk4p26TxulyYdt+AVvRnQMvEzUoAMlY771epGJBFUGsKx1k3fi02QYmUY4XSSbyWaxpgMcZ82LZVYUB2ks8sn6NQqXdSLlC1p0Ez9PZFiofVYhLZTYDPQi95U/M9rJqZ3FaRMxomhkswX9RKOTISmMaAuU5QYPrYEE8XsrYgMsMLE2LDyNgR/8eVlUisVfa/oP1wUyjdZHDk4hhM4Ax8uoQz3UIEqEBjBM7zCm5M6L8678zFvXXGymSP4A+fzB8HfkxM=</latexit><latexit sha1_base64="bvM1CL69kaGjeXNuCg/Zbd7kBE4=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQhLJbBL0IRRE8VrAf0G5LNk3b0CS7JtlCWfpPvHhQxKv/xJv/xrTdg7Y+GHi8N8PMvDDmTBvP+3ZWVtfWNzZzW/ntnd29fffgsKajRBFaJRGPVCPEmnImadUww2kjVhSLkNN6OLyd+vURVZpF8tGMYxoI3Jesxwg2Vuq47t11Sz8pk4p26TxulyYdt+AVvRnQMvEzUoAMlY771epGJBFUGsKx1k3fi02QYmUY4XSSbyWaxpgMcZ82LZVYUB2ks8sn6NQqXdSLlC1p0Ez9PZFiofVYhLZTYDPQi95U/M9rJqZ3FaRMxomhkswX9RKOTISmMaAuU5QYPrYEE8XsrYgMsMLE2LDyNgR/8eVlUisVfa/oP1wUyjdZHDk4hhM4Ax8uoQz3UIEqEBjBM7zCm5M6L8678zFvXXGymSP4A+fzB8HfkxM=</latexit><latexit sha1_base64="bvM1CL69kaGjeXNuCg/Zbd7kBE4=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQhLJbBL0IRRE8VrAf0G5LNk3b0CS7JtlCWfpPvHhQxKv/xJv/xrTdg7Y+GHi8N8PMvDDmTBvP+3ZWVtfWNzZzW/ntnd29fffgsKajRBFaJRGPVCPEmnImadUww2kjVhSLkNN6OLyd+vURVZpF8tGMYxoI3Jesxwg2Vuq47t11Sz8pk4p26TxulyYdt+AVvRnQMvEzUoAMlY771epGJBFUGsKx1k3fi02QYmUY4XSSbyWaxpgMcZ82LZVYUB2ks8sn6NQqXdSLlC1p0Ez9PZFiofVYhLZTYDPQi95U/M9rJqZ3FaRMxomhkswX9RKOTISmMaAuU5QYPrYEE8XsrYgMsMLE2LDyNgR/8eVlUisVfa/oP1wUyjdZHDk4hhM4Ax8uoQz3UIEqEBjBM7zCm5M6L8678zFvXXGymSP4A+fzB8HfkxM=</latexit>

n =
g

(2⇡)3

Z
f(p)d3p

<latexit sha1_base64="LosMhOA80Zd5AJaZZHnkBgtIW7k=">AAACCnicbVDLSsNAFJ34rPUVdekmWoR2U5JW0I1QdOOygn1Ak5bJZNIOnUyGmYlQQtZu/BU3LhRx6xe482+ctllo64ELh3Pu5d57fE6JVLb9baysrq1vbBa2its7u3v75sFhW8aJQLiFYhqLrg8lpoThliKK4i4XGEY+xR1/fDP1Ow9YSBKzezXh2IvgkJGQIKi0NDBP2JUbCojSYZaWay4nlX49cwlTVljmlaBf5wOzZFftGaxl4uSkBHI0B+aXG8QoiTBTiEIpe47NlZdCoQiiOCu6icQcojEc4p6mDEZYeunslcw600pghbHQpY+Yqb8nUhhJOYl83RlBNZKL3lT8z+slKrz0UsJ4ojBD80VhQi0VW9NcrIAIjBSdaAKRIPpWC42gTkbp9Io6BGfx5WXSrlUdu+rcnZca13kcBXAMTkEZOOACNMAtaIIWQOARPINX8GY8GS/Gu/Exb10x8pkj8AfG5w+b7ZmL</latexit><latexit sha1_base64="LosMhOA80Zd5AJaZZHnkBgtIW7k=">AAACCnicbVDLSsNAFJ34rPUVdekmWoR2U5JW0I1QdOOygn1Ak5bJZNIOnUyGmYlQQtZu/BU3LhRx6xe482+ctllo64ELh3Pu5d57fE6JVLb9baysrq1vbBa2its7u3v75sFhW8aJQLiFYhqLrg8lpoThliKK4i4XGEY+xR1/fDP1Ow9YSBKzezXh2IvgkJGQIKi0NDBP2JUbCojSYZaWay4nlX49cwlTVljmlaBf5wOzZFftGaxl4uSkBHI0B+aXG8QoiTBTiEIpe47NlZdCoQiiOCu6icQcojEc4p6mDEZYeunslcw600pghbHQpY+Yqb8nUhhJOYl83RlBNZKL3lT8z+slKrz0UsJ4ojBD80VhQi0VW9NcrIAIjBSdaAKRIPpWC42gTkbp9Io6BGfx5WXSrlUdu+rcnZca13kcBXAMTkEZOOACNMAtaIIWQOARPINX8GY8GS/Gu/Exb10x8pkj8AfG5w+b7ZmL</latexit><latexit sha1_base64="LosMhOA80Zd5AJaZZHnkBgtIW7k=">AAACCnicbVDLSsNAFJ34rPUVdekmWoR2U5JW0I1QdOOygn1Ak5bJZNIOnUyGmYlQQtZu/BU3LhRx6xe482+ctllo64ELh3Pu5d57fE6JVLb9baysrq1vbBa2its7u3v75sFhW8aJQLiFYhqLrg8lpoThliKK4i4XGEY+xR1/fDP1Ow9YSBKzezXh2IvgkJGQIKi0NDBP2JUbCojSYZaWay4nlX49cwlTVljmlaBf5wOzZFftGaxl4uSkBHI0B+aXG8QoiTBTiEIpe47NlZdCoQiiOCu6icQcojEc4p6mDEZYeunslcw600pghbHQpY+Yqb8nUhhJOYl83RlBNZKL3lT8z+slKrz0UsJ4ojBD80VhQi0VW9NcrIAIjBSdaAKRIPpWC42gTkbp9Io6BGfx5WXSrlUdu+rcnZca13kcBXAMTkEZOOACNMAtaIIWQOARPINX8GY8GS/Gu/Exb10x8pkj8AfG5w+b7ZmL</latexit><latexit sha1_base64="LosMhOA80Zd5AJaZZHnkBgtIW7k=">AAACCnicbVDLSsNAFJ34rPUVdekmWoR2U5JW0I1QdOOygn1Ak5bJZNIOnUyGmYlQQtZu/BU3LhRx6xe482+ctllo64ELh3Pu5d57fE6JVLb9baysrq1vbBa2its7u3v75sFhW8aJQLiFYhqLrg8lpoThliKK4i4XGEY+xR1/fDP1Ow9YSBKzezXh2IvgkJGQIKi0NDBP2JUbCojSYZaWay4nlX49cwlTVljmlaBf5wOzZFftGaxl4uSkBHI0B+aXG8QoiTBTiEIpe47NlZdCoQiiOCu6icQcojEc4p6mDEZYeunslcw600pghbHQpY+Yqb8nUhhJOYl83RlBNZKL3lT8z+slKrz0UsJ4ojBD80VhQi0VW9NcrIAIjBSdaAKRIPpWC42gTkbp9Io6BGfx5WXSrlUdu+rcnZca13kcBXAMTkEZOOACNMAtaIIWQOARPINX8GY8GS/Gu/Exb10x8pkj8AfG5w+b7ZmL</latexit>

n = g

✓
mT

2⇡

◆3/2

e�m/T

<latexit sha1_base64="ijVtlGgWl4riJ8APU7/QSGGWKQc=">AAACGHicbVA9SwNBEN3z2/gVtbRZDIIWJndR0EYQbSwVEhVyMext5pLF3b1jd04Ix/0MG/+KjYUitnb+GzcxhV8PBh7vzTAzL0qlsOj7H97E5NT0zOzcfGlhcWl5pby6dmmTzHBo8kQm5jpiFqTQ0ESBEq5TA0xFEq6i29Ohf3UHxopEN3CQQluxnhax4Ayd1CnX9FGPhhJi3A5jw3iuGkVeD1NRhEb0+rhzk+/V6gWFm3xX1RpFp1zxq/4I9C8JxqRCxjjvlN/DbsIzBRq5ZNa2Aj/Fds4MCi6hKIWZhZTxW9aDlqOaKbDtfPRYQbec0qVxYlxppCP1+0TOlLUDFblOxbBvf3tD8T+vlWF82M6FTjMEzb8WxZmkmNBhSrQrDHCUA0cYN8LdSnmfuXzQZVlyIQS/X/5LLuvVwK8GF/uV45NxHHNkg2ySbRKQA3JMzsg5aRJO7skjeSYv3oP35L16b1+tE954Zp38gPf+CZjNn3c=</latexit><latexit sha1_base64="ijVtlGgWl4riJ8APU7/QSGGWKQc=">AAACGHicbVA9SwNBEN3z2/gVtbRZDIIWJndR0EYQbSwVEhVyMext5pLF3b1jd04Ix/0MG/+KjYUitnb+GzcxhV8PBh7vzTAzL0qlsOj7H97E5NT0zOzcfGlhcWl5pby6dmmTzHBo8kQm5jpiFqTQ0ESBEq5TA0xFEq6i29Ohf3UHxopEN3CQQluxnhax4Ayd1CnX9FGPhhJi3A5jw3iuGkVeD1NRhEb0+rhzk+/V6gWFm3xX1RpFp1zxq/4I9C8JxqRCxjjvlN/DbsIzBRq5ZNa2Aj/Fds4MCi6hKIWZhZTxW9aDlqOaKbDtfPRYQbec0qVxYlxppCP1+0TOlLUDFblOxbBvf3tD8T+vlWF82M6FTjMEzb8WxZmkmNBhSrQrDHCUA0cYN8LdSnmfuXzQZVlyIQS/X/5LLuvVwK8GF/uV45NxHHNkg2ySbRKQA3JMzsg5aRJO7skjeSYv3oP35L16b1+tE954Zp38gPf+CZjNn3c=</latexit><latexit sha1_base64="ijVtlGgWl4riJ8APU7/QSGGWKQc=">AAACGHicbVA9SwNBEN3z2/gVtbRZDIIWJndR0EYQbSwVEhVyMext5pLF3b1jd04Ix/0MG/+KjYUitnb+GzcxhV8PBh7vzTAzL0qlsOj7H97E5NT0zOzcfGlhcWl5pby6dmmTzHBo8kQm5jpiFqTQ0ESBEq5TA0xFEq6i29Ohf3UHxopEN3CQQluxnhax4Ayd1CnX9FGPhhJi3A5jw3iuGkVeD1NRhEb0+rhzk+/V6gWFm3xX1RpFp1zxq/4I9C8JxqRCxjjvlN/DbsIzBRq5ZNa2Aj/Fds4MCi6hKIWZhZTxW9aDlqOaKbDtfPRYQbec0qVxYlxppCP1+0TOlLUDFblOxbBvf3tD8T+vlWF82M6FTjMEzb8WxZmkmNBhSrQrDHCUA0cYN8LdSnmfuXzQZVlyIQS/X/5LLuvVwK8GF/uV45NxHHNkg2ySbRKQA3JMzsg5aRJO7skjeSYv3oP35L16b1+tE954Zp38gPf+CZjNn3c=</latexit><latexit sha1_base64="ijVtlGgWl4riJ8APU7/QSGGWKQc=">AAACGHicbVA9SwNBEN3z2/gVtbRZDIIWJndR0EYQbSwVEhVyMext5pLF3b1jd04Ix/0MG/+KjYUitnb+GzcxhV8PBh7vzTAzL0qlsOj7H97E5NT0zOzcfGlhcWl5pby6dmmTzHBo8kQm5jpiFqTQ0ESBEq5TA0xFEq6i29Ohf3UHxopEN3CQQluxnhax4Ayd1CnX9FGPhhJi3A5jw3iuGkVeD1NRhEb0+rhzk+/V6gWFm3xX1RpFp1zxq/4I9C8JxqRCxjjvlN/DbsIzBRq5ZNa2Aj/Fds4MCi6hKIWZhZTxW9aDlqOaKbDtfPRYQbec0qVxYlxppCP1+0TOlLUDFblOxbBvf3tD8T+vlWF82M6FTjMEzb8WxZmkmNBhSrQrDHCUA0cYN8LdSnmfuXzQZVlyIQS/X/5LLuvVwK8GF/uV45NxHHNkg2ySbRKQA3JMzsg5aRJO7skjeSYv3oP35L16b1+tE954Zp38gPf+CZjNn3c=</latexit>

⌦�h
2 = 0.11425± 0.00311

<latexit sha1_base64="3acImX7UuXDDQNKHuPGmuaV8/oQ=">AAACD3icbZDLSgMxFIYzXmu9VV26CRbFVZnUim6Eoht3VrAX6NSSSTNtaJIZkoxQhr6BG1/FjQtF3Lp159uYaWehrT8EPv5zDifn9yPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzsNnQYK0LrJOShavlYU84krRtmOG1FimLhc9r0h1dpvflAlWahvDOjiHYE7ksWMIKNtbqFI+9G0D7uJh4ZsDEc3JfhhVtCqFI+hV4koFty3ROEuoViSqngPKAMiiBTrVv48nohiQWVhnCsdRu5kekkWBlGOB3nvVjTCJMh7tO2RYkF1Z1kcs8YHlqnB4NQ2ScNnLi/JxIstB4J33YKbAZ6tpaa/9XasQnOOwmTUWyoJNNFQcyhCWEaDuwxRYnhIwuYKGb/CskAK0yMjTBvQ0CzJ89Do1xCNsHbSrF6mcWRA/vgABwDBM5AFVyDGqgDAh7BM3gFb86T8+K8Ox/T1gUnm9kDf+R8/gBBf5jv</latexit><latexit sha1_base64="3acImX7UuXDDQNKHuPGmuaV8/oQ=">AAACD3icbZDLSgMxFIYzXmu9VV26CRbFVZnUim6Eoht3VrAX6NSSSTNtaJIZkoxQhr6BG1/FjQtF3Lp159uYaWehrT8EPv5zDifn9yPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzsNnQYK0LrJOShavlYU84krRtmOG1FimLhc9r0h1dpvflAlWahvDOjiHYE7ksWMIKNtbqFI+9G0D7uJh4ZsDEc3JfhhVtCqFI+hV4koFty3ROEuoViSqngPKAMiiBTrVv48nohiQWVhnCsdRu5kekkWBlGOB3nvVjTCJMh7tO2RYkF1Z1kcs8YHlqnB4NQ2ScNnLi/JxIstB4J33YKbAZ6tpaa/9XasQnOOwmTUWyoJNNFQcyhCWEaDuwxRYnhIwuYKGb/CskAK0yMjTBvQ0CzJ89Do1xCNsHbSrF6mcWRA/vgABwDBM5AFVyDGqgDAh7BM3gFb86T8+K8Ox/T1gUnm9kDf+R8/gBBf5jv</latexit><latexit sha1_base64="3acImX7UuXDDQNKHuPGmuaV8/oQ=">AAACD3icbZDLSgMxFIYzXmu9VV26CRbFVZnUim6Eoht3VrAX6NSSSTNtaJIZkoxQhr6BG1/FjQtF3Lp159uYaWehrT8EPv5zDifn9yPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzsNnQYK0LrJOShavlYU84krRtmOG1FimLhc9r0h1dpvflAlWahvDOjiHYE7ksWMIKNtbqFI+9G0D7uJh4ZsDEc3JfhhVtCqFI+hV4koFty3ROEuoViSqngPKAMiiBTrVv48nohiQWVhnCsdRu5kekkWBlGOB3nvVjTCJMh7tO2RYkF1Z1kcs8YHlqnB4NQ2ScNnLi/JxIstB4J33YKbAZ6tpaa/9XasQnOOwmTUWyoJNNFQcyhCWEaDuwxRYnhIwuYKGb/CskAK0yMjTBvQ0CzJ89Do1xCNsHbSrF6mcWRA/vgABwDBM5AFVyDGqgDAh7BM3gFb86T8+K8Ox/T1gUnm9kDf+R8/gBBf5jv</latexit><latexit sha1_base64="3acImX7UuXDDQNKHuPGmuaV8/oQ=">AAACD3icbZDLSgMxFIYzXmu9VV26CRbFVZnUim6Eoht3VrAX6NSSSTNtaJIZkoxQhr6BG1/FjQtF3Lp159uYaWehrT8EPv5zDifn9yPOtHHdb2dhcWl5ZTW3ll/f2NzaLuzsNnQYK0LrJOShavlYU84krRtmOG1FimLhc9r0h1dpvflAlWahvDOjiHYE7ksWMIKNtbqFI+9G0D7uJh4ZsDEc3JfhhVtCqFI+hV4koFty3ROEuoViSqngPKAMiiBTrVv48nohiQWVhnCsdRu5kekkWBlGOB3nvVjTCJMh7tO2RYkF1Z1kcs8YHlqnB4NQ2ScNnLi/JxIstB4J33YKbAZ6tpaa/9XasQnOOwmTUWyoJNNFQcyhCWEaDuwxRYnhIwuYKGb/CskAK0yMjTBvQ0CzJ89Do1xCNsHbSrF6mcWRA/vgABwDBM5AFVyDGqgDAh7BM3gFb86T8+K8Ox/T1gUnm9kDf+R8/gBBf5jv</latexit>

