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 0.010±alpha1_CB =  0.927 

 0.0086±alpha2_CB =  1.4379 

 0.020±mean_CB =  91.126 

 0.094±n1_CB =  3.673 

 0.021±n2_CB =  1.744 
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 = 0.0095ZNRMS/

MC
Gaussian
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3Pei-Zhu Lai (NCU, Taiwan)

Z->(uu, dd, cc, ss, bb) (50<mZ<160)
Calculate the value from the 
fitting results. 
c- and b- quark jet energy 
resolution is the worst one. 
Use these mean value try to 
calibrate W and itself.
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4Pei-Zhu Lai (NCU, Taiwan)

Z->(uu, dd, cc, ss, bb) (50<mZ<160)

Z→uu Z→dd Z→cc Z→ss Z→bb

Entries 277624 337688 276937 338912 337928

RMS 4.400 4.398 4.975 4.738 5.443

Mean 92.164 92.004 91.126 91.653 89.958

RMS/√NZ 0.0084 0.0076 0.0095 0.0081 0.0094

mu = 2.2 MeV mc = 1.27 GeV mt = 173 GeV 

md = 4.7 MeV ms = 96 MeV mb = 4.6 GeV 

Mar 12, 2018
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/ndf = 2095.8 / 2342χ
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MC
Gaussian
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5Pei-Zhu Lai (NCU, Taiwan)

W->(ud, cs, us, cd) (40<mW<160)
Calculate the value from the 
fitting results. 
Mean value systematically 
h i g h e r t h a n c u r r e n t 
m e a s u re m e n t ’s v a l u e , 
because the additional 
lepton. 
The performance is quite 
stable. Right column is poor 
than left one because c-
quark.
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6Pei-Zhu Lai (NCU, Taiwan)

W->(ud, cs, us, cd) (40<mW<160)

mu = 2.2 MeV mc = 1.27 GeV mt = 173 GeV 

md = 4.7 MeV ms = 96 MeV mb = 4.6 GeV 

W→ud W→cs W→us W→cd

Entries 4355461 9178827 4593124 4592346

RMS 4.002 4.168 4.009 4.007

Mean 81.517 81.250 81.507 81.499

RMS/√NW 0.0019 0.0014 0.0019 0.0019

Mar 12, 2018

mW = 80.385
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7Pei-Zhu Lai (NCU, Taiwan)

mjj vs. mtrue | Z->(uu, dd, cc, ss, bb)
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The mjj higher part 
caused by ISR photons, 
lower part caused by the 
detector acceptance. 
Need to extract the slope.
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8Pei-Zhu Lai (NCU, Taiwan)

mjj vs. mtrue | W->(ud, cs, us, cd)
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The mjj higher part 
m a i n l y c a u s e d b y 
additional lepton, lower 
p a r t c a u s e d b y t h e 
detector acceptance. 
N e e d t o v e t o t h e 
additional lepton and 
then extract the slope.
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9Pei-Zhu Lai (NCU, Taiwan)
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Light flavor
ISR photon PT < 1GeV

Light flavor

Light flavor
ISR photon PT < 1GeV

Neutrino in jet PT < 1GeV

Light flavor
ISR photon PT < 1GeV

Neutrino in jet PT < 1GeV
Jet |cos𝜃| < 0.85
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10Pei-Zhu Lai (NCU, Taiwan)
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Light flavor Light flavor
ISR photon < 1GeV

Light flavor
ISR photon PT < 1GeV
Neutrino in jet PT < 1GeV

Light flavor
ISR photon PT < 1GeV

Neutrino in jet PT < 1GeV
Jet |cos𝜃| < 0.85
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11Pei-Zhu Lai (NCU, Taiwan)

JER & JES(Reco-Gen)

JER/JES of heavy flavor quark are worse than light flavor one about 0.5%.
Mar 12, 2018
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12Pei-Zhu Lai (NCU, Taiwan)

Flavor and En dependent calibration by JES

Mar 12, 2018



13Pei-Zhu Lai (NCU, Taiwan)

Summary
We have the calibration constants of each flavor from Z. 

RMS of Z and W invariant mass distribution is bigger when the final state is the 

heavy flavor quark, but the condition of mean is converse. 

The value in each category in WW process is quite stable. 

We know several factors which caused the vertical line in the 2-D histogram, 

ISR photon, |cos𝜃|, and additional lepton.

Mar 12, 2018



14Pei-Zhu Lai (NCU, Taiwan)

To do
The last mission in the Maarten’s to do list. What is the b-tagging and c-tagging 

cut value? 

Compare the mjj /mtrue after two ways calibration to fine the best one. One way is 

that calibrated by the energy and flavor dependent JES. Another is that 

calibrated by the each flavor dijet’s invariant mass in ZZ process. 

Add the requirement to reduce the vertical line in the 2-D histogram, and then 

try to extract the slope in the mjj vs. mtrue plots in each category.

Mar 12, 2018



15Pei-Zhu Lai (NCU, Taiwan)

Back up

Mar 12, 2018
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16Pei-Zhu Lai (NCU, Taiwan)

Z->(uu, dd, cc, ss, bb)
Calculate the value event-
by-event. 
Up-type quarks have 
higher probability decay 
from 𝜸* . 
c- and b- quark have 
worse resolution.

Mar 12, 2018
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17Pei-Zhu Lai (NCU, Taiwan)

Z->(uu, dd, cc, ss, bb) (50<mZ<160)
Suppress the effect from 
the low mass range. 
(Calculate the σ, x̅ in this 
range) 
u - , c - , b - s ta t i ca l l y 
sensitivity is higher than 
the others. 
Does mean value has 
meaning for calibration? 
We use the peak position 
to calibrate right?

Mar 12, 2018
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18Pei-Zhu Lai (NCU, Taiwan)

W->(ud, cs, us, cd) 
Calculate the value event-
by-event. 
M e a n v a l u e s y s t e -
matically higher than 
current measurement’s 
v a l u e , b e c a u s e t h e 
additional lepton. 
The performance is quite 
stable. Right column is 
poor than left because c-
quark.
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19Pei-Zhu Lai (NCU, Taiwan)

W->(ud, cs, us, cd) (50<mW<160)
In this mass range, the 
value dose not change too 
much.  
These plot is used to 
compare with the Z in the 
same range.
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