Recoil mass analysis to prove performance
not to be different between SIECAL and SCECAL

July, 18, 2014
T. Ogawa

Today’s report :
= Analysis of invisible higgs decay with two ECAL options.
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My Motivation

1. My motivation is to compare performance between SiECAL and SCECAL
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- JER b/w Si and Sc is slightly difference, ~ 0.3%.

- Sc has problem due to fake hits.
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2. Invisible Higgs decays

- For detectors.

S

H > invisible

- Jet Energy Resolution is essential.

- For physics.

- It is clear signal for new physics.
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My Simulation condition & Analysis flow

1. Simulation condition.
- Analysis process is ZH = qqH (H = inv).

- Vs is 250GeV(L=250fbA-1), 350GeV(L=350fb"-1).
Beam polarization is (-0.8, +0.3)

- All sample are full reconstructed by using SIECAL and SCECAL.

Sig) ZH = qgH : H = invisible decay. ( For how, H->ZZ->vvwv. )
| assumed Br is10%.

- Also | generated only most dominant BG by using each ECal.

BG) 77—qgll, Zvw—=qqgqvv, WW—=qgll, Wev—=qggeyv,

2. Cross section.

V/5=250GeV, L=250fb~1, P(e7,e")=P(—0.8, +0.3) V/5=350GeV, L=350fb~ !, P(e7,eT)=P(—0.8,40.3)

Process o(fb) o-L Process o(fb) o-L

ZH — qqHiny 21.2 5300 ZH — qqHiny 13.7 3425

ZH — qqH (SM) | 212.2 - 21.2 | 53058 - 5300 ZH — qqH (SM) | 137.7 - 13.7 | 34425 - 3425
ZH — wH (SM) 78.3 1.9x10* ZH — vwH (SM) 99.6 2.5%x10%
ZZ — qql 685.4 1.7x10° ZZ — qql 470.8 1.2x105
Zvv — qqw 272.3 6.8x10% Zv — qqw 356.4 8.9x10°
WW — qqll 10955 2.7x10° WW — qqll 8090.6 2.0x109
Wev — qqev 5910.1 1.5x109 Wev — qqev 4963.8 1.2x10°
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Signal: Z mass and Recoil mass @ v/s=250GeV

1. Comparison of Z mass.

- Si ECal: Sigma with B-w ~ 9.08GeV.
(Mean with B-W 91.4GeV)
Resolution ~ 9.9%.

- Sc ECal: Sigma with B-w ~ 9.60GeV.
(Mean with B-W 90.9GeV)
Resolution ~ 10.5%.

2. Comparison of Recoil mass.

- St ECal: Sigma with GPET ~ 4.90GeV.
(Mean with GPET 126.0GeV)

- Sc ECal: Sigma with GPET ~ 4.91GeV.
(Mean with GPET 126.9GeV)
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Signal: Z mass and Recoil mass @ v/s=350GeV

1. Comparison of Z mass.

-
&
-1 & /
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_SiECal: Sigma withew ~9.07GeV. g —————————y g T .
. & ; | & |
(Mean with B-W 92.0GeV) E W/ SIECal 1 E ;V(/)GSCEcal ]
° 1500 350GeVZH—qqH, - 1500 - S0GeV ZH—qqH, | -
Re SO I u tl O n ~ 9 ° 4 8 % ° Z Fitted with Breit-Wigner : Z Fitted with Breit-Wigner :
L 2/ ndf 14.06/9 : - %2 / ndf 27.19/9 :
1000~ po 2920 = 36.0 7] 10001~ po 2876 =352 7
° sigma K + i sigma 9.593 +0.216 i
- SC Ecal: Slgma With B_W ~ 9. 5 9GeVo mgel:ﬂ 99026.;9 10(.)2.(1); - mgel:ﬂ 91.62 +0.09 o
(Mean with B-W 91.6GeV) 5001 7 500F 7
Resolution ~ 9.55%. L
40 60 80 — l(l)0 — 120 04(-)- - 60 — 80 ) I(I)O — 120
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2. Comparison of Recoil mass.
F T F: — T
gt w/ SiECal : £600[- w/ScECal -
=500 350GeV ZH—qqH, | - = 350GV ZH—-qqH,, |
. . Recoil Fitted with GPET] X Recoil Fitted with GPET ]
- SI Ecal: Slgma With GPET ~ 1 O.7Gev. 400 o/ mdf 4124743 4 400 - x2/ ndf 3509/43 =
. amplitude 5991 +7.8 h L amplitude 6112 74 4
(Mean with GPET 125.7GeV) 300 7 =02 3 eyl
03985 =01026 1 i 03808 = 00784 ]
200 _: 200 02103 = 0.1447 =]
- Sc ECal: Sigma with GPET~ 10.1GeV. 1w E
1 106 — 12IO — 14;0 . . 1&0 — 1-80 100' — 12I() — 14;0 . . 1&0 — 180
(Mean Wlth GPET 1 27'766\/) Recoil Mass [GeV] Recoil Mass [GeV]
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Recoil Distribution with BG @ +/s=250GeV

