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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%
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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%

■Miscellaneous checks 
Mean of energy distribution
Mean of hit number

 

Jet Energy Resolution (JER) is not 
affected significantly with

~15% dead pixels 
~5% dead chips

Reminder

(Everybody has been funny to see this result.
Actually I was not confident too.)
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Mean of energy (Single photon event) The drop rate = dead fraction

(Dead pixels)
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 / ndf 2r  4.767 / 9
p0        0.02912±   102 
p1        5.495e-05± -0.01002 

 / ndf 2r  4.767 / 9
p0        0.02912±   102 
p1        5.495e-05± -0.01002 

./gamma100_rest0_fit1_calibN
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 / ndf 2r  0.9023 / 9
p0        0.005584± 10.01 

p1        9.379e-05± -0.009894 

 / ndf 2r  0.9023 / 9
p0        0.005584± 10.01 

p1        9.379e-05± -0.009894 

./gamma10_rest0_fit1_calibN
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 / ndf 2r  2.181 / 9

p0        0.0112± 30.34 
p1        6.467e-05± -0.0101 

 / ndf 2r  2.181 / 9
p0        0.0112± 30.34 
p1        6.467e-05± -0.0101 

./gamma30_rest0_fit1_calibN
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 / ndf 2r  1.559 / 9

p0        0.01534± 50.79 
p1        5.417e-05± -0.01017 

 / ndf 2r  1.559 / 9
p0        0.01534± 50.79 
p1        5.417e-05± -0.01017 

./gamma50_rest0_fit1_calibN
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 / ndf 2r  1.117 / 9
p0        0.002893± 2.957 
p1        0.0001582± -0.01001 

 / ndf 2r  1.117 / 9
p0        0.002893± 2.957 
p1        0.0001582± -0.01001 

./gamma3_rest0_fit1_calibN
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 / ndf 2r  0.5677 / 9

p0        0.003832± 4.965 
p1        0.0001252± -0.01 

 / ndf 2r  0.5677 / 9
p0        0.003832± 4.965 
p1        0.0001252± -0.01 

./gamma5_rest0_fit1_calibN
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 / ndf 2r  1.768 / 9

p0        0.001652± 0.9718 

p1        0.0002676± -0.01005 

 / ndf 2r  1.768 / 9
p0        0.001652± 0.9718 

p1        0.0002676± -0.01005 

./gamma1_rest0_fit1_calibN
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(fit) E = p0(1+ p1ξ)
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 / ndf 2r  96.45 / 11

p0        0.02694± 102.3 

p1        4.184e-05± -0.009785 

 / ndf 2r  96.45 / 11

p0        0.02694± 102.3 

p1        4.184e-05± -0.009785 

./gamma100_rest0_fit1_calibD
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 / ndf 2r  17.07 / 11

p0        0.004555± 10.04 

p1        4.688e-05± -0.009811 

 / ndf 2r  17.07 / 11

p0        0.004555± 10.04 

p1        4.688e-05± -0.009811 

./gamma10_rest0_fit1_calibD
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 / ndf 2r  18.16 / 11

p0        0.009856± 30.39 

p1        3.919e-05± -0.009903 

 / ndf 2r  18.16 / 11

p0        0.009856± 30.39 

p1        3.919e-05± -0.009903 

./gamma30_rest0_fit1_calibD
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 / ndf 2r  28.58 / 11

p0        0.01398± 50.92 

p1        3.83e-05± -0.009924 

 / ndf 2r  28.58 / 11

p0        0.01398± 50.92 

p1        3.83e-05± -0.009924 

./gamma50_rest0_fit1_calibD
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 / ndf 2r  5.246 / 11

p0        0.001227± 2.963 

p1        3.341e-05± -0.009897 

 / ndf 2r  5.246 / 11

p0        0.001227± 2.963 

p1        3.341e-05± -0.009897 

./gamma3_rest0_fit1_calibD
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 / ndf 2r  13.56 / 11