10�9 GeV �2
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↵ ⇡ O(0.01)
<latexit sha1_base64="KfAgerLM+cAyUeatxBVgf52ql3U=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl0484K9gFNKDfTSTt0kgwzE7GEbt34K25cKOLWP3Dn3zhps9DWA8M9nHMvc+8JBGdKO863tbS8srq2Xtoob25t7+zae/stlaSS0CZJeCI7ASjKWUybmmlOO0JSiAJO28HoKvfb91QqlsR3eiyoH8EgZiEjoI3Us7EHXAzBFCFk8oC9CPSQAM9uJlWn5rgnPbti6hR4kbgFqaACjZ795fUTkkY01oSDUl3XEdrPQGpGOJ2UvVRRAWQEA9o1NIaIKj+bXjLBx0bp4zCR5sUaT9XfExlESo2jwHTmi6p5Lxf/87qpDi/8jMUi1TQms4/ClGOd4DwW3GeSEs3HhgCRzOyKyRAkEG3CK5sQ3PmTF0nrtOY6Nff2rFK/LOIooUN0hKrIReeojq5RAzURQY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDFI5kQ</latexit><latexit sha1_base64="KfAgerLM+cAyUeatxBVgf52ql3U=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl0484K9gFNKDfTSTt0kgwzE7GEbt34K25cKOLWP3Dn3zhps9DWA8M9nHMvc+8JBGdKO863tbS8srq2Xtoob25t7+zae/stlaSS0CZJeCI7ASjKWUybmmlOO0JSiAJO28HoKvfb91QqlsR3eiyoH8EgZiEjoI3Us7EHXAzBFCFk8oC9CPSQAM9uJlWn5rgnPbti6hR4kbgFqaACjZ795fUTkkY01oSDUl3XEdrPQGpGOJ2UvVRRAWQEA9o1NIaIKj+bXjLBx0bp4zCR5sUaT9XfExlESo2jwHTmi6p5Lxf/87qpDi/8jMUi1TQms4/ClGOd4DwW3GeSEs3HhgCRzOyKyRAkEG3CK5sQ3PmTF0nrtOY6Nff2rFK/LOIooUN0hKrIReeojq5RAzURQY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDFI5kQ</latexit><latexit sha1_base64="KfAgerLM+cAyUeatxBVgf52ql3U=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl0484K9gFNKDfTSTt0kgwzE7GEbt34K25cKOLWP3Dn3zhps9DWA8M9nHMvc+8JBGdKO863tbS8srq2Xtoob25t7+zae/stlaSS0CZJeCI7ASjKWUybmmlOO0JSiAJO28HoKvfb91QqlsR3eiyoH8EgZiEjoI3Us7EHXAzBFCFk8oC9CPSQAM9uJlWn5rgnPbti6hR4kbgFqaACjZ795fUTkkY01oSDUl3XEdrPQGpGOJ2UvVRRAWQEA9o1NIaIKj+bXjLBx0bp4zCR5sUaT9XfExlESo2jwHTmi6p5Lxf/87qpDi/8jMUi1TQms4/ClGOd4DwW3GeSEs3HhgCRzOyKyRAkEG3CK5sQ3PmTF0nrtOY6Nff2rFK/LOIooUN0hKrIReeojq5RAzURQY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDFI5kQ</latexit><latexit sha1_base64="KfAgerLM+cAyUeatxBVgf52ql3U=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl0484K9gFNKDfTSTt0kgwzE7GEbt34K25cKOLWP3Dn3zhps9DWA8M9nHMvc+8JBGdKO863tbS8srq2Xtoob25t7+zae/stlaSS0CZJeCI7ASjKWUybmmlOO0JSiAJO28HoKvfb91QqlsR3eiyoH8EgZiEjoI3Us7EHXAzBFCFk8oC9CPSQAM9uJlWn5rgnPbti6hR4kbgFqaACjZ795fUTkkY01oSDUl3XEdrPQGpGOJ2UvVRRAWQEA9o1NIaIKj+bXjLBx0bp4zCR5sUaT9XfExlESo2jwHTmi6p5Lxf/87qpDi/8jMUi1TQms4/ClGOd4DwW3GeSEs3HhgCRzOyKyRAkEG3CK5sQ3PmTF0nrtOY6Nff2rFK/LOIooUN0hKrIReeojq5RAzURQY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDFI5kQ</latexit>

mweak ⇡ O(100GeV )
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Model Independent 
approach

• WIMPs can annihilate into SM particle pair                                                 ;          

• In the non-relativistic limit, for a relative velocity       of two        each cross section 

• Analysis restricted to for s and p wave respectively. For low velocities   

• Annihilation fraction is defined as  

• The constraint on                     is provided by cosmology                               

• For general kinematics of                            =>no model independence. Model independence 
=>only for collinear photon 

• Using                           The relevant cross section can be computed from=>valid                             
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<latexit sha1_base64="+vIbYZKH1Rn3PjsPQ3V3fH+WJu8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkJIVQS9C0Yt4qmA/oF1LNs22odnsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz8/xYcG0w/naWlldW19ZzG/nNre2d3cLefl1HiaKsRiMRqaZPNBNcsprhRrBmrBgJfcEa/uBm4jeGTGkeyQczipkXkp7kAafEWMm7e0xL+GR8hU/byO0UiriMp0CLxM1IETJUO4WvdjeiScikoYJo3XJxbLyUKMOpYON8O9EsJnRAeqxlqSQh0146PXqMjq3SRUGkbEmDpurviZSEWo9C33aGxPT1vDcR//NaiQkuvZTLODFM0tmiIBHIRGiSAOpyxagRI0sIVdzeimifKEKNzSlvQ3DnX14k9bOyi8vu/Xmxcp3FkYNDOIISuHABFbiFKtSAwhM8wyu8OUPnxXl3PmatS042cwB/4Hz+ACqkkGM=</latexit><latexit sha1_base64="+vIbYZKH1Rn3PjsPQ3V3fH+WJu8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkJIVQS9C0Yt4qmA/oF1LNs22odnsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz8/xYcG0w/naWlldW19ZzG/nNre2d3cLefl1HiaKsRiMRqaZPNBNcsprhRrBmrBgJfcEa/uBm4jeGTGkeyQczipkXkp7kAafEWMm7e0xL+GR8hU/byO0UiriMp0CLxM1IETJUO4WvdjeiScikoYJo3XJxbLyUKMOpYON8O9EsJnRAeqxlqSQh0146PXqMjq3SRUGkbEmDpurviZSEWo9C33aGxPT1vDcR//NaiQkuvZTLODFM0tmiIBHIRGiSAOpyxagRI0sIVdzeimifKEKNzSlvQ3DnX14k9bOyi8vu/Xmxcp3FkYNDOIISuHABFbiFKtSAwhM8wyu8OUPnxXl3PmatS042cwB/4Hz+ACqkkGM=</latexit><latexit sha1_base64="+vIbYZKH1Rn3PjsPQ3V3fH+WJu8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkJIVQS9C0Yt4qmA/oF1LNs22odnsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz8/xYcG0w/naWlldW19ZzG/nNre2d3cLefl1HiaKsRiMRqaZPNBNcsprhRrBmrBgJfcEa/uBm4jeGTGkeyQczipkXkp7kAafEWMm7e0xL+GR8hU/byO0UiriMp0CLxM1IETJUO4WvdjeiScikoYJo3XJxbLyUKMOpYON8O9EsJnRAeqxlqSQh0146PXqMjq3SRUGkbEmDpurviZSEWo9C33aGxPT1vDcR//NaiQkuvZTLODFM0tmiIBHIRGiSAOpyxagRI0sIVdzeimifKEKNzSlvQ3DnX14k9bOyi8vu/Xmxcp3FkYNDOIISuHABFbiFKtSAwhM8wyu8OUPnxXl3PmatS042cwB/4Hz+ACqkkGM=</latexit><latexit sha1_base64="+vIbYZKH1Rn3PjsPQ3V3fH+WJu8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUkJIVQS9C0Yt4qmA/oF1LNs22odnsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz8/xYcG0w/naWlldW19ZzG/nNre2d3cLefl1HiaKsRiMRqaZPNBNcsprhRrBmrBgJfcEa/uBm4jeGTGkeyQczipkXkp7kAafEWMm7e0xL+GR8hU/byO0UiriMp0CLxM1IETJUO4WvdjeiScikoYJo3XJxbLyUKMOpYON8O9EsJnRAeqxlqSQh0146PXqMjq3SRUGkbEmDpurviZSEWo9C33aGxPT1vDcR//NaiQkuvZTLODFM0tmiIBHIRGiSAOpyxagRI0sIVdzeimifKEKNzSlvQ3DnX14k9bOyi8vu/Xmxcp3FkYNDOIISuHABFbiFKtSAwhM8wyu8OUPnxXl3PmatS042cwB/4Hz+ACqkkGM=</latexit>

�an
<latexit sha1_base64="53Aj723YKplquW17eN7qqlM1ZvQ=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNXrJkb/fY3RPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTlLWoEkp3IjRMcMlallvBOqlmmESCPUbj25n/+MS04Uo+2EnKwgSHkseconVSt2f4MMF+jnLar9b8uj8HWSVBQWpQoNmvfvUGimYJk5YKNKYb+KkNc9SWU8GmlV5mWIp0jEPWdVRiwkyYz0+ekjOnDEistCtpyVz9PZFjYswkiVxngnZklr2Z+J/XzWx8HeZcppllki4WxZkgVpHZ/2TANaNWTBxBqrm7ldARaqTWpVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHpyuRew==</latexit><latexit sha1_base64="53Aj723YKplquW17eN7qqlM1ZvQ=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNXrJkb/fY3RPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTlLWoEkp3IjRMcMlallvBOqlmmESCPUbj25n/+MS04Uo+2EnKwgSHkseconVSt2f4MMF+jnLar9b8uj8HWSVBQWpQoNmvfvUGimYJk5YKNKYb+KkNc9SWU8GmlV5mWIp0jEPWdVRiwkyYz0+ekjOnDEistCtpyVz9PZFjYswkiVxngnZklr2Z+J/XzWx8HeZcppllki4WxZkgVpHZ/2TANaNWTBxBqrm7ldARaqTWpVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHpyuRew==</latexit><latexit sha1_base64="53Aj723YKplquW17eN7qqlM1ZvQ=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNXrJkb/fY3RPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTlLWoEkp3IjRMcMlallvBOqlmmESCPUbj25n/+MS04Uo+2EnKwgSHkseconVSt2f4MMF+jnLar9b8uj8HWSVBQWpQoNmvfvUGimYJk5YKNKYb+KkNc9SWU8GmlV5mWIp0jEPWdVRiwkyYz0+ekjOnDEistCtpyVz9PZFjYswkiVxngnZklr2Z+J/XzWx8HeZcppllki4WxZkgVpHZ/2TANaNWTBxBqrm7ldARaqTWpVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHpyuRew==</latexit><latexit sha1_base64="53Aj723YKplquW17eN7qqlM1ZvQ=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhLnNXrJkb/fY3RPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTlLWoEkp3IjRMcMlallvBOqlmmESCPUbj25n/+MS04Uo+2EnKwgSHkseconVSt2f4MMF+jnLar9b8uj8HWSVBQWpQoNmvfvUGimYJk5YKNKYb+KkNc9SWU8GmlV5mWIp0jEPWdVRiwkyYz0+ekjOnDEistCtpyVz9PZFjYswkiVxngnZklr2Z+J/XzWx8HeZcppllki4WxZkgVpHZ/2TANaNWTBxBqrm7ldARaqTWpVRxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHpyuRew==</latexit>

e+e� ! ���
<latexit sha1_base64="m0G2pX8wCLUgWSEuI/Mtx3c7Gf8=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy4r2Af0xZ30tg1NZoYko5ShH+DGX3HjQhG3foA7/8a0nYW2Hkg4nHMuyT1+JLg2rvvtZJaWV1bXsuu5jc2t7Z387l5Vh7FiWGGhCFXdB42CB1gx3AisRwpB+gJr/vB64tfuUWkeBndmFGFLQj/gPc7AWKmTL2D7BNuntKl4f2BAqfCBNtmAp1cfpASbcovuFHSReCkpkBTlTv6r2Q1ZLDEwTIDWDc+NTCsBZTgTOM41Y40RsCH0sWFpABJ1K5kuM6ZHVunSXqjsCQydqr8nEpBaj6RvkxLMQM97E/E/rxGb3mUr4UEUGwzY7KFeLKgJ6aQZ2uUKmREjS4Apbv9K2QAUMGP7y9kSvPmVF0n1rOi5Re/2vFC6SuvIkgNySI6JRy5IidyQMqkQRh7JM3klb86T8+K8Ox+zaMZJZ/bJHzifP1wSmos=</latexit><latexit sha1_base64="m0G2pX8wCLUgWSEuI/Mtx3c7Gf8=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy4r2Af0xZ30tg1NZoYko5ShH+DGX3HjQhG3foA7/8a0nYW2Hkg4nHMuyT1+JLg2rvvtZJaWV1bXsuu5jc2t7Z387l5Vh7FiWGGhCFXdB42CB1gx3AisRwpB+gJr/vB64tfuUWkeBndmFGFLQj/gPc7AWKmTL2D7BNuntKl4f2BAqfCBNtmAp1cfpASbcovuFHSReCkpkBTlTv6r2Q1ZLDEwTIDWDc+NTCsBZTgTOM41Y40RsCH0sWFpABJ1K5kuM6ZHVunSXqjsCQydqr8nEpBaj6RvkxLMQM97E/E/rxGb3mUr4UEUGwzY7KFeLKgJ6aQZ2uUKmREjS4Apbv9K2QAUMGP7y9kSvPmVF0n1rOi5Re/2vFC6SuvIkgNySI6JRy5IidyQMqkQRh7JM3klb86T8+K8Ox+zaMZJZ/bJHzifP1wSmos=</latexit><latexit sha1_base64="m0G2pX8wCLUgWSEuI/Mtx3c7Gf8=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy4r2Af0xZ30tg1NZoYko5ShH+DGX3HjQhG3foA7/8a0nYW2Hkg4nHMuyT1+JLg2rvvtZJaWV1bXsuu5jc2t7Z387l5Vh7FiWGGhCFXdB42CB1gx3AisRwpB+gJr/vB64tfuUWkeBndmFGFLQj/gPc7AWKmTL2D7BNuntKl4f2BAqfCBNtmAp1cfpASbcovuFHSReCkpkBTlTv6r2Q1ZLDEwTIDWDc+NTCsBZTgTOM41Y40RsCH0sWFpABJ1K5kuM6ZHVunSXqjsCQydqr8nEpBaj6RvkxLMQM97E/E/rxGb3mUr4UEUGwzY7KFeLKgJ6aQZ2uUKmREjS4Apbv9K2QAUMGP7y9kSvPmVF0n1rOi5Re/2vFC6SuvIkgNySI6JRy5IidyQMqkQRh7JM3klb86T8+K8Ox+zaMZJZ/bJHzifP1wSmos=</latexit><latexit sha1_base64="m0G2pX8wCLUgWSEuI/Mtx3c7Gf8=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy4r2Af0xZ30tg1NZoYko5ShH+DGX3HjQhG3foA7/8a0nYW2Hkg4nHMuyT1+JLg2rvvtZJaWV1bXsuu5jc2t7Z387l5Vh7FiWGGhCFXdB42CB1gx3AisRwpB+gJr/vB64tfuUWkeBndmFGFLQj/gPc7AWKmTL2D7BNuntKl4f2BAqfCBNtmAp1cfpASbcovuFHSReCkpkBTlTv6r2Q1ZLDEwTIDWDc+NTCsBZTgTOM41Y40RsCH0sWFpABJ1K5kuM6ZHVunSXqjsCQydqr8nEpBaj6RvkxLMQM97E/E/rxGb3mUr4UEUGwzY7KFeLKgJ6aQZ2uUKmREjS4Apbv9K2QAUMGP7y9kSvPmVF0n1rOi5Re/2vFC6SuvIkgNySI6JRy5IidyQMqkQRh7JM3klb86T8+K8Ox+zaMZJZ/bJHzifP1wSmos=</latexit>
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◆1/2+J0