1. Recoil Distribution with BG.
R

Si ECAL @ 250 GeV

Sc ECAL @ 250 GeV

Cuts(%) ZH — qqHiny | ZH —qqH | ZH - vwH | ZZ — qqll | Zvw — qqw | WW — qqll | Wev — qqev Cuts(%) ZH — qqHjnv | ZH —qqH | ZH — wH | ZZ — qqll | Zvv — qqvv | WW — qqll | Wev — qqev
No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0 No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.1 92.3 80.0 99.8 54.6 29.6 + lIso lepton veto=0 99.8 92.0 92.2 80.0 99.8 54.5 30.6
+ 1.5<—LogY3<10.5 99.8 83.7 88.3 78.8 99.6 54.5 205 + 1.5<—LogY23<10.5 99.8 83.5 89.2 79.2 99.8 54.3 305
+ 20<#PFOs <75 98.0 16.7 74.6 76.0 95.0 53.8 29.2 + 20<#PFOs <75 97.8 14.9 72.4 76.0 95.0 53.4 30.1
+ |cosbiet1|<0.95 85.7 15.3 67.4 63.9 84.1 413 18.7 + |cosBiet1|<0.95 85.5 13.6 65.4 63.7 84.1 411 19.4
+ |cosBiet1a|<0.1 84.7 15.3 66.8 60.7 78.4 39.0 18.0 + |cosbier1a|<0.1 84.6 13.6 64.8 60.4 78.3 38.9 18.7
+ |cosfiz|<0.95 81.4 14.2 63.6 52.9 70.7 34.7 17.0 + |costiz|<0.95 81.3 12.7 61.7 52.8 70.5 345 17.7
+ 75<Mz<105 75.4 14.0 50.0 51.0 66.7 34.0 16.9 + 75<Mz<105 75.3 12.4 47.2 50.7 66.4 33.8 17.6
+ 75<Ez<105 75.1 4.24 15.5 343 59.4 9.10 4.00 + 75<Ez<105 75.0 3.54 15.3 34.8 60.3 9.03 4.50
+ P2, <7000 747 0.21 8.67 26.2 53.1 2.47 0.13 + Pt2,, <7000 74.7 0.17 9.00 26.9 54.4 2.63 0.13
+ BDT<0.0 74.4 0.19 8.14 7.93 26.9 0.98 0.05 + BDT<0.0 74.4 0.15 8.30 7.91 26.9 0.99 0.05
+ 110<Mrecoil <160 74.1 0.19 7.88 7.84 26.2 0.95 0.05 + 110<Mrecoil <160 74.1 0.15 8.00 7.83 26.3 0.98 0.05
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Recoil Distribution with BG @ v/s=350GeV