p0        0.001651± 4.975 

p1        2.844e-05± -0.009908 

 / ndf 2r  13.56 / 11

p0        0.001651± 4.975 

p1        2.844e-05± -0.009908 

./gamma5_rest0_fit1_calibD
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 / ndf 2r  1.015 / 11

p0        0.0006634± 0.9736 

p1        5.028e-05± -0.01014 

 / ndf 2r  1.015 / 11

p0        0.0006634± 0.9736 

p1        5.028e-05± -0.01014 

./gamma1_rest0_fit1_calibD
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Mean of number of hits in a qqbar 2 jet event The drop rate = dead fraction

(Dead pixels)

Dead fraction
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 / ndf 2r  0.02346 / 10
p0        0.02428±  1219 
p1        0.0002012± 1.001 

 / ndf 2r  0.02346 / 10
p0        0.02428±  1219 
p1        0.0002012± 1.001 

Number of good hits @100GeV single photon dead pixelsDead fraction
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 / ndf 2r  0.03666 / 10
p0        0.03035± 786.5 
p1        0.0003897±     1 

 / ndf 2r  0.03666 / 10
p0        0.03035± 786.5 
p1        0.0003897±     1 

Number of good hits @50GeV single photon dead pixels

Dead fraction
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 / ndf 2r  0.01744 / 10

p0        0.02093± 263.7 
p1        0.0008018± 0.9988 

 / ndf 2r  0.01744 / 10

p0        0.02093± 263.7 
p1        0.0008018± 0.9988 

Number of good hits @10GeV single photon dead pixelsDead fraction
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 / ndf 2r  0.000577 / 10
p0        0.003807± 158.2 
p1        0.000243± 0.9976 

 / ndf 2r  0.000577 / 10
p0        0.003807± 158.2 
p1        0.000243± 0.9976 

Number of good hits @5GeV single photon dead pixelsDead fraction
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 / ndf 2r  0.0007465 / 10

p0        0.004331±   107 
p1        0.0004087± 0.9995 

 / ndf 2r  0.0007465 / 10

p0        0.004331±   107 
p1        0.0004087± 0.9995 

Number of good hits @3GeV single photon dead pixelsDead fraction
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 / ndf 2r  0.0004476 / 10

p0        0.003353± 44.04 
p1        0.000769± 0.9998 

 / ndf 2r  0.0004476 / 10
p0        0.003353± 44.04 
p1        0.000769± 0.9998 

Number of good hits @1GeV single photon dead pixels
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 / ndf 2r  0.01119 / 10

p0        0.01677± 562.9 
p1        0.0003009± 0.9984 

 / ndf 2r  0.01119 / 10

p0        0.01677± 562.9 
p1        0.0003009± 0.9984 

Number of good hits @30GeV single photon dead pixels
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 / ndf 2r  0.03338 / 5
p0        0.05806± 263.7 
p1        0.003891± 1.012 

 / ndf 2r  0.03338 / 5
p0        0.05806± 263.7 
p1        0.003891± 1.012 

Number of good hits @10GeV single photon dead chipsDead fraction
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p0        0.02733± 158.2 
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 / ndf 2r  0.007395 / 5
p0        0.02733± 158.2 
p1        0.003056± 0.9935 

Number of good hits @5GeV single photon dead chipsDead fraction
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 / ndf 2r  0.002397 / 5
p0        0.01556±   107 
p1        0.002572± 0.9943 

 / ndf 2r  0.002397 / 5
p0        0.01556±   107 
p1        0.002572± 0.9943 

Number of good hits @3GeV single photon dead chips
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 / ndf 2r  0.01813 / 5
p0        0.04279± 786.7 
p1        0.0009621±     1 

 / ndf 2r  0.01813 / 5
p0        0.04279± 786.7 
p1        0.0009621±     1 

Number of good hits @50GeV single photon dead chipsDead fraction
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 / ndf 2r  0.1209 / 5
p0        0.1105±  1219 
p1        0.001604± 1.002 

