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My Motivation - ILD ECAL

1. We have two ECAL candidates as ILD ECAL.

- Most of people show us JER to compare performance.

2. JER is also different.

Chapter 5. ILD Costs

Table 5.3.2: Cost table of the electromagnetic calorimeter.

SiECAL ScECAL

Cost

Item [kILCU]

Tungsten 16310

Carbon fiber structure 2130

Silicon sensors 75000

Readout ASIC 16500

Readout Board 21000

Materials 1300

Cables, connectors 2220

Tooling 9300

Assembly 13500

Integration 500

Cost

Item [kILCU]

Tungsten + carbon parts 18500

Module realisation 1700

Scintillators 1030

Photo Detectors 10200

Readout ASIC 2500

Readout Board 25000

Readout System 6200

Cables, connectors 1000

Power supplies 4100

Tooling 3800

Sum SiECAL 157760 Sum ScECAL 74000

For the Scintillator based option of the electromagnetic calorimeter the silicon
based photon detectors are a major expense. Quotes have been obtained from in-
dustrial suppliers for the large number of detectors needed for the complete system.
Current small scale production runs result in prices per detector of around 10 EUR,
but it seems realistic to expect that a reduction to a level of 1 EUR/ channel can
be realised. The assembly procedures for the scintillator ECAL are not yet as well
understood as for the Si based ECAL. At the moment no estimate of the assembly
cost for the scintillator planes is included in the cost estimate.

The hadronic calorimeter has been costed in both options, the analogue(AHCAL)
and the semi-digital option (SDHCAL). The main cost items for both versions are
shown in table 5.3.3. For both AHCAL and SDHCAL significant prototypes have
been built, which provide important information for the cost estimate. For the
AHCAL the same cost of 1 ILCU/ piece is used for the SiPM as for the ScECAL
version discussed above. More detailed work has been done for both options for the
barrel part of the calorimeter. The cost of the end-caps has been estimated based on
the sensitive area and the total system weight. A significant part of the cost is the
readout boards, which are for both options complex large multi layer printed circuit
boards. The quoted prices are based on several independent quotes and on actual
experience with the prototypes.

In the very forward region two small calorimeter systems close the coverage, Lu-
miCal, BeamCal. LumiCal and BeamCal have been carefully studied and costed. A
major cost item are the sensors, which are based on silicon and diamond technology.
In total a cost of 8.05 MILCU is estimated. Note that ILD discusses the possibilty to

168 ILD DBD

- Big difference is the cost.
- The cost of SiECAL is more than twice larger.
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- We should know !
   how large  this difference effects on physics 

- The difference of  JER at 100 GeV jet is about 0.25% .

2. It is clear signal for new physics if we can confirm sizable invisible Higgs decay.

-  Final state has only two jets
-  We can compare physics performance of ECAL simply.

- For detectors.   Jet Energy Resolution is essential.
- For physics.      It is clear signal for new physics.
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Simulation condition
1. Condition 

- Signal : e+e- ! ZH, Z!qq, H!Invisible (!ZZ*!4ν ger).

2.  Process 

- BackGround : ZZ semileptonic :    one Z!qq, the other Z!ll,.!
                               WW semileptonic :    one W!qq, the other W!lν	


                                Zνeνe,   Z!qq       Weνe,   W!qq!
                                ZH!ννH              ZH ! qqh

All process is full reconstructed by using each ECAL. 

2.  Cross section 

ECM = 250GeV and 350GeV. 

Beam polarization P(e+,e-)= (-30%, +80%). 

1 Introduction and Motivation

2 Analysis framework and Simulation condition

√
s=250GeV, L=250fb−1, P(e−, e+)=P(−0.8,+0.3)

Process σ(fb) σ · L
ZH → qqHinv 21.2 5300
ZH → qqH (SM) 212.2 - 21.2 53058 - 5300
ZH → vvH (SM) 78.3 1.9×104

ZZ → qqll 685.4 1.7×105

Zvv → qqvv 272.3 6.8×104

WW → qqll 10955 2.7×106

Wev → qqev 5910.1 1.5×106

√
s=350GeV, L=350fb−1, P(e−, e+)=P(−0.8,+0.3)

Process σ(fb) σ · L
ZH → qqHinv 13.7 3425
ZH → qqH (SM) 137.7 - 13.7 34425 - 3425
ZH → vvH (SM) 99.6 2.5×104