<latexit sha1_base64="5kB50p7o6/nARN3Awab5UNRfOEs="></latexit><latexit sha1_base64="5kB50p7o6/nARN3Awab5UNRfOEs="></latexit><latexit sha1_base64="5kB50p7o6/nARN3Awab5UNRfOEs="></latexit><latexit sha1_base64="5kB50p7o6/nARN3Awab5UNRfOEs="></latexit>

x = 2E�/
p
s

<latexit sha1_base64="uD6uDmHgPGFhvxIZOhwGcIc24iQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCLoRiiK4rGAf0IQwmU7aoTOTODMRS8zCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+8JE0aVdpxvq7CwuLS8Ulwtra1vbG7Z2ztNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLB5chv3ROpaCxu9TAhPkc9QSOKkTZSYO89nFevgszrIc5RfuypO6kzlQd22ak4Y8B54k5JGUxRD+wvrxvjlBOhMUNKdVwn0X6GpKaYkbzkpYokCA9Qj3QMFYgT5Wfj+3N4aJQujGJpSmg4Vn9PZIgrNeSh6eRI99WsNxL/8zqpjs78jIok1UTgyaIoZVDHcBQG7FJJsGZDQxCW1NwKcR9JhLWJrGRCcGdfnifNasV1Ku7NSbl2MY2jCPbBATgCLjgFNXAN6qABMHgEz+AVvFlP1ov1bn1MWgvWdGYX/IH1+QMcTpYp</latexit><latexit sha1_base64="uD6uDmHgPGFhvxIZOhwGcIc24iQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCLoRiiK4rGAf0IQwmU7aoTOTODMRS8zCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+8JE0aVdpxvq7CwuLS8Ulwtra1vbG7Z2ztNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLB5chv3ROpaCxu9TAhPkc9QSOKkTZSYO89nFevgszrIc5RfuypO6kzlQd22ak4Y8B54k5JGUxRD+wvrxvjlBOhMUNKdVwn0X6GpKaYkbzkpYokCA9Qj3QMFYgT5Wfj+3N4aJQujGJpSmg4Vn9PZIgrNeSh6eRI99WsNxL/8zqpjs78jIok1UTgyaIoZVDHcBQG7FJJsGZDQxCW1NwKcR9JhLWJrGRCcGdfnifNasV1Ku7NSbl2MY2jCPbBATgCLjgFNXAN6qABMHgEz+AVvFlP1ov1bn1MWgvWdGYX/IH1+QMcTpYp</latexit><latexit sha1_base64="uD6uDmHgPGFhvxIZOhwGcIc24iQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCLoRiiK4rGAf0IQwmU7aoTOTODMRS8zCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+8JE0aVdpxvq7CwuLS8Ulwtra1vbG7Z2ztNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLB5chv3ROpaCxu9TAhPkc9QSOKkTZSYO89nFevgszrIc5RfuypO6kzlQd22ak4Y8B54k5JGUxRD+wvrxvjlBOhMUNKdVwn0X6GpKaYkbzkpYokCA9Qj3QMFYgT5Wfj+3N4aJQujGJpSmg4Vn9PZIgrNeSh6eRI99WsNxL/8zqpjs78jIok1UTgyaIoZVDHcBQG7FJJsGZDQxCW1NwKcR9JhLWJrGRCcGdfnifNasV1Ku7NSbl2MY2jCPbBATgCLjgFNXAN6qABMHgEz+AVvFlP1ov1bn1MWgvWdGYX/IH1+QMcTpYp</latexit><latexit sha1_base64="uD6uDmHgPGFhvxIZOhwGcIc24iQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXNWkCLoRiiK4rGAf0IQwmU7aoTOTODMRS8zCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+8JE0aVdpxvq7CwuLS8Ulwtra1vbG7Z2ztNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLB5chv3ROpaCxu9TAhPkc9QSOKkTZSYO89nFevgszrIc5RfuypO6kzlQd22ak4Y8B54k5JGUxRD+wvrxvjlBOhMUNKdVwn0X6GpKaYkbzkpYokCA9Qj3QMFYgT5Wfj+3N4aJQujGJpSmg4Vn9PZIgrNeSh6eRI99WsNxL/8zqpjs78jIok1UTgyaIoZVDHcBQG7FJJsGZDQxCW1NwKcR9JhLWJrGRCcGdfnifNasV1Ku7NSbl2MY2jCPbBATgCLjgFNXAN6qABMHgEz+AVvFlP1ov1bn1MWgvWdGYX/IH1+QMcTpYp</latexit>
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p
s � 2m�

<latexit sha1_base64="DiTkuNe5tYFp2f4IJG/XnBzc53M=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSFEGPRS8eK9gPaELYbLft0t0k3d0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/PChDOlHefbKq2tb2xulbcrO7t7+wf24VFbxakktEViHstuiBXlLKItzTSn3URSLEJOO+H4duZ3HqlULI4e9DShvsDDiA0YwdpIgX3iqYnUmcqRN6QTVBdB5pERywO76tScOdAqcQtShQLNwP7y+jFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dn8gRydG6WPBrE0FWk0V39PZFgoNRWh6RRYj9SyNxP/83qpHlz7GYuSVNOILBYNUo50jGZpoD6TlGg+NQQTycytiIywxESbzComBHf55VXSrtdcp+beX1YbN0UcZTiFM7gAF66gAXfQhBYQyOEZXuHNerJerHfrY9FasoqZY/gD6/MHxsGWgQ==</latexit><latexit sha1_base64="DiTkuNe5tYFp2f4IJG/XnBzc53M=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSFEGPRS8eK9gPaELYbLft0t0k3d0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/PChDOlHefbKq2tb2xulbcrO7t7+wf24VFbxakktEViHstuiBXlLKItzTSn3URSLEJOO+H4duZ3HqlULI4e9DShvsDDiA0YwdpIgX3iqYnUmcqRN6QTVBdB5pERywO76tScOdAqcQtShQLNwP7y+jFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dn8gRydG6WPBrE0FWk0V39PZFgoNRWh6RRYj9SyNxP/83qpHlz7GYuSVNOILBYNUo50jGZpoD6TlGg+NQQTycytiIywxESbzComBHf55VXSrtdcp+beX1YbN0UcZTiFM7gAF66gAXfQhBYQyOEZXuHNerJerHfrY9FasoqZY/gD6/MHxsGWgQ==</latexit><latexit sha1_base64="DiTkuNe5tYFp2f4IJG/XnBzc53M=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSFEGPRS8eK9gPaELYbLft0t0k3d0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/PChDOlHefbKq2tb2xulbcrO7t7+wf24VFbxakktEViHstuiBXlLKItzTSn3URSLEJOO+H4duZ3HqlULI4e9DShvsDDiA0YwdpIgX3iqYnUmcqRN6QTVBdB5pERywO76tScOdAqcQtShQLNwP7y+jFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dn8gRydG6WPBrE0FWk0V39PZFgoNRWh6RRYj9SyNxP/83qpHlz7GYuSVNOILBYNUo50jGZpoD6TlGg+NQQTycytiIywxESbzComBHf55VXSrtdcp+beX1YbN0UcZTiFM7gAF66gAXfQhBYQyOEZXuHNerJerHfrY9FasoqZY/gD6/MHxsGWgQ==</latexit><latexit sha1_base64="DiTkuNe5tYFp2f4IJG/XnBzc53M=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSFEGPRS8eK9gPaELYbLft0t0k3d0IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/PChDOlHefbKq2tb2xulbcrO7t7+wf24VFbxakktEViHstuiBXlLKItzTSn3URSLEJOO+H4duZ3HqlULI4e9DShvsDDiA0YwdpIgX3iqYnUmcqRN6QTVBdB5pERywO76tScOdAqcQtShQLNwP7y+jFJBY004Vipnusk2s+w1Ixwmle8VNEEkzEe0p6hERZU+dn8gRydG6WPBrE0FWk0V39PZFgoNRWh6RRYj9SyNxP/83qpHlz7GYuSVNOILBYNUo50jGZpoD6TlGg+NQQTycytiIywxESbzComBHf55VXSrtdcp+beX1YbN0UcZTiFM7gAF66gAXfQhBYQyOEZXuHNerJerHfrY9FasoqZY/gD6/MHxsGWgQ==</latexit>



Polarization

• The reach of ILC can be increased by polarizing the beams 

• Polarization of electron and positron =>                 and           respectively  
•   WIMP spin is not directly accessible and is subsumed under the normalization of the total cross section 

which is left as a free parameter alongside the WIMP mass

P�<latexit sha1_base64="wDdM1D/n9TAgMS/2bUkzSkAZHVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6N/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIoY10</latexit><latexit sha1_base64="wDdM1D/n9TAgMS/2bUkzSkAZHVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6N/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIoY10</latexit><latexit sha1_base64="wDdM1D/n9TAgMS/2bUkzSkAZHVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6N/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIoY10</latexit><latexit sha1_base64="wDdM1D/n9TAgMS/2bUkzSkAZHVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ6N/0S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIoY10</latexit>

P+
<latexit sha1_base64="cRfer/6TSIeOuLkNKYf+5iL72tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh0b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFmY1y</latexit><latexit sha1_base64="cRfer/6TSIeOuLkNKYf+5iL72tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh0b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFmY1y</latexit><latexit sha1_base64="cRfer/6TSIeOuLkNKYf+5iL72tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh0b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFmY1y</latexit><latexit sha1_base64="cRfer/6TSIeOuLkNKYf+5iL72tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh0b/ol+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV0nrsuq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfFmY1y</latexit>

• Equal: Independent of helicity 

• Helicity: Conserves helicity and parity 

• Anti-SM: WIMPs couple to only tight handed electrons 
and left-handed positrons.                     ; All others 



Expected Cross-section
•  Total unpolarised cross section at COM energy 500 GeV for p-wave and spin 1 and spin 1/2. 
• Photon phase space restricted to experimentally accessible                             and  E� > 9 GeV

<latexit sha1_base64="TOxYT0kEtPza2h1tqux0maepbA8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoF6kKKLHCvYDmhA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg1YfDDzem2FmXphyprTjfFmlpeWV1bXyemVjc2t7x97da6skk4S2SMIT2Q2xopzFtKWZ5rSbSopFyGknHF1N/c4DlYol8b0ep9QXeBCziBGsjRTY1esg9wZYCDy58NC5h25oO7BrTt2ZAf0lbkFqUKAZ2J9ePyGZoLEmHCvVc51U+zmWmhFOJxUvUzTFZIQHtGdojAVVfj47foIOjdJHUSJNxRrN1J8TORZKjUVoOgXWQ7XoTcX/vF6mozM/Z3GaaRqT+aIo40gnaJoE6jNJieZjQzCRzNyKyBBLTLTJq2JCcBdf/kvax3XXqbt3J7XGZRFHGfbhAI7AhVNowC00oQUExvAEL/BqPVrP1pv1Pm8tWcVMFX7B+vgGPBGT1Q==</latexit><latexit sha1_base64="TOxYT0kEtPza2h1tqux0maepbA8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoF6kKKLHCvYDmhA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg1YfDDzem2FmXphyprTjfFmlpeWV1bXyemVjc2t7x97da6skk4S2SMIT2Q2xopzFtKWZ5rSbSopFyGknHF1N/c4DlYol8b0ep9QXeBCziBGsjRTY1esg9wZYCDy58NC5h25oO7BrTt2ZAf0lbkFqUKAZ2J9ePyGZoLEmHCvVc51U+zmWmhFOJxUvUzTFZIQHtGdojAVVfj47foIOjdJHUSJNxRrN1J8TORZKjUVoOgXWQ7XoTcX/vF6mozM/Z3GaaRqT+aIo40gnaJoE6jNJieZjQzCRzNyKyBBLTLTJq2JCcBdf/kvax3XXqbt3J7XGZRFHGfbhAI7AhVNowC00oQUExvAEL/BqPVrP1pv1Pm8tWcVMFX7B+vgGPBGT1Q==</latexit><latexit sha1_base64="TOxYT0kEtPza2h1tqux0maepbA8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoF6kKKLHCvYDmhA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg1YfDDzem2FmXphyprTjfFmlpeWV1bXyemVjc2t7x97da6skk4S2SMIT2Q2xopzFtKWZ5rSbSopFyGknHF1N/c4DlYol8b0ep9QXeBCziBGsjRTY1esg9wZYCDy58NC5h25oO7BrTt2ZAf0lbkFqUKAZ2J9ePyGZoLEmHCvVc51U+zmWmhFOJxUvUzTFZIQHtGdojAVVfj47foIOjdJHUSJNxRrN1J8TORZKjUVoOgXWQ7XoTcX/vF6mozM/Z3GaaRqT+aIo40gnaJoE6jNJieZjQzCRzNyKyBBLTLTJq2JCcBdf/kvax3XXqbt3J7XGZRFHGfbhAI7AhVNowC00oQUExvAEL/BqPVrP1pv1Pm8tWcVMFX7B+vgGPBGT1Q==</latexit><latexit sha1_base64="TOxYT0kEtPza2h1tqux0maepbA8=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIoF6kKKLHCvYDmhA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg1YfDDzem2FmXphyprTjfFmlpeWV1bXyemVjc2t7x97da6skk4S2SMIT2Q2xopzFtKWZ5rSbSopFyGknHF1N/c4DlYol8b0ep9QXeBCziBGsjRTY1esg9wZYCDy58NC5h25oO7BrTt2ZAf0lbkFqUKAZ2J9ePyGZoLEmHCvVc51U+zmWmhFOJxUvUzTFZIQHtGdojAVVfj47foIOjdJHUSJNxRrN1J8TORZKjUVoOgXWQ7XoTcX/vF6mozM/Z3GaaRqT+aIo40gnaJoE6jNJieZjQzCRzNyKyBBLTLTJq2JCcBdf/kvax3XXqbt3J7XGZRFHGfbhAI7AhVNowC00oQUExvAEL/BqPVrP1pv1Pm8tWcVMFX7B+vgGPBGT1Q==</latexit>

|cos✓| < 0.998
<latexit sha1_base64="kOxPGZ9qiN/ukD9MOMBFHfxfeLQ=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwFBIRbMFD0YvHCvYD2lA22027dLMJuxOlpP0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpAIrsF1v6219Y3Nre3CTnF3b//g0C4dNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFo9uZ33pkSvNYPsA4YX5EBpKHnBIwUs8uTWisuzBkQCbXrlOtVnp22XXcOfAq8XJSRjnqPfur249pGjEJVBCtO56bgJ8RBZwKNi12U80SQkdkwDqGShIx7Wfz06f4zCh9HMbKlAQ8V39PZCTSehwFpjMiMNTL3kz8z+ukEFb8jMskBSbpYlGYCgwxnuWA+1wxCmJsCKGKm1sxHRJFKJi0iiYEb/nlVdK8cDzX8e4vy7WbPI4COkGn6Bx56ArV0B2qowai6Ak9o1f0Zk2sF+vd+li0rln5zDH6A+vzBzMrk0g=</latexit><latexit sha1_base64="kOxPGZ9qiN/ukD9MOMBFHfxfeLQ=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwFBIRbMFD0YvHCvYD2lA22027dLMJuxOlpP0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpAIrsF1v6219Y3Nre3CTnF3b//g0C4dNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFo9uZ33pkSvNYPsA4YX5EBpKHnBIwUs8uTWisuzBkQCbXrlOtVnp22XXcOfAq8XJSRjnqPfur249pGjEJVBCtO56bgJ8RBZwKNi12U80SQkdkwDqGShIx7Wfz06f4zCh9HMbKlAQ8V39PZCTSehwFpjMiMNTL3kz8z+ukEFb8jMskBSbpYlGYCgwxnuWA+1wxCmJsCKGKm1sxHRJFKJi0iiYEb/nlVdK8cDzX8e4vy7WbPI4COkGn6Bx56ArV0B2qowai6Ak9o1f0Zk2sF+vd+li0rln5zDH6A+vzBzMrk0g=</latexit><latexit sha1_base64="kOxPGZ9qiN/ukD9MOMBFHfxfeLQ=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwFBIRbMFD0YvHCvYD2lA22027dLMJuxOlpP0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpAIrsF1v6219Y3Nre3CTnF3b//g0C4dNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFo9uZ33pkSvNYPsA4YX5EBpKHnBIwUs8uTWisuzBkQCbXrlOtVnp22XXcOfAq8XJSRjnqPfur249pGjEJVBCtO56bgJ8RBZwKNi12U80SQkdkwDqGShIx7Wfz06f4zCh9HMbKlAQ8V39PZCTSehwFpjMiMNTL3kz8z+ukEFb8jMskBSbpYlGYCgwxnuWA+1wxCmJsCKGKm1sxHRJFKJi0iiYEb/nlVdK8cDzX8e4vy7WbPI4COkGn6Bx56ArV0B2qowai6Ak9o1f0Zk2sF+vd+li0rln5zDH6A+vzBzMrk0g=</latexit><latexit sha1_base64="kOxPGZ9qiN/ukD9MOMBFHfxfeLQ=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwFBIRbMFD0YvHCvYD2lA22027dLMJuxOlpP0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpAIrsF1v6219Y3Nre3CTnF3b//g0C4dNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFo9uZ33pkSvNYPsA4YX5EBpKHnBIwUs8uTWisuzBkQCbXrlOtVnp22XXcOfAq8XJSRjnqPfur249pGjEJVBCtO56bgJ8RBZwKNi12U80SQkdkwDqGShIx7Wfz06f4zCh9HMbKlAQ8V39PZCTSehwFpjMiMNTL3kz8z+ukEFb8jMskBSbpYlGYCgwxnuWA+1wxCmJsCKGKm1sxHRJFKJi0iiYEb/nlVdK8cDzX8e4vy7WbPI4COkGn6Bx56ArV0B2qowai6Ak9o1f0Zk2sF+vd+li0rln5zDH6A+vzBzMrk0g=</latexit>