 / ndf 2r  0.1209 / 5
p0        0.1105±  1219 
p1        0.001604± 1.002 

Number of good hits @100GeV single photon dead chips
Dead fraction

2 4 6 8 10

hit
s

n

510

520

530

540

550

560
 / ndf 2r  0.06875 / 5

p0        0.08333± 562.7 
p1        0.002621± 0.9845 

 / ndf 2r  0.06875 / 5
p0        0.08333± 562.7 
p1        0.002621± 0.9845 

Number of good hits @30GeV single photon dead chips
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 / ndf 2r  0.0005003 / 5
p0        0.007108± 44.02 
p1        0.002858± 0.9809 

 / ndf 2r  0.0005003 / 5
p0        0.007108± 44.02 
p1        0.002858± 0.9809 
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Mean of energy (qqbar 2jets event) After re-calibration  C→C/(1-ξ)
(in order to match the calibration 
to TPC and HCAL)

(Dead pixels)

(Dead chips)
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Dead fraction
0 5 10 15 20 25 30

hi
ts

n

5000

5500

6000

6500

7000

7500
 / ndf 2r  31.53 / 5

p0        1.711±  7373 
p1        0.001102± 1.001 

 / ndf 2r  31.53 / 5
p0        1.711±  7373 
p1        0.001102± 1.001 

Number of good hits @500GeV dead chips

Dead fraction
0 5 10 15 20 25 30

hi
ts

n

4000

4500

5000

5500

6000
 / ndf 2r  3.092 / 5

p0        0.5358±  5857 
p1        0.0004343±     1 

 / ndf 2r  3.092 / 5
p0        0.5358±  5857 
p1        0.0004343±     1 

Number of good hits @360GeV dead chips
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 / ndf 2r  0.6375 / 5

p0        0.2433±  2056 
p1        0.0005615± 1.002 

 / ndf 2r  0.6375 / 5
p0        0.2433±  2056 
p1        0.0005615± 1.002 

Number of good hits @91GeV dead chips

(Dead chips)

The file of 
200GeV/chip 
was lost...

Mean of number of hits in a qqbar 2 jet event
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 / ndf 2r  1.576 / 5

p0        0.3826±  7371 
p1        0.0002464±     1 

 / ndf 2r  1.576 / 5
p0        0.3826±  7371 
p1        0.0002464±     1 

Number of good hits @500GeV dead pixels
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 / ndf 2r  1.137 / 5

p0        0.325±  5857 
p1        0.0002634± 1.001 

 / ndf 2r  1.137 / 5
p0        0.325±  5857 
p1        0.0002634± 1.001 

Number of good hits @360GeV dead pixels
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 / ndf 2r  1.682 / 5
p0        0.3952±  3816 
p1        0.0004916± 1.001 

 / ndf 2r  1.682 / 5
p0        0.3952±  3816 
p1        0.0004916± 1.001 

Number of good hits @200GeV dead pixels
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 / ndf 2r  0.2982 / 5

p0        0.1664±  2057 
p1        0.0003842± 0.9987 

 / ndf 2r  0.2982 / 5

p0        0.1664±  2057 
p1        0.0003842± 0.9987 

Number of good hits @91GeV dead pixels

(Dead pixels)
The drop rate = dead fraction

91GeV

91GeV

200GeV 360GeV 500GeV

500GeV360GeV

(fit) E = p0(1+ p1ξ)
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Dead chip fraction (%)
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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%

Dead pixel fraction (%)
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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%

■Miscellaneous checks 
Mean of energy distribution
Mean of hit number

   --- drop linearly as expected
 

Comparison between event-by-event 
selecting configuration and fixed one 

   --- no difference

Jet Energy Resolution (JER) is not 
affected significantly with

~15% dead pixels 
~5% dead chips

Reminder

(Everybody has been funny to see this result.
Actually I was not confident too.)
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Event-by-event choice VS Fixed configuration

e.g. Energy distribution of 10GeV Single photon evt w/ 5% of dead chips 

Consistent with statistic fluctuation

Other E, Dead fraction: Same
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Dead chip fraction (%)
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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%

Jet Energy Resolution (JER) is not 
affected significantly with

~15% dead pixels 
~5% dead chips

Reminder

Study
・Quantitate analysis of 
    dead channel effect to ECAL resolution    

・Discuss dead channel impact on JER
    with the result of above

Why 15% of dead pixels are ok? 