ZZ → qqll 470.8 1.2×105

Zvv → qqvv 356.4 8.9×105

WW → qqll 8090.6 2.0×106

Wev → qqev 4963.8 1.2×106

Table 1: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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Signal: Z & H @ √s=250GeV

 / ndf 2r  37.19 / 35
amplitude  15.2±  1386 
mean      0.1± 126.1 
sigma     0.09±  4.86 
boundary  0.0167± 0.4067 
connection  0.040± 0.382 
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 / ndf 2r  37.19 / 35

amplitude  15.2±  1386 
mean      0.1± 126.1 
sigma     0.09±  4.86 
boundary  0.0167± 0.4067 
connection  0.040± 0.382 

 / ndf 2r  37.19 / 35
amplitude  15.2±  1386 
mean      0.1± 126.1 
sigma     0.09±  4.86 
boundary  0.0167± 0.4067 
connection  0.040± 0.382 

w/ SiECal 
inv

qqHA250GeV ZH

Recoil Fitted with GPET

 / ndf 2r   32.5 / 35
amplitude  14.5±  1376 
mean      0.1± 126.9 
sigma     0.087± 4.791 
boundary  0.016± 0.414 
connection  0.0442± 0.3138 
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 / ndf 2r   32.5 / 35

amplitude  14.5±  1376 
mean      0.1± 126.9 
sigma     0.087± 4.791 
boundary  0.016± 0.414 
connection  0.0442± 0.3138 

 / ndf 2r   32.5 / 35
amplitude  14.5±  1376 
mean      0.1± 126.9 
sigma     0.087± 4.791 
boundary  0.016± 0.414 
connection  0.0442± 0.3138 

w/ ScECal 
inv

qqHA250GeV ZH
Recoil Fitted with GPET

 / ndf 2r  10.82 / 15
p0        25.6±  2095 
sigma     0.185± 9.309 
mean      0.05± 91.39 
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 / ndf 2r  10.82 / 15

p0        25.6±  2095 
sigma     0.185± 9.309 
mean      0.05± 91.39 

 / ndf 2r  10.82 / 15
p0        25.6±  2095 
sigma     0.185± 9.309 
mean      0.05± 91.39 

w/ SiECal 
inv

qqHA250GeV ZH
Z Fitted with Breit-Wigner

 / ndf 2r  18.54 / 15
p0        25.4±  2056 
sigma     0.192± 9.501 
mean      0.05± 90.91 
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 / ndf 2r  18.54 / 15

p0        25.4±  2056 
sigma     0.192± 9.501 
mean      0.05± 90.91 

 / ndf 2r  18.54 / 15
p0        25.4±  2056 
sigma     0.192± 9.501 
mean      0.05± 90.91 

w/ ScECal 
inv

qqHA250GeV ZH
Z Fitted with Breit-Wigner

1. Comparison only signal

- Si:  σ with B-W ~ 9.31 GeV. !
      (Mean with B-W 91.4GeV)!

          Mass resolution ~ 10.2%. 

- Sc:  σ with B-W ~ 9.50 GeV. !
      (Mean with B-W 90.9GeV)!

          Mass resolution ~ 10.4%. 

Degradation of resolution is 2%

- Si:  σ with GPET ~ 4.86 GeV. !
      (Mean 126.1GeV)!

          Mass resolution ~ 3.9%. 

- Sc:  σ with GPET ~ 4.79 GeV. !
      (Mean 126.9GeV)!

          Mass resolution ~ 3.8%. 

Degradation of resolution is ?%
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Signal: Z & H @ √s=350GeV

siR
Entries  25000

 / ndf 2r   43.6 / 43
amplitude  9.9± 794.6 
mean      0.2± 125.6 
sigma     0.28± 10.77 
boundary  0.0283± 0.2863 
connection  0.0531± 0.4783 

