
Charge ID

• I use charge ID results to calculate zprime mass limit in bb 
and cc.

• I use this as a reference.

ILD-PHYS-PUB-2023-001, June 2023,

“Experimental methods and prospects on the measurement of 
electroweak b and c-quark observables at the ILC operating at 
250 GeV”

https://confluence.desy.de/download/attachments/42357928/ILD-PHYS-PUB-2023-001.pdf?version=1&modificationDate=1687327263784&api=v2


Efficiency 𝜀𝐶𝑎𝑡.𝑋 distribution

• For 𝑐 ҧ𝑐
• Cat.1 ->K-method
• Cat.2 ->Vtx-method
• Cat.3 ->Method in 

which one of the jets 
had no measurement 
of the charge using K-
method but had it 
with Vtx-method

• For 𝑏ത𝑏
• Cat.1 ->Vtx-method
• Cat.2 ->K-method
• Cat.3->Method in 

which one of the jets 
had no measurement 
of the charge using 
Vtx-method but had it 
with K-method

Total efficiency (gray line) is used to find the zprime mass limit.



Calculate efficiency (costheta-dependent) 

• Efficiency(costheta-dependent) for each bin of bb,cc events
• For bb event,

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦_𝑎𝑛𝑔𝑙𝑒 =
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑏𝑏 𝑤/𝑒𝑣𝑒𝑛𝑡𝑐𝑢𝑡

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑏𝑏 𝑤/𝑜 𝑒𝑣𝑒𝑛𝑡𝑐𝑢𝑡
×

# 𝑜𝑓 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑏𝑏

# 𝑜𝑓 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑡𝑜𝑡𝑎𝑙
× 𝐶ℎ𝑎𝑟𝑔𝑒 𝐼𝐷 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

The below case is used as the 1bin case.

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦_1𝑏𝑖𝑛 =
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑏𝑏 𝑤/𝑒𝑣𝑒𝑛𝑡𝑐𝑢𝑡

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑏𝑏 𝑤/𝑜 𝑒𝑣𝑒𝑛𝑡𝑐𝑢𝑡
×

# 𝑜𝑓 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑏𝑏

# 𝑜𝑓 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑡𝑜𝑡𝑎𝑙
× 1 − 𝐶ℎ𝑎𝑟𝑔𝑒 𝐼𝐷 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

• Since the angle-dependent range is from -0.9 to 0.9, but the 
charge ID efficiency is from 0 to 0.9.

• So, I calculate the angle-dependent efficiency in this range and 
use the same value for the -0.9 to 0 range.

• I calculate the same way for number of background events.



Mass limit 
for bb

1bin only (No Charge ID)1bin & angle (with Charge ID)

“model name” mass limit for 
angle + 1bin  and mass limit in 
each case



Mass limit 
for cc

1bin only (No Charge ID)1bin & angle (with Charge ID)

mass limit for angle + 1bin  
and mass limit in each case



𝜒2 for bb

1bin only (No Charge ID)1bin & angle (with Charge ID)

Each chi square value is
 "calculated chi2" + "ndf".



𝜒2 for cc

1bin only (No Charge ID)1bin & angle (with Charge ID)

Each chi square value is
 "calculated chi2" + "ndf".



Back up



quark flavor tagging

• To evaluate the new physics search, we make a cos theta 
distribution for each signal quark.

• To do this, I first conduct flavor tagging on the signals and 
separate them into b, c, and others.

predicted flavor

tr
u

e
 f

la
v
o

r

Flavor tagging is performed on the two jets of reconstituted particles 
and events are used if the respective flavors match, 
events that do not match are others.

qq(u,d,s) cc bb others

qq(u,d,s) 2,661,403 83,956 36,887 34,311

cc 266,296 834,452 89,949 10,348

bb 13,535 21,423 705,974 5,104

After event cut



• Number of background event

• 2f BG + 4f BG + 2f signal(Not signal flavor)

• BG for bb event

• BG=signal(true flavor qq,cc & predicted bb)+2fBG(predicted 
bb)+4fBG(predicted bb)

• Number of signal event

• SIG=Signal(predicted bbの中のtrue flavorがbb)



Z’ model 𝑙 𝑏 𝑐 𝑞

SSM 4.7 5.1 4.1 6.3

ALR 6.4 2.0 3.5 2.8

Chi 4.6 3.3 2.0 3.2

Psi 2.4 2.1 1.8 1.6

Eta 2.7 1.8 2.0 1.9

5-sigma mass limit (TeV)

Z’ model 𝑏 + 𝑐 𝑏 + 𝑐
(original)

𝑏 + 𝑐 + 𝑞 𝑏 + 𝑐 + 𝑞
(original)

𝑙 + 𝑏 + 𝑐 𝑙 + 𝑏 + 𝑐
(original)

𝑙 + 𝑏 + 𝑐
+ 𝑞

𝑙 + 𝑏 + 𝑐 +
𝑞(original)

SSM 5.3 5.3 6.7 6.7 5.3 5.3 6.5 6.0

ALR 3.5 3.4 3.6 3.6 6.4 6.4 6.4 6.4

Chi 3.3 3.3 3.7 3.7 4.7 4.7 4.8 4.8

Psi 2.2 2.2 2.3 2.3 2.6 2.6 2.6 2.6

Eta 2.1 2.1 2.3 2.3 2.8 2.8 2.8 2.8

Upper limit for the mass of 𝑍′ that can 
be detected in e+𝑒− → 𝑓 ҧ𝑓
measurements of ILCs with CMS 
energy of 500 GeV with a misalignment 
of more than 5σ. 
If the upper limit of mass is lowered by 
adding a channel, the value of the 
upper limit before the addition is used.

Without Charge ID
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Z’ model 𝑙 𝑏 𝑐 𝑞

SSM 6.6 8.9 7.0 10.9

ALR 8.8 3.4 6.0 4.8

Chi 6.4 5.7 3.4 5.4

Psi 3.3 3.6 3.1 2.6

Eta 3.7 3.1 3.3 3.2

2-sigma mass limit (TeV)

Z’ model 𝑏 + 𝑐 𝑏 + 𝑐
(original)

𝑏 + 𝑐 + 𝑞 𝑏 + 𝑐 + 𝑞
(original)

𝑙 + 𝑏 + 𝑐 𝑙 + 𝑏 + 𝑐
(original)

𝑙 + 𝑏 + 𝑐
+ 𝑞

𝑙 + 𝑏 + 𝑐 +
𝑞(original)

SSM 8.9 8.2 10.9 10.1 8.9 7.3 10.9 8.3

ALR 6.0 5.3 6.0 5.5 8.9 8.9 8.8 8.8

Chi 5.7 5.0 5.7 5.5 6.5 6.5 6.6 6.6

Psi 3.6 3.4 3.6 3.4 3.6 3.5 3.6 3.5

Eta 3.3 3.3 3.4 3.4 3.8 3.8 3.9 3.9

Upper limit for the mass of 𝑍′ that can 
be detected in e+𝑒− → 𝑓 ҧ𝑓
measurements of ILCs with CMS 
energy of 500 GeV with a misalignment 
of more than 2σ. 
If the upper limit of mass is lowered by 
adding a channel, the value of the 
upper limit before the addition is used.

Without Charge ID
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