• Generator level photon spectra for different WIMP masses
• Second figure shows for both s and p wave 



Background processes
Irreducible:                                  =>Dominated by W-fusion at t channel at above COM 
energy above Z mass

e+e� ! ⌫⌫̄�
<latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit>

Reducible:                                  =>Dominated by radiative Bhabha scattering 

Large background of                          in the order of 

e+e� ! e+e��
<latexit sha1_base64="i2efFiPqmUveHVhwdBTFoFLKwC8=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjQUVd10dwWx4Np43rezsLi0vLKaWcuub2xubbs7u2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwE/euxX7lHpXkU3plBjA0J3ZB3OANjpZZ7gM0Tis1TWle82zOgVPRAU63eBSmh5ea8vDcBnSd+SnIkRbHlftXbEUskhoYJ0Lrme7FpDEEZzgSOsvVEYwysD12sWRqCRN0YTl4Z0SOrtGknUrZCQyfq74khSK0HMrCdEkxPz3pj8T+vlpjOZWPIwzgxGLLpok4iqInoOBfa5gqZEQNLgClub6WsBwqYsellbQj+7MvzpHyW9728f3ueK1ylcWTIPjkkx8QnF6RAbkiRlAgjj+SZvJI358l5cd6dj2nrgpPO7JE/cD5/AAexmTU=</latexit><latexit sha1_base64="i2efFiPqmUveHVhwdBTFoFLKwC8=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjQUVd10dwWx4Np43rezsLi0vLKaWcuub2xubbs7u2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwE/euxX7lHpXkU3plBjA0J3ZB3OANjpZZ7gM0Tis1TWle82zOgVPRAU63eBSmh5ea8vDcBnSd+SnIkRbHlftXbEUskhoYJ0Lrme7FpDEEZzgSOsvVEYwysD12sWRqCRN0YTl4Z0SOrtGknUrZCQyfq74khSK0HMrCdEkxPz3pj8T+vlpjOZWPIwzgxGLLpok4iqInoOBfa5gqZEQNLgClub6WsBwqYsellbQj+7MvzpHyW9728f3ueK1ylcWTIPjkkx8QnF6RAbkiRlAgjj+SZvJI358l5cd6dj2nrgpPO7JE/cD5/AAexmTU=</latexit><latexit sha1_base64="i2efFiPqmUveHVhwdBTFoFLKwC8=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjQUVd10dwWx4Np43rezsLi0vLKaWcuub2xubbs7u2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwE/euxX7lHpXkU3plBjA0J3ZB3OANjpZZ7gM0Tis1TWle82zOgVPRAU63eBSmh5ea8vDcBnSd+SnIkRbHlftXbEUskhoYJ0Lrme7FpDEEZzgSOsvVEYwysD12sWRqCRN0YTl4Z0SOrtGknUrZCQyfq74khSK0HMrCdEkxPz3pj8T+vlpjOZWPIwzgxGLLpok4iqInoOBfa5gqZEQNLgClub6WsBwqYsellbQj+7MvzpHyW9728f3ueK1ylcWTIPjkkx8QnF6RAbkiRlAgjj+SZvJI358l5cd6dj2nrgpPO7JE/cD5/AAexmTU=</latexit><latexit sha1_base64="i2efFiPqmUveHVhwdBTFoFLKwC8=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjQUVd10dwWx4Np43rezsLi0vLKaWcuub2xubbs7u2UdJYphiUUiUtUANAoeYslwI7AaKwQZCKwE/euxX7lHpXkU3plBjA0J3ZB3OANjpZZ7gM0Tis1TWle82zOgVPRAU63eBSmh5ea8vDcBnSd+SnIkRbHlftXbEUskhoYJ0Lrme7FpDEEZzgSOsvVEYwysD12sWRqCRN0YTl4Z0SOrtGknUrZCQyfq74khSK0HMrCdEkxPz3pj8T+vlpjOZWPIwzgxGLLpok4iqInoOBfa5gqZEQNLgClub6WsBwqYsellbQj+7MvzpHyW9728f3ueK1ylcWTIPjkkx8QnF6RAbkiRlAgjj+SZvJI358l5cd6dj2nrgpPO7JE/cD5/AAexmTU=</latexit>

e+e� ! ��
<latexit sha1_base64="4fsuPLWGjF/gNstILOM5zsey9DM=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjRdVHUz0xXEgmvjed/OwuLS8spqZi27vrG5te3u7JZ1lCiGJRaJSFUD0Ch4iCXDjcBqrBBkILAS9K/HfuUeleZReGcGMTYkdEPe4QyMlVruATZPKDZPaV3xbs+AUtEDrXdBSkhby815eW8COk/8lORIimLL/aq3I5ZIDA0ToHXN92LTGIIynAkcZeuJxhhYH7pYszQEiboxnJwyokdWadNOpGyFhk7U3xtDkFoPZGAnJZienvXG4n9eLTGdy8aQh3FiMGTThzqJoCai41xomytkRgwsAaa4/StlPVDAjE0va0PwZ0+eJ+WzvO/l/dvzXOEqjSND9skhOSY+uSAFckOKpEQYeSTP5JW8OU/Oi/PufExHF5x0Z4/8gfP5A9AEmbY=</latexit><latexit sha1_base64="4fsuPLWGjF/gNstILOM5zsey9DM=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjRdVHUz0xXEgmvjed/OwuLS8spqZi27vrG5te3u7JZ1lCiGJRaJSFUD0Ch4iCXDjcBqrBBkILAS9K/HfuUeleZReGcGMTYkdEPe4QyMlVruATZPKDZPaV3xbs+AUtEDrXdBSkhby815eW8COk/8lORIimLL/aq3I5ZIDA0ToHXN92LTGIIynAkcZeuJxhhYH7pYszQEiboxnJwyokdWadNOpGyFhk7U3xtDkFoPZGAnJZienvXG4n9eLTGdy8aQh3FiMGTThzqJoCai41xomytkRgwsAaa4/StlPVDAjE0va0PwZ0+eJ+WzvO/l/dvzXOEqjSND9skhOSY+uSAFckOKpEQYeSTP5JW8OU/Oi/PufExHF5x0Z4/8gfP5A9AEmbY=</latexit><latexit sha1_base64="4fsuPLWGjF/gNstILOM5zsey9DM=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjRdVHUz0xXEgmvjed/OwuLS8spqZi27vrG5te3u7JZ1lCiGJRaJSFUD0Ch4iCXDjcBqrBBkILAS9K/HfuUeleZReGcGMTYkdEPe4QyMlVruATZPKDZPaV3xbs+AUtEDrXdBSkhby815eW8COk/8lORIimLL/aq3I5ZIDA0ToHXN92LTGIIynAkcZeuJxhhYH7pYszQEiboxnJwyokdWadNOpGyFhk7U3xtDkFoPZGAnJZienvXG4n9eLTGdy8aQh3FiMGTThzqJoCai41xomytkRgwsAaa4/StlPVDAjE0va0PwZ0+eJ+WzvO/l/dvzXOEqjSND9skhOSY+uSAFckOKpEQYeSTP5JW8OU/Oi/PufExHF5x0Z4/8gfP5A9AEmbY=</latexit><latexit sha1_base64="4fsuPLWGjF/gNstILOM5zsey9DM=">AAACCnicbVDLSgNBEJz1GeNr1aOX0SAIYtgVQY9BLx4jmAfkRe+kkwyZ2V1mZpUQcvbir3jxoIhXv8Cbf+Mk2YMmFjRdVHUz0xXEgmvjed/OwuLS8spqZi27vrG5te3u7JZ1lCiGJRaJSFUD0Ch4iCXDjcBqrBBkILAS9K/HfuUeleZReGcGMTYkdEPe4QyMlVruATZPKDZPaV3xbs+AUtEDrXdBSkhby815eW8COk/8lORIimLL/aq3I5ZIDA0ToHXN92LTGIIynAkcZeuJxhhYH7pYszQEiboxnJwyokdWadNOpGyFhk7U3xtDkFoPZGAnJZienvXG4n9eLTGdy8aQh3FiMGTThzqJoCai41xomytkRgwsAaa4/StlPVDAjE0va0PwZ0+eJ+WzvO/l/dvzXOEqjSND9skhOSY+uSAFckOKpEQYeSTP5JW8OU/Oi/PufExHF5x0Z4/8gfP5A9AEmbY=</latexit>

5⇥ 108 fb�1
<latexit sha1_base64="YS0kgg7eipcs88KwoMh+K4JnAYo=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIXiyJKPZY9OKxgv2AJi2b7aZdutmE3Y1QYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9IOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxjeTPzmA5WKxeJejxLqR7gvWMgI1kbq2oeXnmYRVch1OhXkoTDoZGfuuGuXnLIzBVokbk5KkKPWtb+8XkzSiApNOFaq7TqJ9jMsNSOcjoteqmiCyRD3adtQgc1OP5veP0YnRumhMJamhEZT9fdEhiOlRlFgOiOsB2rem4j/ee1UhxU/YyJJNRVktihMOdIxmoSBekxSovnIEEwkM7ciMsASE20iK5oQ3PmXF0njvOw6ZffuolS9zuMowBEcwym4cAVVuIUa1IHAIzzDK7xZT9aL9W59zFqXrHzmAP7A+vwBacOUaQ==</latexit><latexit sha1_base64="YS0kgg7eipcs88KwoMh+K4JnAYo=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIXiyJKPZY9OKxgv2AJi2b7aZdutmE3Y1QYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9IOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxjeTPzmA5WKxeJejxLqR7gvWMgI1kbq2oeXnmYRVch1OhXkoTDoZGfuuGuXnLIzBVokbk5KkKPWtb+8XkzSiApNOFaq7TqJ9jMsNSOcjoteqmiCyRD3adtQgc1OP5veP0YnRumhMJamhEZT9fdEhiOlRlFgOiOsB2rem4j/ee1UhxU/YyJJNRVktihMOdIxmoSBekxSovnIEEwkM7ciMsASE20iK5oQ3PmXF0njvOw6ZffuolS9zuMowBEcwym4cAVVuIUa1IHAIzzDK7xZT9aL9W59zFqXrHzmAP7A+vwBacOUaQ==</latexit><latexit sha1_base64="YS0kgg7eipcs88KwoMh+K4JnAYo=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIXiyJKPZY9OKxgv2AJi2b7aZdutmE3Y1QYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9IOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxjeTPzmA5WKxeJejxLqR7gvWMgI1kbq2oeXnmYRVch1OhXkoTDoZGfuuGuXnLIzBVokbk5KkKPWtb+8XkzSiApNOFaq7TqJ9jMsNSOcjoteqmiCyRD3adtQgc1OP5veP0YnRumhMJamhEZT9fdEhiOlRlFgOiOsB2rem4j/ee1UhxU/YyJJNRVktihMOdIxmoSBekxSovnIEEwkM7ciMsASE20iK5oQ3PmXF0njvOw6ZffuolS9zuMowBEcwym4cAVVuIUa1IHAIzzDK7xZT9aL9W59zFqXrHzmAP7A+vwBacOUaQ==</latexit><latexit sha1_base64="YS0kgg7eipcs88KwoMh+K4JnAYo=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIXiyJKPZY9OKxgv2AJi2b7aZdutmE3Y1QYg/+FS8eFPHq3/Dmv3Hb5qCtDwYe780wMy9IOFPacb6tpeWV1bX1wkZxc2t7Z9fe22+oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxjeTPzmA5WKxeJejxLqR7gvWMgI1kbq2oeXnmYRVch1OhXkoTDoZGfuuGuXnLIzBVokbk5KkKPWtb+8XkzSiApNOFaq7TqJ9jMsNSOcjoteqmiCyRD3adtQgc1OP5veP0YnRumhMJamhEZT9fdEhiOlRlFgOiOsB2rem4j/ee1UhxU/YyJJNRVktihMOdIxmoSBekxSovnIEEwkM7ciMsASE20iK5oQ3PmXF0njvOw6ZffuolS9zuMowBEcwym4cAVVuIUa1IHAIzzDK7xZT9aL9W59zFqXrHzmAP7A+vwBacOUaQ==</latexit>



Analysis Strategy

WIMP signature is indistinguishable from the dominant                       background  

Signal events are created from background                        weighted with                                      

Luinosity and polarization weights               

e+e� ! ⌫⌫̄�
<latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit>

e+e� ! ⌫⌫̄�
<latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit>

wsig = �(���)/�(⌫⌫̄�)
<latexit sha1_base64="Uki75Dnt15/5+E6Jh49XfceVRS4=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUTZ0RQRcKRTcuK9gHdEq5k6ZtaJIZkoxShv6MG3/FjQuLCK78FdN2BG09kMvhnHu5uSeIONPGdT+dzNLyyupadj23sbm1vZPf3avpMFaEVknIQ9UIQFPOJK0aZjhtRIqCCDitB4ObiV9/oEqzUN6bYURbAnqSdRkBY6V2/vKxnWjWG135tgoo+qTP8Kz0QAg4PvkxZIz9AFRiySj12vmCW3KnwIvES0kBpai082O/E5JYUGkIB62bnhuZVgLKMMLpKOfHmkZABtCjTUslCKpbyfTKET6ySgd3Q2WfNHiq/p5IQGg9FIHtFGD6et6biP95zdh0L1oJk1FsqCSzRd2YYxPiSWS4wxQlhg8tAaKY/SsmfVBAjA02Z0Pw5k9eJLXTkueWvLuzQvk6jSOLDtAhKiIPnaMyukUVVEUEPaEX9IbGzrPz6rw7H7PWjJPO7KM/cL6+AYh0pUE=</latexit><latexit sha1_base64="Uki75Dnt15/5+E6Jh49XfceVRS4=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUTZ0RQRcKRTcuK9gHdEq5k6ZtaJIZkoxShv6MG3/FjQuLCK78FdN2BG09kMvhnHu5uSeIONPGdT+dzNLyyupadj23sbm1vZPf3avpMFaEVknIQ9UIQFPOJK0aZjhtRIqCCDitB4ObiV9/oEqzUN6bYURbAnqSdRkBY6V2/vKxnWjWG135tgoo+qTP8Kz0QAg4PvkxZIz9AFRiySj12vmCW3KnwIvES0kBpai082O/E5JYUGkIB62bnhuZVgLKMMLpKOfHmkZABtCjTUslCKpbyfTKET6ySgd3Q2WfNHiq/p5IQGg9FIHtFGD6et6biP95zdh0L1oJk1FsqCSzRd2YYxPiSWS4wxQlhg8tAaKY/SsmfVBAjA02Z0Pw5k9eJLXTkueWvLuzQvk6jSOLDtAhKiIPnaMyukUVVEUEPaEX9IbGzrPz6rw7H7PWjJPO7KM/cL6+AYh0pUE=</latexit><latexit sha1_base64="Uki75Dnt15/5+E6Jh49XfceVRS4=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUTZ0RQRcKRTcuK9gHdEq5k6ZtaJIZkoxShv6MG3/FjQuLCK78FdN2BG09kMvhnHu5uSeIONPGdT+dzNLyyupadj23sbm1vZPf3avpMFaEVknIQ9UIQFPOJK0aZjhtRIqCCDitB4ObiV9/oEqzUN6bYURbAnqSdRkBY6V2/vKxnWjWG135tgoo+qTP8Kz0QAg4PvkxZIz9AFRiySj12vmCW3KnwIvES0kBpai082O/E5JYUGkIB62bnhuZVgLKMMLpKOfHmkZABtCjTUslCKpbyfTKET6ySgd3Q2WfNHiq/p5IQGg9FIHtFGD6et6biP95zdh0L1oJk1FsqCSzRd2YYxPiSWS4wxQlhg8tAaKY/SsmfVBAjA02Z0Pw5k9eJLXTkueWvLuzQvk6jSOLDtAhKiIPnaMyukUVVEUEPaEX9IbGzrPz6rw7H7PWjJPO7KM/cL6+AYh0pUE=</latexit><latexit sha1_base64="Uki75Dnt15/5+E6Jh49XfceVRS4=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUTZ0RQRcKRTcuK9gHdEq5k6ZtaJIZkoxShv6MG3/FjQuLCK78FdN2BG09kMvhnHu5uSeIONPGdT+dzNLyyupadj23sbm1vZPf3avpMFaEVknIQ9UIQFPOJK0aZjhtRIqCCDitB4ObiV9/oEqzUN6bYURbAnqSdRkBY6V2/vKxnWjWG135tgoo+qTP8Kz0QAg4PvkxZIz9AFRiySj12vmCW3KnwIvES0kBpai082O/E5JYUGkIB62bnhuZVgLKMMLpKOfHmkZABtCjTUslCKpbyfTKET6ySgd3Q2WfNHiq/p5IQGg9FIHtFGD6et6biP95zdh0L1oJk1FsqCSzRd2YYxPiSWS4wxQlhg8tAaKY/SsmfVBAjA02Z0Pw5k9eJLXTkueWvLuzQvk6jSOLDtAhKiIPnaMyukUVVEUEPaEX9IbGzrPz6rw7H7PWjJPO7KM/cL6+AYh0pUE=</latexit>