Recoil Mass [GeV]
100 150 200 250

 E
nt

ri
es

0

200

400

600

800

1000
siR

Entries  25000
 / ndf 2r   43.6 / 43

amplitude  9.9± 794.6 
mean      0.2± 125.6 
sigma     0.28± 10.77 
boundary  0.0283± 0.2863 
connection  0.0531± 0.4783 

siR
Entries  25000

 / ndf 2r   43.6 / 43
amplitude  9.9± 794.6 
mean      0.2± 125.6 
sigma     0.28± 10.77 
boundary  0.0283± 0.2863 
connection  0.0531± 0.4783 

w/ SiECal 
inv

qqHA350GeV ZH
Recoil Fitted with GPET

scR
Entries  25000

 / ndf 2r  43.64 / 43
amplitude  9.4± 815.1 
mean      0.2± 127.7 
sigma     0.25± 10.13 
boundary  0.0255± 0.3928 
connection  0.0653± 0.1857 
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 / ndf 2r  43.64 / 43

amplitude  9.4± 815.1 
mean      0.2± 127.7 
sigma     0.25± 10.13 
boundary  0.0255± 0.3928 
connection  0.0653± 0.1857 

scR
Entries  25000

 / ndf 2r  43.64 / 43
amplitude  9.4± 815.1 
mean      0.2± 127.7 
sigma     0.25± 10.13 
boundary  0.0255± 0.3928 
connection  0.0653± 0.1857 

w/ ScECal 
inv

qqHA350GeV ZH
Recoil Fitted with GPET

siZ
Entries  25000

 / ndf 2r  16.84 / 15
p0        24.5±  1937 
sigma     0.194± 9.277 
mean      0.06± 92.15 
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siZ

Entries  25000
 / ndf 2r  16.84 / 15

p0        24.5±  1937 
sigma     0.194± 9.277 
mean      0.06± 92.15 

siZ
Entries  25000

 / ndf 2r  16.84 / 15
p0        24.5±  1937 
sigma     0.194± 9.277 
mean      0.06± 92.15 

w/ SiECal 

inv
qqHA350GeV ZH

Z Fitted with Breit-Wigner

scZ
Entries  25000

 / ndf 2r  15.74 / 15
p0        24.2±  1905 
sigma     0.210± 9.776 
mean      0.06± 91.59 
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scZ

Entries  25000
 / ndf 2r  15.74 / 15

p0        24.2±  1905 
sigma     0.210± 9.776 
mean      0.06± 91.59 

scZ
Entries  25000

 / ndf 2r  15.74 / 15
p0        24.2±  1905 
sigma     0.210± 9.776 
mean      0.06± 91.59 

w/ ScECal 

inv
qqHA350GeV ZH

Z Fitted with Breit-Wigner

1. Comparison only signal

- Si:  σ with B-W ~ 9.23 GeV. !
      (Mean with B-W 92.1GeV)!

          Mass resolution ~ 10.0%. 

- Sc:  σ with B-W ~ 9.78 GeV. !
      (Mean with B-W 91.6GeV)!

          Mass resolution ~ 10.7%. 

Degradation of resolution is 7%

- Si:  σ with GPET ~ 10.8 GeV. !
      (Mean 125.6GeV)!

          Mass resolution ~ 8.6%. 

- Sc:  σ with GPET ~ 10.1 GeV. !
      (Mean 127.7GeV)!

          Mass resolution ~ 7.9%. 

Degradation of resolution is ?%
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Cut variables

get mu-pair or not == 1!
100<zenergy<144!
87<zmass<96!
50<ptdilep<115!
0.94<fabs(costhetamm)   !
0.94<fabs(costhetamp)  !
-0.95<costhetammp<-0.3 !
0.94<fabs(costhetaZ                 !
3.0<acoplanarity                 !
1.8<acollinearity<2.8!
120<visenergy<280            

-0.07~-0.05<MVAoutput               !

After applied above cut

Using remaining events + variable”recoil”,!
Do TMVA training

Change this parameter to set same S/N ratio for each model. 

1. Cut variables to suppress BG
250GeV

Same cut applied !
for both ECALs
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Cut variables
- I f I apply more tight cut by using BDT parameter,!
   it will be more difficult to fit BG  with well known function.

 [GeV]recoil M
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-1Ldt=250fb0=250GeV  s

- For now I do not use  BDT parameter.!
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Recoil Dist with BG @ √s=250GeV