1. Recoil Distribution with BG.

Si ECAL @ 350 GeV

Sc ECAL @ 350 GeV

Cuts(%) ZH — qqHin | ZH —qqH | ZH — wH | ZZ — qqll | Zvww — qqvwv | WW — qqll | Wev — qqev Cuts(%) ZH — qqHinv | ZH —qqH | ZH — wH | ZZ — qqll | Zvww — qqvwv | WW — qqll | Wev — qqev
No cut 100.0 100.0 - 100.0 100.0 100.0 100.0 No cut 100.0 100.0 100 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.9 91.9 - 80.5 99.8 59.0 38.7 + lIso lepton veto=0 99.8 92.0 92.3 80.5 99.8 58.8 40.1
+ 2.0<—LogY23<11.0 99.5 72.9 - 77.9 99.2 58.3 38.3 + 2.0<—LogY23<11.0 99.6 79.7 88.5 79.0 99.4 58.2 39.7
+ 15<#PFOs <90 99.2 28.1 - 77.2 98.2 58.2 38.2 + 15<#PFOs <90 99.3 26.6 80.6 78.1 98.4 58.1 39.7
+ |cosbet1[<0.92 83.1 25.6 - 48.5 74.4 26.3 11.8 + |cosbet1[<0.92 83.3 24.2 66.7 48.8 74.6 26.2 12.6
+ |cosbet12|<0.92 82.3 4.48 - 37.6 70.5 13.3 6.02 + |cosbet12|<0.92 82.4 4.04 62.6 37.5 70.5 13.3 6.35
+ |cosfz|<0.92 80.1 3.13 - 29.5 59.0 10.4 4.86 + |cosfz|<0.92 80.3 2.95 57.0 29.3 59.2 10.4 5.16
+ 80<Mz<100 63.9 2.05 - 22.2 48.4 4.90 3.30 + 80<Mz<100 64.3 1.86 6.87 22.1 48.6 4.72 3.45
+ 90<Ez<210 63.7 0.36 - 20.4 46.3 1.77 1.01 + 90<Ez<210 64.1 0.37 5.94 20.5 46.4 1.81 1.10
+ P2,,<6000 63.6 0.36 - 20.3 447 1.76 1.01 + P2,,<6000 64.0 0.37 5.23 20.4 44.8 1.80 1.09
+ BDT<-0.1 62.5 0.36 - 16.9 36.7 1.46 0.86 + BDT<-0.1 63.5 0.37 4.70 19.2 40.9 1.71 1.05
+ 90<Mrecoil<180 57.1 0.33 - 10.7 14.2 0.75 0.56 + 90<Mrecoil<180 57.9 0.34 1.63 12.9 15.8 0.88 0.66
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ToyMC Estimation of Ao/o & Upper Limit

1. Decision of function shape.

Sig: GPET  BG: Pol4

FittingFunc: Nsig * Fsig(Fix GPET) + Nbg * Fbg(Fix Pol4)"

2. ToyMC.

Ao/o:

ToyMC: Xsig (Poisson)* Fsig(Fix GPET)

(This may be wrong?)
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2 Fit with fitting function and Pull out parameter “Nsig"
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Precision of Ao/o & Upper Limit of BR@>invisible) @ vs=250GeV

1. Ao/o.

toy_NEv
Si: AO-/ O- = 6.04% 80_— ZH—>quinv w/Si | : ZH—qqH_  w/Sc ;
B Xsection error(%) = 6.04 | —_ Xsection eI:':or(%) = 6.26_—
Sc: AG/o = 6.26% -
403_ E 40:— -
20:— ] 20:— ]
g(;00I . 35I00I I I40I00I — I4500 50_00 ?000 “ I35I()0I — I40I00I — I45I()0 5000
2. Upper limit .
upperlimit C.L.95 %
o= —% BR(H — invisible) = invisible
fL o(ete —» ZH)
Si: €_s1g=74.1[%], N_sIig=466 )
toy_uplim toy_uplim
> 0= 2.53[fb] 150 L 150 g e
i ) Mean 2027 £159 | i ZH—>qqH,_ wi/Sc Isvg::‘ ;;8;8:1.16: ]
BR(H->invisible) < 1.21% @ 95% C.L. o e e -
100 Nig =470 o -
Sc: € sig=74.1[%], N_sig=482 :
> o0 = 2.60[fb] : - b,
. o o -?OOOI - -500I I 0 I I500 1000 -?000I -500I I 0 I I500 I1000
BR(H->invisible) < 1.24% @ 95% C.L.
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Precision of Ao/o & Upper Limit of BR@>invisible) @ vs=350GeV

1. Ao/o. For now, the result is strange

toy_NEv
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100 —

r ZH—>qui“v w/Si
[ Xsection error(%) = 14.80

Si: Ac/o = 14.8%

40

80

Sc: Ao/o=12.9%

201

L T
00 1000 2000 3000

2. Upper limit .
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Summary

1. 1 analyzed invisible Higgs decay with two ECAL options.

1. For 250GeV case, performance of both ECALs seems to be almost same.

1. For 350GeV case, | need to check some parts and have to fix it.

1. Estimation method of upper limit should be fixed.

1. Summarize this higgs invisible analysis as possible as | can.
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