Signal Definition
A signal like event contains at least one photon with                                                     and                        

                          to reduce soft photons and exclude the radiative Z return 

• Within the tracking acceptance of the ILD detector to distinguish from charged particle

10 GeV < E� < 220 GeV
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<latexit sha1_base64="5JjUME4sKjWyHexwiMW8W1Grutg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5CIYAUPRS8eK9gPaEPZbDft0k027E6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUEiuAbX/bYKa+sbm1vF7dLO7t7+gV0+bGqZKsoaVAqp2gHRTPCYNYCDYO1EMRIFgrWC0e3Mbz0ypbmMH2CcMD8ig5iHnBIwUs8uT6jUuAtDBmRy7TpX1Z5dcR13DrxKvJxUUI56z/7q9iVNIxYDFUTrjucm4GdEAaeCTUvdVLOE0BEZsI6hMYmY9rP56VN8apQ+DqUyFQOeq78nMhJpPY4C0xkRGOplbyb+53VSCKt+xuMkBRbTxaIwFRgknuWA+1wxCmJsCKGKm1sxHRJFKJi0SiYEb/nlVdI8dzzX8e4vKrWbPI4iOkYn6Ax56BLV0B2qowai6Ak9o1f0Zk2sF+vd+li0Fqx85gj9gfX5AwrNky8=</latexit><latexit sha1_base64="5JjUME4sKjWyHexwiMW8W1Grutg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5CIYAUPRS8eK9gPaEPZbDft0k027E6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUEiuAbX/bYKa+sbm1vF7dLO7t7+gV0+bGqZKsoaVAqp2gHRTPCYNYCDYO1EMRIFgrWC0e3Mbz0ypbmMH2CcMD8ig5iHnBIwUs8uT6jUuAtDBmRy7TpX1Z5dcR13DrxKvJxUUI56z/7q9iVNIxYDFUTrjucm4GdEAaeCTUvdVLOE0BEZsI6hMYmY9rP56VN8apQ+DqUyFQOeq78nMhJpPY4C0xkRGOplbyb+53VSCKt+xuMkBRbTxaIwFRgknuWA+1wxCmJsCKGKm1sxHRJFKJi0SiYEb/nlVdI8dzzX8e4vKrWbPI4iOkYn6Ax56BLV0B2qowai6Ak9o1f0Zk2sF+vd+li0Fqx85gj9gfX5AwrNky8=</latexit><latexit sha1_base64="5JjUME4sKjWyHexwiMW8W1Grutg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5CIYAUPRS8eK9gPaEPZbDft0k027E6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUEiuAbX/bYKa+sbm1vF7dLO7t7+gV0+bGqZKsoaVAqp2gHRTPCYNYCDYO1EMRIFgrWC0e3Mbz0ypbmMH2CcMD8ig5iHnBIwUs8uT6jUuAtDBmRy7TpX1Z5dcR13DrxKvJxUUI56z/7q9iVNIxYDFUTrjucm4GdEAaeCTUvdVLOE0BEZsI6hMYmY9rP56VN8apQ+DqUyFQOeq78nMhJpPY4C0xkRGOplbyb+53VSCKt+xuMkBRbTxaIwFRgknuWA+1wxCmJsCKGKm1sxHRJFKJi0SiYEb/nlVdI8dzzX8e4vKrWbPI4iOkYn6Ax56BLV0B2qowai6Ak9o1f0Zk2sF+vd+li0Fqx85gj9gfX5AwrNky8=</latexit><latexit sha1_base64="5JjUME4sKjWyHexwiMW8W1Grutg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5CIYAUPRS8eK9gPaEPZbDft0k027E6UkvanePGgiFd/iTf/jds2B219MPB4b4aZeUEiuAbX/bYKa+sbm1vF7dLO7t7+gV0+bGqZKsoaVAqp2gHRTPCYNYCDYO1EMRIFgrWC0e3Mbz0ypbmMH2CcMD8ig5iHnBIwUs8uT6jUuAtDBmRy7TpX1Z5dcR13DrxKvJxUUI56z/7q9iVNIxYDFUTrjucm4GdEAaeCTUvdVLOE0BEZsI6hMYmY9rP56VN8apQ+DqUyFQOeq78nMhJpPY4C0xkRGOplbyb+53VSCKt+xuMkBRbTxaIwFRgknuWA+1wxCmJsCKGKm1sxHRJFKJi0SiYEb/nlVdI8dzzX8e4vKrWbPI4iOkYn6Ax56BLV0B2qowai6Ak9o1f0Zk2sF+vd+li0Fqx85gj9gfX5AwrNky8=</latexit>



Event Sample Generation
SM Background generated by WHIZARD 

Beam energy spectrum and beamstrahlung calculated for nominal beam 
parameters with GUINEA PIG=> passed to WHIZARD



Event sample definition 

                           Background required to have at least one photon with                                             

and beam polarization                                                                              =>others vanish 

For Bhabha =>                                         

e+e� ! ⌫⌫̄�(N)�
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E� > 9 GeV
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(Pe� , Pe+) = (+1,�1)
<latexit sha1_base64="Lks5kf8+1M4osG8w5JjUd9sIlOM=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LJZRpYpKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0lulMI=</latexit><latexit sha1_base64="Lks5kf8+1M4osG8w5JjUd9sIlOM=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LJZRpYpKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0lulMI=</latexit><latexit sha1_base64="Lks5kf8+1M4osG8w5JjUd9sIlOM=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LJZRpYpKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0lulMI=</latexit><latexit sha1_base64="Lks5kf8+1M4osG8w5JjUd9sIlOM=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LJZRpYpKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0lulMI=</latexit>

(Pe� , Pe+) = (�1,+1)
<latexit sha1_base64="VJftyxEgLwr53IcwL1BxR5k8zBQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LFZRpYxKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0l0lMI=</latexit><latexit sha1_base64="VJftyxEgLwr53IcwL1BxR5k8zBQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LFZRpYxKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0l0lMI=</latexit><latexit sha1_base64="VJftyxEgLwr53IcwL1BxR5k8zBQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LFZRpYxKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0l0lMI=</latexit><latexit sha1_base64="VJftyxEgLwr53IcwL1BxR5k8zBQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvQ0gcTEXQjFN24rGAf0I5DJs20oZkHSUYow+DGX3HjQhG3foU7/8Z02oW2Hrjcwzn3ktzjRpxJZVnfxtLyyuraem4jv7m1vbNr7u23ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXU/89gMVkoXBnRpH1PbxIGAeI1hpyTEPiw0noffVtJL1clq6LFZRpYxKjlmwalYGuEjQjBTADA3H/Or1QxL7NFCEYym7yIqUnWChGOE0zfdiSSNMRnhAu5oG2KfSTrITUniilT70QqErUDBTf28k2Jdy7Lt60sdqKOe9ifif142Vd2EnLIhiRQMyfciLOVQhnOQB+0xQovhYE0wE03+FZIgFJkqnltchoPmTF0nrtIasGro9K9SvZnHkwBE4BkWAwDmogxvQAE1AwCN4Bq/gzXgyXox342M6umTMdg7AHxifP0l0lMI=</latexit>

(Pe� , Pe+) = (±1,⌥1)
<latexit sha1_base64="Pjyay9TuCYNjCpML3Bt/PQMIEhw=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVosZZEBN0IRTcuK9gHNDFMptN26EwyzEyEErJy46+4caGIW7/BnX/jNM1Cqwcu93DOvczcE3BKpLLtL6OwsLi0vFJcLa2tb2xumds7bRnFAuEWimgkugGUmJIQtxRRFHe5wJAFFHeC8dXU79xjIUkU3qoJxx6Dw5AMCIJKS765X2n6Cb47TmtZP0qrFxWXM6fmMu5UfbNs1+0M1l/i5KQMcjR989PtRyhmOFSIQil7js2Vl0ChCKI4LbmxxByiMRzinqYhZFh6SXZGah1qpW8NIqErVFam/txIIJNywgI9yaAayXlvKv7n9WI1OPcSEvJY4RDNHhrE1FKRNc3E6hOBkaITTSASRP/VQiMoIFI6uZIOwZk/+S9pn9Qdu+7cnJYbl3kcRbAHDkAFOOAMNMA1aIIWQOABPIEX8Go8Gs/Gm/E+Gy0Y+c4u+AXj4xsy+ZcE</latexit><latexit sha1_base64="Pjyay9TuCYNjCpML3Bt/PQMIEhw=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVosZZEBN0IRTcuK9gHNDFMptN26EwyzEyEErJy46+4caGIW7/BnX/jNM1Cqwcu93DOvczcE3BKpLLtL6OwsLi0vFJcLa2tb2xumds7bRnFAuEWimgkugGUmJIQtxRRFHe5wJAFFHeC8dXU79xjIUkU3qoJxx6Dw5AMCIJKS765X2n6Cb47TmtZP0qrFxWXM6fmMu5UfbNs1+0M1l/i5KQMcjR989PtRyhmOFSIQil7js2Vl0ChCKI4LbmxxByiMRzinqYhZFh6SXZGah1qpW8NIqErVFam/txIIJNywgI9yaAayXlvKv7n9WI1OPcSEvJY4RDNHhrE1FKRNc3E6hOBkaITTSASRP/VQiMoIFI6uZIOwZk/+S9pn9Qdu+7cnJYbl3kcRbAHDkAFOOAMNMA1aIIWQOABPIEX8Go8Gs/Gm/E+Gy0Y+c4u+AXj4xsy+ZcE</latexit><latexit sha1_base64="Pjyay9TuCYNjCpML3Bt/PQMIEhw=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVosZZEBN0IRTcuK9gHNDFMptN26EwyzEyEErJy46+4caGIW7/BnX/jNM1Cqwcu93DOvczcE3BKpLLtL6OwsLi0vFJcLa2tb2xumds7bRnFAuEWimgkugGUmJIQtxRRFHe5wJAFFHeC8dXU79xjIUkU3qoJxx6Dw5AMCIJKS765X2n6Cb47TmtZP0qrFxWXM6fmMu5UfbNs1+0M1l/i5KQMcjR989PtRyhmOFSIQil7js2Vl0ChCKI4LbmxxByiMRzinqYhZFh6SXZGah1qpW8NIqErVFam/txIIJNywgI9yaAayXlvKv7n9WI1OPcSEvJY4RDNHhrE1FKRNc3E6hOBkaITTSASRP/VQiMoIFI6uZIOwZk/+S9pn9Qdu+7cnJYbl3kcRbAHDkAFOOAMNMA1aIIWQOABPIEX8Go8Gs/Gm/E+Gy0Y+c4u+AXj4xsy+ZcE</latexit><latexit sha1_base64="Pjyay9TuCYNjCpML3Bt/PQMIEhw=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVosZZEBN0IRTcuK9gHNDFMptN26EwyzEyEErJy46+4caGIW7/BnX/jNM1Cqwcu93DOvczcE3BKpLLtL6OwsLi0vFJcLa2tb2xumds7bRnFAuEWimgkugGUmJIQtxRRFHe5wJAFFHeC8dXU79xjIUkU3qoJxx6Dw5AMCIJKS765X2n6Cb47TmtZP0qrFxWXM6fmMu5UfbNs1+0M1l/i5KQMcjR989PtRyhmOFSIQil7js2Vl0ChCKI4LbmxxByiMRzinqYhZFh6SXZGah1qpW8NIqErVFam/txIIJNywgI9yaAayXlvKv7n9WI1OPcSEvJY4RDNHhrE1FKRNc3E6hOBkaITTSASRP/VQiMoIFI6uZIOwZk/+S9pn9Qdu+7cnJYbl3kcRbAHDkAFOOAMNMA1aIIWQOABPIEX8Go8Gs/Gm/E+Gy0Y+c4u+AXj4xsy+ZcE</latexit>



Data Samples



Detector Simulation
Detector simulation has bee done by MOKKA=>Simulated detector model=>ILD_00 & 
LDC_PrimeSc_02=>Differs only in forward region



Reconstruction

Reconstruction was done by MARLIN 
=>Particle Flow Algorithm=>PandoraPFA



Beam Induced 
backgrounds and 

Tight selection on     ,          =>might lower the 
significance  

A veto of                  causes a loss of 0.27% signal

��
<latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit>

pT < 3.0 GeV
<latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit>

e+e�
<latexit sha1_base64="3ZL5b1nPsGkjcHPyuILfJStWM2U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QbMLspJMMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AhGt1O/8YRK80g+mHGMfkgHkvc5o8ZKTeycEeyck26x5JbdGcgy8TJSggzVbvGr3YtYEqI0TFCtW54bGz+lynAmcFJoJxpjykZ0gC1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dKTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jKpX5Q9t+zdX5YqN1kceTiCYzgFD66gAndQhRowEPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDcNmO6A==</latexit><latexit sha1_base64="3ZL5b1nPsGkjcHPyuILfJStWM2U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QbMLspJMMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AhGt1O/8YRK80g+mHGMfkgHkvc5o8ZKTeycEeyck26x5JbdGcgy8TJSggzVbvGr3YtYEqI0TFCtW54bGz+lynAmcFJoJxpjykZ0gC1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dKTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jKpX5Q9t+zdX5YqN1kceTiCYzgFD66gAndQhRowEPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDcNmO6A==</latexit><latexit sha1_base64="3ZL5b1nPsGkjcHPyuILfJStWM2U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QbMLspJMMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AhGt1O/8YRK80g+mHGMfkgHkvc5o8ZKTeycEeyck26x5JbdGcgy8TJSggzVbvGr3YtYEqI0TFCtW54bGz+lynAmcFJoJxpjykZ0gC1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dKTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jKpX5Q9t+zdX5YqN1kceTiCYzgFD66gAndQhRowEPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDcNmO6A==</latexit><latexit sha1_base64="3ZL5b1nPsGkjcHPyuILfJStWM2U=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QbMLspJMMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Duo4SxbDGIhGpZkA1Ci6xZrgR2IwV0jAQ2AhGt1O/8YRK80g+mHGMfkgHkvc5o8ZKTeycEeyck26x5JbdGcgy8TJSggzVbvGr3YtYEqI0TFCtW54bGz+lynAmcFJoJxpjykZ0gC1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dKTP/aT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jKpX5Q9t+zdX5YqN1kceTiCYzgFD66gAndQhRowEPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDcNmO6A==</latexit>

��
<latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit><latexit sha1_base64="2OLDS2TEF6jcYZmpxVC6nRLP6RQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHoxWMF+wHtUmbTtA1NsmuSLZSlv8OLB0W8+mO8+W9M2z1o64NhHu/NkMmLEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TJxqyuo0FrFuRWiY4IrVLbeCtRLNUEaCNaPR3cxvjpk2PFaPdpKwUOJA8T6naJ0UdgYoJZJF65bKfsWfg6ySICdlyFHrlr46vZimkilLBRrTDvzEhhlqy6lg02InNSxBOsIBazuqUDITZvOjp+TcKT3Sj7UrZclc/b2RoTRmIiM3KdEOzbI3E//z2qnt34QZV0lqmaKLh/qpIDYmswRIj2tGrZg4glRzdyuhQ9RIrcup6EIIlr+8ShqXlcCvBA9X5eptHkcBTuEMLiCAa6jCPdSgDhSe4Ble4c0bey/eu/exGF3z8p0T+APv8wdpiZHa</latexit>