cut&process   ! qqh_inv!_zh_qqh!_zh_vvh!_zz_sl! _zvv_sl! _ww_sl! _wev_sl!          
# Raw MCdata ! #25k! #25k! #25k! #60k! #60k! #600k! #60k!                               
# xsection ! ! 21.2!! 212.2! 78.3!! 685.4! 272.3! 10954.8! 5910.1!                                            
lepveto   ! ! 99.808! 92.004! 92.180! 79.975! 99.825! 54.554! 30.587!                                   
logy23   !! ! 99.332! 57.436! 84.886! 74.090! 98.752! 49.978! 28.855!                                    
zenergy  !  ! 94.928! 0.380! 19.849! 34.610! 68.209! 3.735!! 0.233!                                    
zmass   ! ! ! 89.480! 0.228! 10.299! 30.525! 61.728! 3.130!! 0.162!                                       
ptdijet   !! ! 87.588! 0.220! 9.762! 27.707! 57.239! 2.813!! 0.152!                                        
costhetaj0   ! ! 82.656! 0.208! 9.330! 25.347! 53.408! 2.449!! 0.132!                                  
costhetaj1   ! ! 76.164! 0.188! 8.697! 23.987! 50.829! 2.305!! 0.122!                                  
costhetaj01   !! 74.536! 0.188! 8.557! 16.603! 40.184! 1.438!! 0.083!                                
costhetaZ   ! ! 71.136! 0.172! 8.072! 14.543! 35.782! 1.238!! 0.075!                                   
visenergy   ! ! 71.036! 0.172! 7.924! 14.525! 35.732! 1.237!! 0.075!                                   
#Remaining!  ! #3764! #91! ! #1544! #17661! #20447! #27892! #1083!                              

cut&process   ! qqh_inv!_zh_qqh!_zh_vvh!_zz_sl! _zvv_sl! _ww_sl! _wev_sl!          
# Raw MCdata ! #25k! #25k! #25k! #60k! #60k! #600k! #60k!                               
# xsection ! ! 21.2!! 212.2! 78.3!! 685.4! 272.3! 10954.8! 5910.1!                                            
lepveto   ! ! 99.796! 92.100! 92.251! 79.999! 99.818! 54.815! 29.602!                                   
logy23   !! ! 98.668! 60.624! 82.319! 73.434! 97.715! 50.152! 27.908!                                    
zenergy   ! ! 94.540! 0.364! 17.990! 31.943! 64.043! 3.293!! 0.237!                                    
zmass   ! ! ! 89.148! 0.236! 9.616! 28.023! 57.921! 2.749!! 0.162!                                         
ptdijet   !! ! 87.240! 0.224! 9.107! 25.335! 53.809! 2.475!! 0.147!                                        
costhetaj0   ! ! 82.084! 0.216! 8.670! 23.141! 50.189! 2.162!! 0.132!                                  
costhetaj1   ! ! 75.692! 0.196! 8.169! 21.899! 47.691! 2.039!! 0.122!                                  
costhetaj01   !! 74.040! 0.192! 8.045! 15.262! 38.116! 1.311! ! 0.085!                                
costhetaZ   ! ! 70.524! 0.180! 7.600! 13.366! 33.984! 1.132!! 0.077!                                   
visenergy   ! ! 70.464! 0.180! 7.420! 13.352! 33.954! 1.132!! 0.077!                                   
recoil   	 70.456	 0.180	7.384	9.450	28.340	 0.950	0.070	         

#Remaining!  ! #3734! #95! ! #1445! #16193! #19294! #26003! #1034!                              
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1. Recoil mass distribution.

Nsig: 3734  Nbg: 64068  SN: 0.06

Nsig: 3764  Nbg: 68721  SN: 0.05
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Recoil Dist with BG @ √s=350GeV

cut&process   ! qqh_inv!_zh_qqh!_zh_vvh!_zz_sl! _zvv_sl! _ww_sl! _wev_sl!          
# Raw MCdata ! #25k! #25k! #25k! #60k! #60k! #600k! #60k!                               
# xsection ! ! 13.7!! 137.7! 99.6!! 470.8! 356.4! 8090.6! 4963.8!                                            
lepveto   ! ! 99.872! 91.948! 92.629! 80.532! 99.828! 59.113! 38.680!                                   
logy23   !! ! 98.824! 72.864! 85.337! 77.529! 98.693! 58.477! 38.273!                                    
zenergy   ! ! 94.620! 0.796! 72.351! 49.531! 73.375! 11.512! 3.145!                                    
zmass   ! ! ! 86.396! 0.164! 12.470! 42.225! 65.689! 6.073!! 1.748!                                       
ptdijet   !! ! 84.816! 0.164! 11.968! 38.892! 62.481! 5.144!! 1.542!                                      
costhetaj0   ! ! 80.788! 0.160! 11.281! 32.630! 55.653! 3.813!! 1.070!                                
costhetaj1   ! ! 76.292! 0.156! 10.528! 30.575! 52.471! 3.519!! 0.903!                                
costhetaj01   !! 54.480! 0.112! 8.811! 17.946! 39.118! 1.558!! 0.428!                                
costhetaZ   ! ! 53.316! 0.108! 8.217! 14.937! 33.434! 1.201!! 0.340!                                   
visenergy   ! ! 53.204! 0.108! 7.807! 14.904! 33.354! 1.199!! 0.338!                                   
#Remaining!  ! #2193! #38! ! #1123! #11504! #15028! #12331! #1853!                              
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cut&process   ! qqh_inv!_zh_qqh!_zh_vvh!_zz_sl! _zvv_sl! _ww_sl! _wev_sl!          
# Raw MCdata ! #25k! #25k! #25k! #60k! #60k! #600k! #60k!                               
# xsection ! ! 13.7!! 137.7! 99.6!! 470.8! 356.4! 8090.6! 4963.8!                                            
lepveto   ! ! 99.836! 92.008! 92.302! 80.508! 99.832! 58.883! 40.100!                                   
logy23   !! ! 99.524! 79.696! 86.932! 78.832! 99.267! 58.309! 39.724!                                    
zenergy   ! ! 95.324! 0.884! 74.915! 50.503! 73.580! 12.299! 3.537!                                    
zmass   ! ! ! 86.856! 0.176! 13.659! 42.685! 65.706! 6.273!! 1.939!                                       
ptdijet   !! ! 85.444! 0.176! 13.053! 39.355! 62.449! 5.289!! 1.701!                                      
costhetaj0   ! ! 81.400! 0.168! 12.277! 33.163! 55.646! 3.967!! 1.196!                                
costhetaj1   ! ! 76.920! 0.160! 11.351! 31.060! 52.503! 3.652!! 1.019!                                
costhetaj01   !! 55.136! 0.116! 9.334! 18.292! 39.194! 1.626!! 0.484!                                
costhetaZ   ! ! 53.964! 0.112! 8.709! 15.247! 33.492! 1.250!! 0.390!                                   
visenergy   ! ! 53.824! 0.112! 8.183! 15.182! 33.376! 1.247!! 0.387!                                   
#Remaining!  ! #2234! #40! ! #1158! #13344! #15709! #14114! #1969!                              

1. Recoil mass distribution.

Nsig: 2193  Nbg: 41880  SN: 0.05

Nsig: 2234  Nbg: 46337  SN: 0.05
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 / ndf 2r  59.64 / 58
p9        228.6± 162.6 
p10       3.39e+02± 6.38e+04 
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 / ndf 2r  59.64 / 58
p9        228.6± 162.6 
p10       3.39e+02± 6.38e+04 

toyFull_E250_e1L0_8_E1R0_3_zh_mmh

100 110 120 130 140 150 160
0

0.02

0.04

0.06

h_E250_e1L0.8_E1R0.3_zh_mmh_SigSum

100 110 120 130 140 150 160
0

0.01

0.02

0.03
h_E250_e1L0.8_E1R0.3_zh_mmh_BackSum

ToyMC

ToyMC :  Xbg (Poisson)* Fbg(Fix Pol3)

BG: Pol3 Sig: GPET  

Define function :  !
Nsig * Fsig(Fix GPET)  +  Nbg * Fbg(Fix Pol3)

1. Fix function shape. 

2. Toy MC
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- After normalized histograms

- Generated background sample based on fixed Pol3

- Fit with defined function and pull out parameter “Nsig"

- Do Toy MC to estimate upper limit of BR(H➡invisible) 

52 ୈ 4ষղੳͱ݁Ռ

͜͜ͰɺXbgɺXh→4νɺXh→ZZ∗→qq(νν)͸ͦΕͧΕϙΞιϯ෼෍Ͱৼͬͨ஋Ͱ͋Δɻ
͜ͷߦࢼΛ 1000ճ࣮͢ߦΔ͜ͱͰɺਤ 4.10ͷΑ͏ͳத৺஋͕ 0෇ۙʹ࣋ͭγάφϧͷΠϕϯτ
਺ͷ෼෍͕ಘΒΕΔɻ࣍ʹ͜ͷ෼෍ͷ 0Ҏ্ʢ෺ཧతʹҙຯͷ͋ΔྔʣͷྖҬʹ͓͚Δશ໘ੵΛ
໘ੵͷͨ͠ࢉܭΔɻγάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτ͸ɺ্Ͱ͢ࢉܭ 95ˋʹ౰ͨΔྖҬ
ΛٻΊɺͦͷྖҬͷӈ୺ͷ஋ͱͯ͠ੵݟ΋ΒΕΔɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸ɺಘΒΕͨγάφϧͷΠϕϯτ਺ͷΞούʔϦϛο