S/
p
B

<latexit sha1_base64="fnupDK0WzxlH84XPF+XpaOfW8Us=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvGRI8ELx4xyiPChswOA0yYnV1nek3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+cS1EZG6x3HM/ZAOlOgLRtFKD3dnHfOoMa1OusWSW3ZnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn84unpATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpu+TntCcoRxbQpkW9lbChlRThjakgg3BW3x5mTTOy55b9m4vSpVqFkcejuAYTsGDS6jADdSgDgwUPMMrvDnGeXHenY95a87JZg7hD5zPH2/AkMA=</latexit><latexit sha1_base64="fnupDK0WzxlH84XPF+XpaOfW8Us=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvGRI8ELx4xyiPChswOA0yYnV1nek3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+cS1EZG6x3HM/ZAOlOgLRtFKD3dnHfOoMa1OusWSW3ZnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn84unpATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpu+TntCcoRxbQpkW9lbChlRThjakgg3BW3x5mTTOy55b9m4vSpVqFkcejuAYTsGDS6jADdSgDgwUPMMrvDnGeXHenY95a87JZg7hD5zPH2/AkMA=</latexit><latexit sha1_base64="fnupDK0WzxlH84XPF+XpaOfW8Us=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvGRI8ELx4xyiPChswOA0yYnV1nek3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+cS1EZG6x3HM/ZAOlOgLRtFKD3dnHfOoMa1OusWSW3ZnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn84unpATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpu+TntCcoRxbQpkW9lbChlRThjakgg3BW3x5mTTOy55b9m4vSpVqFkcejuAYTsGDS6jADdSgDgwUPMMrvDnGeXHenY95a87JZg7hD5zPH2/AkMA=</latexit><latexit sha1_base64="fnupDK0WzxlH84XPF+XpaOfW8Us=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxhLvGRI8ELx4xyiPChswOA0yYnV1nek3Ihr/w4kFjvPo33vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+cS1EZG6x3HM/ZAOlOgLRtFKD3dnHfOoMa1OusWSW3ZnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn84unpATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpu+TntCcoRxbQpkW9lbChlRThjakgg3BW3x5mTTOy55b9m4vSpVqFkcejuAYTsGDS6jADdSgDgwUPMMrvDnGeXHenY95a87JZg7hD5zPH2/AkMA=</latexit>



Event selection

Discriminating variables  

• Transverse track momentum 

• Visible energy 

• Rejection by detecting in BeamCal 

• Blue                                  Yellow                        
Green => Radiative Bhabha 

• Black irreducible background

pT < 3.0 GeV
<latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit>

Evis � E� < 20.0 GeV
<latexit sha1_base64="ojGkn4ZQXyAE9gf4+m2u+47ggXE=">AAACBnicbZBNS8MwGMfT+TbnW9WjCMEheHG0Q9CDh6GIHie4F1hLSbN0C0vakqSDUXry4lfx4kERr34Gb34b060H3Xwg5Mf//zwkz9+PGZXKsr6N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+uc78zJkLSKHxQk5i4HA1CGlCMlJY88/DGS8dUZqf6dgaIc5Rd1q2a5cBb0q54ZlXztOAi2AVUQVFNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ7GEHEi3XS6RgaPtdKHQST0CRWcqr8nUsSlnHBfd3KkhnLey8X/vF6iggs3pWGcKBLi2UNBwqCKYJ4J7FNBsGITDQgLqv8K8RAJhJVOLg/Bnl95Edr1mm3V7PuzauOqiKMMDsAROAE2OAcNcAeaoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A9lTl2c=</latexit><latexit sha1_base64="ojGkn4ZQXyAE9gf4+m2u+47ggXE=">AAACBnicbZBNS8MwGMfT+TbnW9WjCMEheHG0Q9CDh6GIHie4F1hLSbN0C0vakqSDUXry4lfx4kERr34Gb34b060H3Xwg5Mf//zwkz9+PGZXKsr6N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+uc78zJkLSKHxQk5i4HA1CGlCMlJY88/DGS8dUZqf6dgaIc5Rd1q2a5cBb0q54ZlXztOAi2AVUQVFNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ7GEHEi3XS6RgaPtdKHQST0CRWcqr8nUsSlnHBfd3KkhnLey8X/vF6iggs3pWGcKBLi2UNBwqCKYJ4J7FNBsGITDQgLqv8K8RAJhJVOLg/Bnl95Edr1mm3V7PuzauOqiKMMDsAROAE2OAcNcAeaoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A9lTl2c=</latexit><latexit sha1_base64="ojGkn4ZQXyAE9gf4+m2u+47ggXE=">AAACBnicbZBNS8MwGMfT+TbnW9WjCMEheHG0Q9CDh6GIHie4F1hLSbN0C0vakqSDUXry4lfx4kERr34Gb34b060H3Xwg5Mf//zwkz9+PGZXKsr6N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+uc78zJkLSKHxQk5i4HA1CGlCMlJY88/DGS8dUZqf6dgaIc5Rd1q2a5cBb0q54ZlXztOAi2AVUQVFNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ7GEHEi3XS6RgaPtdKHQST0CRWcqr8nUsSlnHBfd3KkhnLey8X/vF6iggs3pWGcKBLi2UNBwqCKYJ4J7FNBsGITDQgLqv8K8RAJhJVOLg/Bnl95Edr1mm3V7PuzauOqiKMMDsAROAE2OAcNcAeaoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A9lTl2c=</latexit><latexit sha1_base64="ojGkn4ZQXyAE9gf4+m2u+47ggXE=">AAACBnicbZBNS8MwGMfT+TbnW9WjCMEheHG0Q9CDh6GIHie4F1hLSbN0C0vakqSDUXry4lfx4kERr34Gb34b060H3Xwg5Mf//zwkz9+PGZXKsr6N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek44+uc78zJkLSKHxQk5i4HA1CGlCMlJY88/DGS8dUZqf6dgaIc5Rd1q2a5cBb0q54ZlXztOAi2AVUQVFNz/xy+hFOOAkVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ7GEHEi3XS6RgaPtdKHQST0CRWcqr8nUsSlnHBfd3KkhnLey8X/vF6iggs3pWGcKBLi2UNBwqCKYJ4J7FNBsGITDQgLqv8K8RAJhJVOLg/Bnl95Edr1mm3V7PuzauOqiKMMDsAROAE2OAcNcAeaoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A9lTl2c=</latexit>

e+e� ! ⌫⌫̄��
<latexit sha1_base64="sIX7x+BZ7tzFHjgq9MECSqpqdFk=">AAACFnicbZDLSgMxFIYzXmu9VV26CRZBkJYZEXRZdOOygm2FTi1n0tM2NMkMSUYpQ5/Cja/ixoUibsWdb2N6WXg7kPDx/+eQnD9KBDfW9z+9ufmFxaXl3Ep+dW19Y7OwtV03caoZ1lgsYn0dgUHBFdYstwKvE40gI4GNaHA+9hu3qA2P1ZUdJtiS0FO8yxlYJ7ULJbw5pHhToqHmvb4FreM7GqqUhhHozMEo7IGUML3bhaJf9idF/0IwgyKZVbVd+Ag7MUslKssEGNMM/MS2MtCWM4GjfJgaTIANoIdNhwokmlY2WWtE953Sod1Yu6MsnajfJzKQxgxl5Dol2L757Y3F/7xmarunrYyrJLWo2PShbiqojek4I9rhGpkVQwfANHd/pawPGph1SeZdCMHvlf9C/agc+OXg8rhYOZvFkSO7ZI8ckICckAq5IFVSI4zck0fyTF68B+/Je/Xepq1z3mxmh/wo7/0L2VKfNQ==</latexit><latexit sha1_base64="sIX7x+BZ7tzFHjgq9MECSqpqdFk=">AAACFnicbZDLSgMxFIYzXmu9VV26CRZBkJYZEXRZdOOygm2FTi1n0tM2NMkMSUYpQ5/Cja/ixoUibsWdb2N6WXg7kPDx/+eQnD9KBDfW9z+9ufmFxaXl3Ep+dW19Y7OwtV03caoZ1lgsYn0dgUHBFdYstwKvE40gI4GNaHA+9hu3qA2P1ZUdJtiS0FO8yxlYJ7ULJbw5pHhToqHmvb4FreM7GqqUhhHozMEo7IGUML3bhaJf9idF/0IwgyKZVbVd+Ag7MUslKssEGNMM/MS2MtCWM4GjfJgaTIANoIdNhwokmlY2WWtE953Sod1Yu6MsnajfJzKQxgxl5Dol2L757Y3F/7xmarunrYyrJLWo2PShbiqojek4I9rhGpkVQwfANHd/pawPGph1SeZdCMHvlf9C/agc+OXg8rhYOZvFkSO7ZI8ckICckAq5IFVSI4zck0fyTF68B+/Je/Xepq1z3mxmh/wo7/0L2VKfNQ==</latexit><latexit sha1_base64="sIX7x+BZ7tzFHjgq9MECSqpqdFk=">AAACFnicbZDLSgMxFIYzXmu9VV26CRZBkJYZEXRZdOOygm2FTi1n0tM2NMkMSUYpQ5/Cja/ixoUibsWdb2N6WXg7kPDx/+eQnD9KBDfW9z+9ufmFxaXl3Ep+dW19Y7OwtV03caoZ1lgsYn0dgUHBFdYstwKvE40gI4GNaHA+9hu3qA2P1ZUdJtiS0FO8yxlYJ7ULJbw5pHhToqHmvb4FreM7GqqUhhHozMEo7IGUML3bhaJf9idF/0IwgyKZVbVd+Ag7MUslKssEGNMM/MS2MtCWM4GjfJgaTIANoIdNhwokmlY2WWtE953Sod1Yu6MsnajfJzKQxgxl5Dol2L757Y3F/7xmarunrYyrJLWo2PShbiqojek4I9rhGpkVQwfANHd/pawPGph1SeZdCMHvlf9C/agc+OXg8rhYOZvFkSO7ZI8ckICckAq5IFVSI4zck0fyTF68B+/Je/Xepq1z3mxmh/wo7/0L2VKfNQ==</latexit><latexit sha1_base64="sIX7x+BZ7tzFHjgq9MECSqpqdFk=">AAACFnicbZDLSgMxFIYzXmu9VV26CRZBkJYZEXRZdOOygm2FTi1n0tM2NMkMSUYpQ5/Cja/ixoUibsWdb2N6WXg7kPDx/+eQnD9KBDfW9z+9ufmFxaXl3Ep+dW19Y7OwtV03caoZ1lgsYn0dgUHBFdYstwKvE40gI4GNaHA+9hu3qA2P1ZUdJtiS0FO8yxlYJ7ULJbw5pHhToqHmvb4FreM7GqqUhhHozMEo7IGUML3bhaJf9idF/0IwgyKZVbVd+Ag7MUslKssEGNMM/MS2MtCWM4GjfJgaTIANoIdNhwokmlY2WWtE953Sod1Yu6MsnajfJzKQxgxl5Dol2L757Y3F/7xmarunrYyrJLWo2PShbiqojek4I9rhGpkVQwfANHd/pawPGph1SeZdCMHvlf9C/agc+OXg8rhYOZvFkSO7ZI8ckICckAq5IFVSI4zck0fyTF68B+/Je/Xepq1z3mxmh/wo7/0L2VKfNQ==</latexit>

e+e� ! ��
<latexit sha1_base64="y4MGlGc6zwXHeJbNu76TG1QAvRM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCWBIRdFl047KCfUATy810kg6dScLMRCmhWzf+ihsXirj1D9z5N07bLLT1wB0O59zLnXuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtABTlLKYNzTSn7VRSEAGnrWBwNfZb91QqlsS3ephSX0AUs5AR0Ebq2pjeHZs6wZ5kUV+DlMkD9iIQAqZv1644VWcCPE/cglRQgXrX/vJ6CckEjTXhoFTHdVLt5yA1I5yOyl6maApkABHtGBqDoMrPJ5eM8KFRejhMpKlY44n6eyIHodRQBKZTgO6rWW8s/ud1Mh1e+DmL00zTmEwXhRnHOsHjWHCPSUo0HxoCRDLzV0z6IIFoE17ZhODOnjxPmqdV16m6N2eV2mURRwntowN0hFx0jmroGtVRAxH0iJ7RK3qznqwX6936mLYuWMXMHvoD6/MHcEGZjA==</latexit><latexit sha1_base64="y4MGlGc6zwXHeJbNu76TG1QAvRM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCWBIRdFl047KCfUATy810kg6dScLMRCmhWzf+ihsXirj1D9z5N07bLLT1wB0O59zLnXuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtABTlLKYNzTSn7VRSEAGnrWBwNfZb91QqlsS3ephSX0AUs5AR0Ebq2pjeHZs6wZ5kUV+DlMkD9iIQAqZv1644VWcCPE/cglRQgXrX/vJ6CckEjTXhoFTHdVLt5yA1I5yOyl6maApkABHtGBqDoMrPJ5eM8KFRejhMpKlY44n6eyIHodRQBKZTgO6rWW8s/ud1Mh1e+DmL00zTmEwXhRnHOsHjWHCPSUo0HxoCRDLzV0z6IIFoE17ZhODOnjxPmqdV16m6N2eV2mURRwntowN0hFx0jmroGtVRAxH0iJ7RK3qznqwX6936mLYuWMXMHvoD6/MHcEGZjA==</latexit><latexit sha1_base64="y4MGlGc6zwXHeJbNu76TG1QAvRM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCWBIRdFl047KCfUATy810kg6dScLMRCmhWzf+ihsXirj1D9z5N07bLLT1wB0O59zLnXuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtABTlLKYNzTSn7VRSEAGnrWBwNfZb91QqlsS3ephSX0AUs5AR0Ebq2pjeHZs6wZ5kUV+DlMkD9iIQAqZv1644VWcCPE/cglRQgXrX/vJ6CckEjTXhoFTHdVLt5yA1I5yOyl6maApkABHtGBqDoMrPJ5eM8KFRejhMpKlY44n6eyIHodRQBKZTgO6rWW8s/ud1Mh1e+DmL00zTmEwXhRnHOsHjWHCPSUo0HxoCRDLzV0z6IIFoE17ZhODOnjxPmqdV16m6N2eV2mURRwntowN0hFx0jmroGtVRAxH0iJ7RK3qznqwX6936mLYuWMXMHvoD6/MHcEGZjA==</latexit><latexit sha1_base64="y4MGlGc6zwXHeJbNu76TG1QAvRM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCWBIRdFl047KCfUATy810kg6dScLMRCmhWzf+ihsXirj1D9z5N07bLLT1wB0O59zLnXuClDOlHefbWlhcWl5ZLa2V1zc2t7btnd2mSjJJaIMkPJHtABTlLKYNzTSn7VRSEAGnrWBwNfZb91QqlsS3ephSX0AUs5AR0Ebq2pjeHZs6wZ5kUV+DlMkD9iIQAqZv1644VWcCPE/cglRQgXrX/vJ6CckEjTXhoFTHdVLt5yA1I5yOyl6maApkABHtGBqDoMrPJ5eM8KFRejhMpKlY44n6eyIHodRQBKZTgO6rWW8s/ud1Mh1e+DmL00zTmEwXhRnHOsHjWHCPSUo0HxoCRDLzV0z6IIFoE17ZhODOnjxPmqdV16m6N2eV2mURRwntowN0hFx0jmroGtVRAxH0iJ7RK3qznqwX6936mLYuWMXMHvoD6/MHcEGZjA==</latexit>

e+e� ! ⌫⌫̄�
<latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit><latexit sha1_base64="p1R6TZ9j5vaTVPi32YZs0crhSpQ=">AAACEHicbZDLSgMxFIYz3q23qks3wSIKYpkRQZdFNy4V7AU6bTmTnrbBJDMkGaUMfQQ3voobF4q4denOtzG9LNT6Q+DjP+dwcv4oEdxY3//yZmbn5hcWl5ZzK6tr6xv5za2KiVPNsMxiEetaBAYFV1i23AqsJRpBRgKr0e3FsF69Q214rG5sP8GGhK7iHc7AOquV38fmIcXmEQ017/YsaB3f01ClNIxAZw4GYRekhFa+4Bf9keg0BBMokImuWvnPsB2zVKKyTIAx9cBPbCMDbTkTOMiFqcEE2C10se5QgUTTyEYHDeiec9q0E2v3lKUj9+dEBtKYvoxcpwTbM39rQ/O/Wj21nbNGxlWSWlRsvKiTCmpjOkyHtrlGZkXfATDN3V8p64EGZl2GORdC8PfkaagcFwO/GFyfFErnkziWyA7ZJQckIKekRC7JFSkTRh7IE3khr96j9+y9ee/j1hlvMrNNfsn7+AYE2pya</latexit>



Event Selection

• The distributions are dominated by low        tracks after the veto of                               is 
applied 