τΛࣜ (??)Ͱม͢׵Δ͜ͱͰੵݟ΋ΒΕΔɻ

σ =
Nupperlimit
sig

f L
(4.9)

͜͜ͰɺNupperlimit
sig ͸γάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτͰ͋Γɺ f ͸ੜ੒ͨ͠Πϕϯτ

਺ʹର͢Δɺ໬౓ؔ਺Λ༻͍ͨࣄ৅બ୒ʹΑΓੜ͖ͨͬ࢒Πϕϯτ਺ͷׂ߹Ͱ͋ΔɻL͸ϧϛϊγ
ςΟͰ 1000 f b−1Ͱ͋Δɻ
ଌ؍ΊΒͨΞούʔϦϛοτ͸ɺ95ˋͷ༗ҙ౓ͰΠϯϏδϒϧʹ่յ͢ΔώοάεϘιϯ͕ٻ
͞Εͨɺͱ͏͜ͱΛอূ͢ΔͨΊͷγάφϧੜ੒அ໘ੵͷԼݶ஋Ͱ͋Δɻ

ਤ 4.10: ύϥϝʔλ Nsigͷ෼෍

4.6.2 γάφϧੜ੒அ໘ੵͷ໬౓ؔ਺Λ༻͍ͨ࠷దԽ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτΛ࠷খʹ͢ΔͨΊʹɺ໬౓ؔ਺Λ༻͍͍ͨ࠷దԽʹͭ

͍ͯઆ໌͢Δɻ

ඪࢦ৅બ୒ͷઆ໌ʹ͋ͬͨɺγάφϧ໬౓ؔ਺ͱόοΫάϥϯυ໬౓ؔ਺ͰදΘ͞ΕΔࣄ LΛ
༻͍ͯɺLʹؔ͠ X < Lɹ; X = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6ͱ͍͏৚݅Λ՝͠ɺ7ͭͷͦΕͧΕͷ
৚݅ʹԙ͚Δ൓௓࣭ྔ෼෍Λಋग़͠ɺ্هͷํ๏ͰͦΕͧΕͷγάφϧੜ੒அ໘ੵͷΞούʔϦ

ୈ5ষ ࡯ߟ

ຊڀݚͰ͸ɺILC࣮ݧʹԙ͍ͯɺe+e− → ZHʹؔͯ͠ɺώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢
Δஅ໘ੵͷΞούʔϦϛοτΛੵݟ΋ͬͨɻ·ͨɺe+e− → ZHʹԙ͍ͯɺZϘιϯͷ൓௓ΛͱΔ͜ͱ
ʹΑͬͯɺσ(e+e− → ZH)ΛٻΊΔ͜ͱ͕Ͱ͖ΔͨΊɺຊղੳͰಘΒΕͨ e+e− → ZH(H → invisible)
ੜ੒அ໘ੵͷΞούʔϦϛοτ͔ΒώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢Δ่յ෼ذൺΛ࣍ࣜ

͔Βੵݟ΋ͬͨɻ·ͨɺॏ৺ܥΤωϧΪʔΛ 250GeVɺώοάεϘιϯͷ࣭ྔΛ 125GeVɺϧϛϊ
γςΟ1ab−1ͷσʔλྔΛ༻͍ͯղੳΛͨͬߦɻղੳ݁ՌΛද 6.1ʹࣔͨ͠ɻ

BR(H → invisible) =
σC.L.95 ˋinvisible

σ(e+e− → ZH)
(5.1)

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸໿ 0.8[fb]Ͱ͋ΓɺώοάεϘιϯ͕ΠϯϏδϒϧʹ
่յ͢Δ෼ذൺ͸໿ 0.4ˋͱͳͬͨɻ͜ͷ݁Ռ͸ɺγάφϧ͕ແͯ͘΋ 5ˋͷ֬཰ͰόοΫάϥϯ
υͷ;Β͖͔ͭΒ͑ݟΔ͜ͱΛҙຯ͠ɺϞσϧΛԾఆ͠ͳ͍ͰͦͷΞούʔϦϛοτ͕ੵݟ΋Β

Ε͍ͯΔ఺͕ॏཁͰ͋Δɻ

࣍ʹɺώοάεϘιϯͷΠϯϏδϒϧͳ่յͷ؍ଌʹؔ͢Δ ILC࣮ݧͰͷײ౓Λɺଞͷ࣮ݧͷ
෺࣭ΛԾఆ͠ɺώοάࠇϑΣϧϛΦϯ҉͍͓ͯʹܕ౓ͱൺֱ͢ΔͨΊʹɺώοάεϙʔλϧ໛ײ

εɾ҉ࠇ෺࣭ͷ݁߹ఆ਺ͷΞούʔϦϛοτΛٻΊൺֱͨ͠ɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͔Β࣍ࣜʹΑΓ݁߹ఆ਺ͷΞούʔϦϛοτΛੵݟ΋ͬ

ͨɻͦͷ஋͸໿ 3 × 10−5GeV−1ͱͳͬͨɻ

cF/Λ =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

√
σC.L.95 ˋDD

σc1(e+e− → ZDD)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠ /Λ (5.2)

ͨͩ͠ɺσc1(e+e− → ZDD)͸ώοάεɾ҉ࠇ෺࣭ͷ݁߹ఆ਺Λ 1ͱͨ࣌͠ͷੜ੒அ໘ੵͰ͋Δɻඪ
४໛ܕͷదԠݶքΛද͢ Λ = 1000[GeV]ͱͨ͠ɻਤ 5.1ʹຊղੳͰٻΊΒͨ݁߹ఆ਺ (੨఺)Λࣔ
ͨ͠ɻ

ΓFF =
c2Fυ

2mh

16πΛ2

⎛
⎜⎜⎜⎜⎜⎝1 −

4m2DM
m2h

⎞
⎟⎟⎟⎟⎟⎠
3/2

(5.3)

্͔ࣜΒɺώοάεϘιϯͷ࣭ྔ͕ 125GeV ͷ৔߹Ͱͷ݁߹ఆ਺͸ώοάεϘιϯͷ࣭ྔ͕
120GeVͷ৔߹ͷ໿ 0.8ഒͱͳΓɺXENON100ͷ࣮ݧͰͷΞούʔϦϛοτ͸໿ 6 × 10−5(GeV−1)
ͱੵݟ΋ΒΕΔ͜ͱ͔ΒɺILC࣮ݧ͸ଞͷ࣮ݧͱൺ΂ͯײ౓͕Α͍͜ͱ͕Θ͔Δɻ
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3. Upper limit . 
C.L.95%
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Shape of fitting function
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1. √s=250GeV (250fb-1). 
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Entries  10000
 / ndf 2r  107.1 / 103

amplitude  3.2± 262.6 
mean      2.28± 61.32 
sigma     1.6± 225.5 
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Upper Limit of BR(H➡invisible)

Si:  ε_sig= 70.46[%],   N_sig=448!
       ➡  σ = 2.54[fb]!
BR(H➡invisible) < 1.20% @95%C.L.

1. √s=250GeV (250fb-1). 

➡ Degradation of sensitivity is 11%

2. √s=350GeV (350fb-1). 

Sc:  ε_sig= 71.03[%],   N_sig=503!
       ➡  σ = 2.83[fb]!
BR(H➡invisible) < 1.33% @95%C.L.

Si:  ε_sig= 53.20[%],   N_sig=622!
       ➡  σ = 3.35[fb]!
BR(H➡invisible) < 2.43% @95%C.L.

Sc:  ε_sig= 53.82[%],   N_sig=670!
       ➡  σ = 3.56[fb]!
BR(H➡invisible) < 2.58% @95%C.L.

➡ Degradation of sensitivity is 6.3%

622 670

448 503
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1. I analyzed invisible Higgs decay to compare performance of ECALs

2. By the current result is that

If we reduce the cost of ECAL more than 50% ,!
the sensitivity of invisible higgs decay will!
get worse 7.5% at 250GeV (250fb-1), 3.4% at 350GeV (350fb-1)

3. Need to optimize cut variables.
– (Ishikawa-san)“Left” polarization    :  BF (H!invisible) < 0.95% ? @ 95% CL  ?

3. Need to investigate why shift occurs (higgs recoil mass in case of ScECAL).

- The difference of  JER at 100 GeV jet is about 0.25% .

(because our default is Si)

3. Need to investigate bias of ToyMC (in case of ScECAL).
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