•

pT
<latexit sha1_base64="SWLfC4uaJ7CdEMXXmPzc+cBg2pE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V+gXtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvVNrY3NreKe9W9vYPDo+qxycdE6easjaNRax7ITFMcMXallvBeolmRIaCdcPpfe53n5g2PFYtO0tYIMlY8YhTYnMpGbbwsFrz6t4CeJ34BalBgeaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItb5/jCKSMcxdqVsnih/p7IiDRmJkPXKYmdmFUvF//z+qmNboOMqyS1TNHloigV2MY4fxyPuGbUipkjhGrubsV0QjSh1sVTcSH4qy+vk85V3ffq/uN1rXFXxFGGMziHS/DhBhrwAE1oA4UJPMMrvCGJXtA7+li2llAxcwp/gD5/AIsXjeU=</latexit><latexit sha1_base64="SWLfC4uaJ7CdEMXXmPzc+cBg2pE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V+gXtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvVNrY3NreKe9W9vYPDo+qxycdE6easjaNRax7ITFMcMXallvBeolmRIaCdcPpfe53n5g2PFYtO0tYIMlY8YhTYnMpGbbwsFrz6t4CeJ34BalBgeaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItb5/jCKSMcxdqVsnih/p7IiDRmJkPXKYmdmFUvF//z+qmNboOMqyS1TNHloigV2MY4fxyPuGbUipkjhGrubsV0QjSh1sVTcSH4qy+vk85V3ffq/uN1rXFXxFGGMziHS/DhBhrwAE1oA4UJPMMrvCGJXtA7+li2llAxcwp/gD5/AIsXjeU=</latexit><latexit sha1_base64="SWLfC4uaJ7CdEMXXmPzc+cBg2pE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V+gXtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvVNrY3NreKe9W9vYPDo+qxycdE6easjaNRax7ITFMcMXallvBeolmRIaCdcPpfe53n5g2PFYtO0tYIMlY8YhTYnMpGbbwsFrz6t4CeJ34BalBgeaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItb5/jCKSMcxdqVsnih/p7IiDRmJkPXKYmdmFUvF//z+qmNboOMqyS1TNHloigV2MY4fxyPuGbUipkjhGrubsV0QjSh1sVTcSH4qy+vk85V3ffq/uN1rXFXxFGGMziHS/DhBhrwAE1oA4UJPMMrvCGJXtA7+li2llAxcwp/gD5/AIsXjeU=</latexit><latexit sha1_base64="SWLfC4uaJ7CdEMXXmPzc+cBg2pE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V+gXtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvVNrY3NreKe9W9vYPDo+qxycdE6easjaNRax7ITFMcMXallvBeolmRIaCdcPpfe53n5g2PFYtO0tYIMlY8YhTYnMpGbbwsFrz6t4CeJ34BalBgeaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItb5/jCKSMcxdqVsnih/p7IiDRmJkPXKYmdmFUvF//z+qmNboOMqyS1TNHloigV2MY4fxyPuGbUipkjhGrubsV0QjSh1sVTcSH4qy+vk85V3ffq/uN1rXFXxFGGMziHS/DhBhrwAE1oA4UJPMMrvCGJXtA7+li2llAxcwp/gD5/AIsXjeU=</latexit>

pT < 3.0 GeV
<latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit><latexit sha1_base64="8lhRZdgqflRqJNrsAbjmh2f5Drc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigh48FD3osUK/oA1hs920SzebsLsRaukv8eJBEa/+FG/+GzdtDlp9MPB4b4aZeWHKmdKu+2WVVlbX1jfKm5Wt7Z3dqr2331ZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOL7J/c4DlYoloqknKfVjPBQsYgRrIwV2NQ2a6AqdOW4f3dJ2JbBrruPOgf4SryA1KNAI7M/+ICFZTIUmHCvV89xU+1MsNSOczir9TNEUkzEe0p6hAsdU+dP54TN0bJQBihJpSmg0V39OTHGs1CQOTWeM9Ugte7n4n9fLdHTpT5lIM00FWSyKMo50gvIU0IBJSjSfGIKJZOZWREZYYqJNVnkI3vLLf0n71PFcx7s/r9WvizjKcAhHcAIeXEAd7qABLSCQwRO8wKv1aD1bb9b7orVkFTMH8AvWxzdsipD5</latexit>



Event Selection

• A veto on events with events containing 
tracks of                             reject Bhabha 
and                           events apart from 
muon and hadronic events (second figure) 

• Signal rejected => 0.25%

pT > 3.0 GeV
<latexit sha1_base64="Ieb+lD/fhTnq0vSM4ltjisbs+Ss=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigp6k6EGPFfoFbQib7aZdutmE3Y1QS3+JFw+KePWnePPfuGlz0OqDgcd7M8zMC1POlHbdL6u0srq2vlHerGxt7+xW7b39tkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8U3udx6oVCwRTT1JqR/joWARI1gbKbCradBEV+jMcfvolrYrgV1zHXcO9Jd4BalBgUZgf/YHCcliKjThWKme56ban2KpGeF0VulniqaYjPGQ9gwVOKbKn84Pn6FjowxQlEhTQqO5+nNiimOlJnFoOmOsR2rZy8X/vF6mo0t/ykSaaSrIYlGUcaQTlKeABkxSovnEEEwkM7ciMsISE22yykPwll/+S9qnjuc63v15rX5dxFGGQziCE/DgAupwBw1oAYEMnuAFXq1H69l6s94XrSWrmDmAX7A+vgFvppD7</latexit><latexit sha1_base64="Ieb+lD/fhTnq0vSM4ltjisbs+Ss=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigp6k6EGPFfoFbQib7aZdutmE3Y1QS3+JFw+KePWnePPfuGlz0OqDgcd7M8zMC1POlHbdL6u0srq2vlHerGxt7+xW7b39tkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8U3udx6oVCwRTT1JqR/joWARI1gbKbCradBEV+jMcfvolrYrgV1zHXcO9Jd4BalBgUZgf/YHCcliKjThWKme56ban2KpGeF0VulniqaYjPGQ9gwVOKbKn84Pn6FjowxQlEhTQqO5+nNiimOlJnFoOmOsR2rZy8X/vF6mo0t/ykSaaSrIYlGUcaQTlKeABkxSovnEEEwkM7ciMsISE22yykPwll/+S9qnjuc63v15rX5dxFGGQziCE/DgAupwBw1oAYEMnuAFXq1H69l6s94XrSWrmDmAX7A+vgFvppD7</latexit><latexit sha1_base64="Ieb+lD/fhTnq0vSM4ltjisbs+Ss=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigp6k6EGPFfoFbQib7aZdutmE3Y1QS3+JFw+KePWnePPfuGlz0OqDgcd7M8zMC1POlHbdL6u0srq2vlHerGxt7+xW7b39tkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8U3udx6oVCwRTT1JqR/joWARI1gbKbCradBEV+jMcfvolrYrgV1zHXcO9Jd4BalBgUZgf/YHCcliKjThWKme56ban2KpGeF0VulniqaYjPGQ9gwVOKbKn84Pn6FjowxQlEhTQqO5+nNiimOlJnFoOmOsR2rZy8X/vF6mo0t/ykSaaSrIYlGUcaQTlKeABkxSovnEEEwkM7ciMsISE22yykPwll/+S9qnjuc63v15rX5dxFGGQziCE/DgAupwBw1oAYEMnuAFXq1H69l6s94XrSWrmDmAX7A+vgFvppD7</latexit><latexit sha1_base64="Ieb+lD/fhTnq0vSM4ltjisbs+Ss=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkKigp6k6EGPFfoFbQib7aZdutmE3Y1QS3+JFw+KePWnePPfuGlz0OqDgcd7M8zMC1POlHbdL6u0srq2vlHerGxt7+xW7b39tkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8U3udx6oVCwRTT1JqR/joWARI1gbKbCradBEV+jMcfvolrYrgV1zHXcO9Jd4BalBgUZgf/YHCcliKjThWKme56ban2KpGeF0VulniqaYjPGQ9gwVOKbKn84Pn6FjowxQlEhTQqO5+nNiimOlJnFoOmOsR2rZy8X/vF6mo0t/ykSaaSrIYlGUcaQTlKeABkxSovnEEEwkM7ciMsISE22yykPwll/+S9qnjuc63v15rX5dxFGGQziCE/DgAupwBw1oAYEMnuAFXq1H69l6s94XrSWrmDmAX7A+vgFvppD7</latexit>
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Event Selection

• Visible event energy excluding the most 
energetic photon is applied to reduce 
further hadronic and muonic backgrounds 

• A veto of                                           
reduces                         events completely 
and reduces Bhabha by 10%

Evis � E� < 20.0 GeV
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Event Selection
• BeamCal effect is considered by assigning a 

relative probability corresponding to be 
tagged by the BeamCal to each event. 

• Selection efficiency is 87%



Event Selection Efficiency



WIMP Selection 
Efficiency

• Selection efficiency of the                           background depends on photon energy spectrum  

• photon energy spectrum depends on mass => selection efficiency depends on mass 

• For a fixed total cross section, p-wave peaks sharper at low photon energy, resulting in higher 
selection efficiency for p-waves of all masses
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Systematic Uncertainties
• Signal efficiency                calibrated by radiative Z-return 

for an integrated luminosity                        after event 
selection without vetoes on photon 

• Uncertainty of normalization of Gaussian fit => given by 
data statistics => upper bound of error (photon 
reconstruction efficiency) 

• Statistical uncertainty of polarization for observed data 
events      , 

L = 500 fb�1
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✏ =
N

L�
<latexit sha1_base64="bJrYbuI4b0qvdVGPEuPKnMDBdH8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCboSiGxciFewDmlIm00k7dB5hZiKUkD9w46+4caGIW7fu/BsnbRbaeuDC4Zx7ufeeMGZUG8/7dhYWl5ZXVktr5fWNza1td2e3qWWiMGlgyaRqh0gTRgVpGGoYaceKIB4y0gpHV7nfeiBKUynuzTgmXY4GgkYUI2OlnnsUkFhTJgW8gEGkEE5vszTgyAwxYulNFmg64CjruRWv6k0A54lfkAooUO+5X0Ff4oQTYTBDWnd8LzbdFClDMSNZOUg0iREeoQHpWCoQJ7qbTv7J4KFV+jCSypYwcKL+nkgR13rMQ9uZX6pnvVz8z+skJjrvplTEiSECTxdFCYNGwjwc2KeKYMPGliCsqL0V4iGyqRgbYdmG4M++PE+aJ1Xfq/p3p5XaZRFHCeyDA3AMfHAGauAa1EEDYPAInsEreHOenBfn3fmYti44xcwe+APn8we2wJ0X</latexit><latexit sha1_base64="bJrYbuI4b0qvdVGPEuPKnMDBdH8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCboSiGxciFewDmlIm00k7dB5hZiKUkD9w46+4caGIW7fu/BsnbRbaeuDC4Zx7ufeeMGZUG8/7dhYWl5ZXVktr5fWNza1td2e3qWWiMGlgyaRqh0gTRgVpGGoYaceKIB4y0gpHV7nfeiBKUynuzTgmXY4GgkYUI2OlnnsUkFhTJgW8gEGkEE5vszTgyAwxYulNFmg64CjruRWv6k0A54lfkAooUO+5X0Ff4oQTYTBDWnd8LzbdFClDMSNZOUg0iREeoQHpWCoQJ7qbTv7J4KFV+jCSypYwcKL+nkgR13rMQ9uZX6pnvVz8z+skJjrvplTEiSECTxdFCYNGwjwc2KeKYMPGliCsqL0V4iGyqRgbYdmG4M++PE+aJ1Xfq/p3p5XaZRFHCeyDA3AMfHAGauAa1EEDYPAInsEreHOenBfn3fmYti44xcwe+APn8we2wJ0X</latexit><latexit sha1_base64="bJrYbuI4b0qvdVGPEuPKnMDBdH8=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCboSiGxciFewDmlIm00k7dB5hZiKUkD9w46+4caGIW7fu/BsnbRbaeuDC4Zx7ufeeMGZUG8/7dhYWl5ZXVktr5fWNza1td2e3qWWiMGlgyaRqh0gTRgVpGGoYaceKIB4y0gpHV7nfeiBKUynuzTgmXY4GgkYUI2OlnnsUkFhTJgW8gEGkEE5vszTgyAwxYulNFmg64CjruRWv6k0A54lfkAooUO+5X0Ff4oQTYTBDWnd8LzbdFClDMSNZOUg0iREeoQHpWCoQJ7qbTv7J4KFV+jCSypYwcKL+nkgR13rMQ9uZX6pnvVz8z+skJjrvplTEiSECTxdFCYNGwjwc2KeKYMPGliCsqL0V4iGyqRgbYdmG4M++PE+aJ1Xfq/p3p5XaZRFHCeyDA3AMfHAGauAa1EEDYPAInsEreHOenBfn3fmYti44xcwe+APn8we2wJ0X</latexit>

��Pe�Pe+
=

p
ND

L✏
<latexit sha1_base64="VRhavwQ26ToqPpAnddyt1PSws+k="></latexit><latexit sha1_base64="VRhavwQ26ToqPpAnddyt1PSws+k="></latexit><latexit sha1_base64="VRhavwQ26ToqPpAnddyt1PSws+k="></latexit><latexit sha1_base64="VRhavwQ26ToqPpAnddyt1PSws+k="></latexit>

ND
<latexit sha1_base64="PnaYX6wO4bIiFZSyn+LuXWmMAzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRD56kov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5aMYJ+hEdSB5yRo2VHu56N71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXr355XaVR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8A6HGNiQ==</latexit><latexit sha1_base64="PnaYX6wO4bIiFZSyn+LuXWmMAzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRD56kov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5aMYJ+hEdSB5yRo2VHu56N71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXr355XaVR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8A6HGNiQ==</latexit><latexit sha1_base64="PnaYX6wO4bIiFZSyn+LuXWmMAzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRD56kov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5aMYJ+hEdSB5yRo2VHu56N71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXr355XaVR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8A6HGNiQ==</latexit><latexit sha1_base64="PnaYX6wO4bIiFZSyn+LuXWmMAzs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRD56kov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5aMYJ+hEdSB5yRo2VHu56N71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXr355XaVR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8A6HGNiQ==</latexit>



Event Selection

• For individual cross sections, coupling structure can be determined 

• Unpolarized cross section        is defined as �0
<latexit sha1_base64="f0zJgBNh0/W4XJh0dUKr+NfPjNA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3TV8ILHn98oVv+rPQVZJkJMK5Kj3yl/dfkIzyZSlAo3pBH5qwwlqy6lg01I3MyxFOsIB6ziqUDITTub3TsmZU/okTrQrZclc/T0xQWnMWEauU6IdmmVvJv7ndTIbX4cTrtLMMkUXi+JMEJuQ2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP8RBj8Y=</latexit><latexit sha1_base64="f0zJgBNh0/W4XJh0dUKr+NfPjNA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3TV8ILHn98oVv+rPQVZJkJMK5Kj3yl/dfkIzyZSlAo3pBH5qwwlqy6lg01I3MyxFOsIB6ziqUDITTub3TsmZU/okTrQrZclc/T0xQWnMWEauU6IdmmVvJv7ndTIbX4cTrtLMMkUXi+JMEJuQ2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP8RBj8Y=</latexit><latexit sha1_base64="f0zJgBNh0/W4XJh0dUKr+NfPjNA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3TV8ILHn98oVv+rPQVZJkJMK5Kj3yl/dfkIzyZSlAo3pBH5qwwlqy6lg01I3MyxFOsIB6ziqUDITTub3TsmZU/okTrQrZclc/T0xQWnMWEauU6IdmmVvJv7ndTIbX4cTrtLMMkUXi+JMEJuQ2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP8RBj8Y=</latexit><latexit sha1_base64="f0zJgBNh0/W4XJh0dUKr+NfPjNA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3TV8ILHn98oVv+rPQVZJkJMK5Kj3yl/dfkIzyZSlAo3pBH5qwwlqy6lg01I3MyxFOsIB6ziqUDITTub3TsmZU/okTrQrZclc/T0xQWnMWEauU6IdmmVvJv7ndTIbX4cTrtLMMkUXi+JMEJuQ2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP8RBj8Y=</latexit>

⌃(i,j)✏{R,L}�(i,j) = 4⇥ �0
<latexit sha1_base64="sBokmXcTCN2C+zuqefGNgqbEEbg=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0oFN24cFEfrYUmhMl02o6dTMLMRCghP+PGX3HjwiKCK3/FaZtFbT1w4XDOvdx7jx8xKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0fKRJIxy0lBUMdKKBEGBz8ijP7ga+4/PREga8gc1jIgboB6nXYqR0pJnnjv3tBcgLynR8tOxQyJJWcihk9yVb5w0deSMm15UHUUDIjPV8syiVbEmgIvEzkgRZKh75sjphDgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hH2ppypJe5yeTLFB5ppQO7odDFFZyosxMJCqQcBr7uDJDqy3lvLP7ntWPVPXMTyqNYEY6ni7oxgyqE48hghwqCFRtqgrCg+laI+0ggrHSwBR2CPf/yImmeVGyrYt9Wi7XLLI48OACHoARscApq4BrUQQNg8ALewAcYGa/Gu/FpfE1bc0Y2sw/+wPj5Be2WpOY=</latexit><latexit sha1_base64="sBokmXcTCN2C+zuqefGNgqbEEbg=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0oFN24cFEfrYUmhMl02o6dTMLMRCghP+PGX3HjwiKCK3/FaZtFbT1w4XDOvdx7jx8xKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0fKRJIxy0lBUMdKKBEGBz8ijP7ga+4/PREga8gc1jIgboB6nXYqR0pJnnjv3tBcgLynR8tOxQyJJWcihk9yVb5w0deSMm15UHUUDIjPV8syiVbEmgIvEzkgRZKh75sjphDgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hH2ppypJe5yeTLFB5ppQO7odDFFZyosxMJCqQcBr7uDJDqy3lvLP7ntWPVPXMTyqNYEY6ni7oxgyqE48hghwqCFRtqgrCg+laI+0ggrHSwBR2CPf/yImmeVGyrYt9Wi7XLLI48OACHoARscApq4BrUQQNg8ALewAcYGa/Gu/FpfE1bc0Y2sw/+wPj5Be2WpOY=</latexit><latexit sha1_base64="sBokmXcTCN2C+zuqefGNgqbEEbg=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0oFN24cFEfrYUmhMl02o6dTMLMRCghP+PGX3HjwiKCK3/FaZtFbT1w4XDOvdx7jx8xKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0fKRJIxy0lBUMdKKBEGBz8ijP7ga+4/PREga8gc1jIgboB6nXYqR0pJnnjv3tBcgLynR8tOxQyJJWcihk9yVb5w0deSMm15UHUUDIjPV8syiVbEmgIvEzkgRZKh75sjphDgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hH2ppypJe5yeTLFB5ppQO7odDFFZyosxMJCqQcBr7uDJDqy3lvLP7ntWPVPXMTyqNYEY6ni7oxgyqE48hghwqCFRtqgrCg+laI+0ggrHSwBR2CPf/yImmeVGyrYt9Wi7XLLI48OACHoARscApq4BrUQQNg8ALewAcYGa/Gu/FpfE1bc0Y2sw/+wPj5Be2WpOY=</latexit><latexit sha1_base64="sBokmXcTCN2C+zuqefGNgqbEEbg=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiBV0oFN24cFEfrYUmhMl02o6dTMLMRCghP+PGX3HjwiKCK3/FaZtFbT1w4XDOvdx7jx8xKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0fKRJIxy0lBUMdKKBEGBz8ijP7ga+4/PREga8gc1jIgboB6nXYqR0pJnnjv3tBcgLynR8tOxQyJJWcihk9yVb5w0deSMm15UHUUDIjPV8syiVbEmgIvEzkgRZKh75sjphDgOCFeYISnbthUpN0FCUcxIWnBiSSKEB6hH2ppypJe5yeTLFB5ppQO7odDFFZyosxMJCqQcBr7uDJDqy3lvLP7ntWPVPXMTyqNYEY6ni7oxgyqE48hghwqCFRtqgrCg+laI+0ggrHSwBR2CPf/yImmeVGyrYt9Wi7XLLI48OACHoARscApq4BrUQQNg8ALewAcYGa/Gu/FpfE1bc0Y2sw/+wPj5Be2WpOY=</latexit>



Polarization

• Equal: Independent of helicity 

• Helicity: Conserves helicity and parity 

• Anti-SM: WIMPs couple to only tight handed electrons 
and left-handed positrons.                     ; All others 



Polarization configuration



Determining coupling scenario

|Pe� | = 0.8
<latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit>

|Pe+ | = 0.3
<latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit>

|Pe+ | = 0.6
<latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit>

|Pe� | = 0.8
<latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit>

|Pe� | = 0.8
<latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit>

|Pe+ | = 0.3
<latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit><latexit sha1_base64="anDTOkrpYuEplZj1ebo9XD6unvI=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQq6EUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47TrnrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz7i2LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPo5yRVw==</latexit>

|Pe+ | = 0.6
<latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit><latexit sha1_base64="w3NkYD1qrvpPB8TBVlyjyGqCn74=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEISQi6kUoevFYwX5AG8tmO2mXbjZxd1MoaX+HFw+KePXHePPfuP04aOuDgcd7M8zMCxLOlHbdb2tpeWV1bT23kd/c2t7ZLeztV1WcSooVGvNY1gOikDOBFc00x3oikUQBx1rQux37tT5KxWLxoAcJ+hHpCBYySrSR/GG5leHj6Wh47ToXrULRddwJ7EXizUgRZii3Cl/NdkzTCIWmnCjV8NxE+xmRmlGOo3wzVZgQ2iMdbBgqSITKzyZHj+xjo7TtMJamhLYn6u+JjERKDaLAdEZEd9W8Nxb/8xqpDq/8jIkk1SjodFGYclvH9jgBu80kUs0HhhAqmbnVpl0iCdUmp7wJwZt/eZFUzxzPdbz782LpZhZHDg7hCE7Ag0sowR2UoQIUnuAZXuHN6lsv1rv1MW1dsmYzB/AH1ucPqCiRWg==</latexit>

|Pe� | = 0.8
<latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit><latexit sha1_base64="PxzaFTTEQx2YK6FghvgS5FYO57U=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvDjMimIsQ9OIxglkgGUNPpyZp0rPY3RMIk3yHFw+KePVjvPk3dpaDJj4oeLxXRVU9PxFcacf5tlZW19Y3NnNb+e2d3b39wsFhTcWpZFhlsYhlw6cKBY+wqrkW2Egk0tAXWPf7txO/PkCpeBw96GGCXki7EQ84o9pI3qjSzvDxfDy6duxSu1B0bGcKskzcOSnCHJV24avViVkaYqSZoEo1XSfRXkal5kzgON9KFSaU9WkXm4ZGNETlZdOjx+TUKB0SxNJUpMlU/T2R0VCpYeibzpDqnlr0JuJ/XjPVQcnLeJSkGiM2WxSkguiYTBIgHS6RaTE0hDLJza2E9aikTJuc8iYEd/HlZVK7sF3Hdu8vi+WbeRw5OIYTOAMXrqAMd1CBKjB4gmd4hTdrYL1Y79bHrHXFms8cwR9Ynz+uRJFe</latexit>



Determining coupling 
scenario



P-Values and coupling 
scenarios



Work at               by 
Moritz :Reconstruction at ECal

In plug reconstructed energy 10% too high

p
s = 500 GeV

<latexit sha1_base64="wuUzpw26gl+Gwuoz3FrxZtxhSHQ=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoheh6EGPFewHNKFstpt26WYTdzdKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuuBSsVicadHCfUj3BcsZARrI3Xtsqfupc7U+OLUcTx0TZtdu+JUnSnQInFzUoEc9a795fVikkZUaMKxUh3XSbSfYakZ4XRc8lJFE0yGuE87hgocUeVn09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3M+YSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jyuuk7VvT2p1C7zOIqwDwdwBC6cQQ1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxVzkzY=</latexit><latexit sha1_base64="wuUzpw26gl+Gwuoz3FrxZtxhSHQ=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoheh6EGPFewHNKFstpt26WYTdzdKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuuBSsVicadHCfUj3BcsZARrI3Xtsqfupc7U+OLUcTx0TZtdu+JUnSnQInFzUoEc9a795fVikkZUaMKxUh3XSbSfYakZ4XRc8lJFE0yGuE87hgocUeVn09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3M+YSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jyuuk7VvT2p1C7zOIqwDwdwBC6cQQ1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxVzkzY=</latexit><latexit sha1_base64="wuUzpw26gl+Gwuoz3FrxZtxhSHQ=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoheh6EGPFewHNKFstpt26WYTdzdKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuuBSsVicadHCfUj3BcsZARrI3Xtsqfupc7U+OLUcTx0TZtdu+JUnSnQInFzUoEc9a795fVikkZUaMKxUh3XSbSfYakZ4XRc8lJFE0yGuE87hgocUeVn09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3M+YSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jyuuk7VvT2p1C7zOIqwDwdwBC6cQQ1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxVzkzY=</latexit><latexit sha1_base64="wuUzpw26gl+Gwuoz3FrxZtxhSHQ=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoheh6EGPFewHNKFstpt26WYTdzdKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7xy7vNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8mfuuBSsVicadHCfUj3BcsZARrI3Xtsqfupc7U+OLUcTx0TZtdu+JUnSnQInFzUoEc9a795fVikkZUaMKxUh3XSbSfYakZ4XRc8lJFE0yGuE87hgocUeVn09PH6NAoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rw3M+YSFJNBZktClOOdIwmOaAek5RoPjIEE8nMrYgMsMREm7RKJgR3/uVF0jyuuk7VvT2p1C7zOIqwDwdwBC6cQQ1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zBH1ifPxVzkzY=</latexit>



Reconstruction at transition 
region of endcap and plug

• in some cases photon reconstruction fails in the transition region of endcap and 
plug

• Azimuthal angle dependence can be expected because of the square shape of 
plug



behaviour

Alright when equals 0,90,180,270 (Photon completely at endcap) 

Alright when      equals 45,135,.. (Photon completely at plug) 

Peaks at transition region 

�
<latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit>

9.3o < ✓ < 12o
<latexit sha1_base64="wlGQDxFXwGZsacGf6WJ2qYNce9A=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZIqqNBF0Y3LCvYBbVom00k7dJIJMzdCLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgut/W0vLK6tp6biO/ubW9s2vv7de0TBVlVSqFVI2AaCZ4zKrAQbBGohiJAsHqweBm4tcfmNJcxvcwTJgfkV7MQ04JGKljH145Z22JS7gFfQYEl7xiW3bsguu4U+BF4mWkgDJUOvZXqytpGrEYqCBaNz03AX9EFHAq2DjfSjVLCB2QHmsaGpOIaX80vX6MT4zSxaFUpmLAU/X3xIhEWg+jwHRGBPp63puI/3nNFMJLf8TjJAUW09miMBUYJJ5EgbtcMQpiaAihiptbMe0TRSiYwPImBG/+5UVSKzqe63h354XydRZHDh2hY3SKPHSByugWVVAVUfSIntErerOerBfr3fqYtS5Z2cwB+gPr8weFzZNU</latexit><latexit sha1_base64="wlGQDxFXwGZsacGf6WJ2qYNce9A=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZIqqNBF0Y3LCvYBbVom00k7dJIJMzdCLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgut/W0vLK6tp6biO/ubW9s2vv7de0TBVlVSqFVI2AaCZ4zKrAQbBGohiJAsHqweBm4tcfmNJcxvcwTJgfkV7MQ04JGKljH145Z22JS7gFfQYEl7xiW3bsguu4U+BF4mWkgDJUOvZXqytpGrEYqCBaNz03AX9EFHAq2DjfSjVLCB2QHmsaGpOIaX80vX6MT4zSxaFUpmLAU/X3xIhEWg+jwHRGBPp63puI/3nNFMJLf8TjJAUW09miMBUYJJ5EgbtcMQpiaAihiptbMe0TRSiYwPImBG/+5UVSKzqe63h354XydRZHDh2hY3SKPHSByugWVVAVUfSIntErerOerBfr3fqYtS5Z2cwB+gPr8weFzZNU</latexit><latexit sha1_base64="wlGQDxFXwGZsacGf6WJ2qYNce9A=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZIqqNBF0Y3LCvYBbVom00k7dJIJMzdCLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgut/W0vLK6tp6biO/ubW9s2vv7de0TBVlVSqFVI2AaCZ4zKrAQbBGohiJAsHqweBm4tcfmNJcxvcwTJgfkV7MQ04JGKljH145Z22JS7gFfQYEl7xiW3bsguu4U+BF4mWkgDJUOvZXqytpGrEYqCBaNz03AX9EFHAq2DjfSjVLCB2QHmsaGpOIaX80vX6MT4zSxaFUpmLAU/X3xIhEWg+jwHRGBPp63puI/3nNFMJLf8TjJAUW09miMBUYJJ5EgbtcMQpiaAihiptbMe0TRSiYwPImBG/+5UVSKzqe63h354XydRZHDh2hY3SKPHSByugWVVAVUfSIntErerOerBfr3fqYtS5Z2cwB+gPr8weFzZNU</latexit><latexit sha1_base64="wlGQDxFXwGZsacGf6WJ2qYNce9A=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFZIqqNBF0Y3LCvYBbVom00k7dJIJMzdCLcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgut/W0vLK6tp6biO/ubW9s2vv7de0TBVlVSqFVI2AaCZ4zKrAQbBGohiJAsHqweBm4tcfmNJcxvcwTJgfkV7MQ04JGKljH145Z22JS7gFfQYEl7xiW3bsguu4U+BF4mWkgDJUOvZXqytpGrEYqCBaNz03AX9EFHAq2DjfSjVLCB2QHmsaGpOIaX80vX6MT4zSxaFUpmLAU/X3xIhEWg+jwHRGBPp63puI/3nNFMJLf8TjJAUW09miMBUYJJ5EgbtcMQpiaAihiptbMe0TRSiYwPImBG/+5UVSKzqe63h354XydRZHDh2hY3SKPHSByugWVVAVUfSIntErerOerBfr3fqYtS5Z2cwB+gPr8weFzZNU</latexit>

�
<latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit><latexit sha1_base64="lbZtlfIMSkLZDhkbVPebP+XlnW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5/XTMa4N6w226c5BV4pWkASXag/pXf5iwLEZpmKBa9zw3NUFOleFM4KzWzzSmlE3oCHuWShqjDvL5sTNyZpUhiRJlSxoyV39P5DTWehqHtjOmZqyXvUL8z+tlJroOci7TzKBki0VRJohJSPE5GXKFzIipJZQpbm8lbEwVZcbmU4TgLb+8SjoXTc9teveXjdZNGUcVTuAUzsGDK2jBHbTBBwYcnuEV3hzpvDjvzseiteKUM8fwB87nD0k3jlM=</latexit>



My test sample



Future Plans

Produce new corrected physics samples  

Carry out the WIMP search at ILC 
p
s = 250 GeV

<latexit sha1_base64="GpA7+fJzRLewwKNMduPjG2encWg=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJKi6EUoetBjBfsBTSib7aRdutnE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439bS8srq2npho7i5tb2za5f2mipOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysYXk381gNIxWJxp0cJ+BHpCxYySrSRunbJU/dSZ2p8UT11PHwNza5ddirOFHiRuDkpoxz1rv3l9WKaRiA05USpjusk2s+I1IxyGBe9VEFC6JD0oWOoIBEoP5uePsZHRunhMJamhMZT9fdERiKlRlFgOiOiB2rem4j/eZ1Uh+d+xkSSahB0tihMOdYxnuSAe0wC1XxkCKGSmVsxHRBJqDZpFU0I7vzLi6RZrbhOxb09Kdcu8zgK6AAdomPkojNUQzeojhqIokf0jF7Rm/VkvVjv1sesdcnKZ/bRH1ifPxiEkzg=</latexit><latexit sha1_base64="GpA7+fJzRLewwKNMduPjG2encWg=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJKi6EUoetBjBfsBTSib7aRdutnE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439bS8srq2npho7i5tb2za5f2mipOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysYXk381gNIxWJxp0cJ+BHpCxYySrSRunbJU/dSZ2p8UT11PHwNza5ddirOFHiRuDkpoxz1rv3l9WKaRiA05USpjusk2s+I1IxyGBe9VEFC6JD0oWOoIBEoP5uePsZHRunhMJamhMZT9fdERiKlRlFgOiOiB2rem4j/eZ1Uh+d+xkSSahB0tihMOdYxnuSAe0wC1XxkCKGSmVsxHRBJqDZpFU0I7vzLi6RZrbhOxb09Kdcu8zgK6AAdomPkojNUQzeojhqIokf0jF7Rm/VkvVjv1sesdcnKZ/bRH1ifPxiEkzg=</latexit><latexit sha1_base64="GpA7+fJzRLewwKNMduPjG2encWg=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJKi6EUoetBjBfsBTSib7aRdutnE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439bS8srq2npho7i5tb2za5f2mipOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysYXk381gNIxWJxp0cJ+BHpCxYySrSRunbJU/dSZ2p8UT11PHwNza5ddirOFHiRuDkpoxz1rv3l9WKaRiA05USpjusk2s+I1IxyGBe9VEFC6JD0oWOoIBEoP5uePsZHRunhMJamhMZT9fdERiKlRlFgOiOiB2rem4j/eZ1Uh+d+xkSSahB0tihMOdYxnuSAe0wC1XxkCKGSmVsxHRBJqDZpFU0I7vzLi6RZrbhOxb09Kdcu8zgK6AAdomPkojNUQzeojhqIokf0jF7Rm/VkvVjv1sesdcnKZ/bRH1ifPxiEkzg=</latexit><latexit sha1_base64="GpA7+fJzRLewwKNMduPjG2encWg=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJKi6EUoetBjBfsBTSib7aRdutnE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439bS8srq2npho7i5tb2za5f2mipOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysYXk381gNIxWJxp0cJ+BHpCxYySrSRunbJU/dSZ2p8UT11PHwNza5ddirOFHiRuDkpoxz1rv3l9WKaRiA05USpjusk2s+I1IxyGBe9VEFC6JD0oWOoIBEoP5uePsZHRunhMJamhMZT9fdERiKlRlFgOiOiB2rem4j/eZ1Uh+d+xkSSahB0tihMOdYxnuSAe0wC1XxkCKGSmVsxHRBJqDZpFU0I7vzLi6RZrbhOxb09Kdcu8zgK6AAdomPkojNUQzeojhqIokf0jF7Rm/VkvVjv1sesdcnKZ/bRH1ifPxiEkzg=</latexit>