Dead pixel fraction (%)
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Benchmark separation of W/Z jets:
RMS90/E ~ 3.8%

■Simulation seems to work appropriately
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Dead rate dependency of energy resolution of Photon events fit1Dead chipDead pixel

Dead channels effect to ECAL resolution 

Single particle energy resolution:

Evaluate ECAL performance by energy resolution of single photon events

�E

E
= b0(⇠)

M b1(⇠)p
E

M b2(⇠)

E

Const.
Noise

Dead channel effect can be reduced 
to b0, b1 ,b2 dependences on ξ

Stochastic

Photons with higher energy 
experience more degrade
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Dead rate (%)
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 plot (Dead Chip / fit1)2, b1, b0b
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ξ dependence of b0, b1 ,b2

③ Plot b0, b1 ,b2 for every ξ

(b2 is always ~0  ⇒ Fix b2 =0)
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 / ndf 2r  16.49 / 4

p0        0.0008198± 0.01559 
p1        0.002004± 0.1534 
p2        8.818e-06± 1.867e-06 

 / ndf 2r  16.49 / 4
p0        0.0008198± 0.01559 
p1        0.002004± 0.1534 
p2        8.818e-06± 1.867e-06 

Energy dep. of resolution (no-fit) w/ a fixed DR=2%
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�E

E
= b0(⇠)

M b1(⇠)p
E

■ Low energy → stoch. (b1) is dominant 
                     → small effect by dead channels
   High energy → const. (b0) isn’t negligible → large effect

■ Dead channels mainly affect constant term

ξ dependence of b0, b1

b1(⇠) =
q0p

1� q1 ⇠
■ Parametrize as                              &b0(⇠) = p0 (1 + p1 ⇠)

Pixel Chip
p0 1.61.6
p1 12 28
q0 17.417.4
q1 1.0 1.6

(Fit parameters)
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■ Shower energy:               (“~”: the average of LHS/RHS match)

   E ~ EMIP × nMIP,     σE/E ∝ 1/sqrt(nMIP) ∝ 1/sqrt(E)      (Poisson statistics)  

■ Measured energy in a sampling calorimeter

   E ~ EMIP × nMIP  ~  EMIP  × nMIP, S × 1/Cs 

σE/E ∝ 1/sqrt(nMIP, S) ∝ 1/sqrt (ECs)        

■ When with a fraction of ξ dead channels in sensor area

  nMIP, S → (1-ξ) nMIP, S 

  Sampling ratio changes accordingly:  Cs → (1-ξ) Cs 

  σEm/E ∝ 1/sqrt(E(1-ξ)Cs)   → b1 ∝ 1/sqrt(1-ξ)

sampling ratio
Number of MIP signals in sensor area

“stochastic”

How does dead channels make stoch. term worse ?

--- The effective sampling fraction change

b1(⇠) =
q0p

1� q1 ⇠

q1 = 1 if no other 
contribution to 1/√E term 
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How does dead channels make const. term worse ?

The calibration coefficient C is scaled to C/1-ξ, according to the sampling ration 
change Cs → Cs(1-ξ)   (So that mean energy remains in the correct position)

C → C/(1-ξ)

E0(1-ξ) E0

The mean position is not 
recovered correctly if x != ξ

(Dead chips give the larger dispersion)
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x distribution (ξ=10%)

re-calibrate

Uniformly distributed dead channels are assumed. (ξ: average dead channel fraction)

But! the fraction in a single shower fluctuates statistically
Binomial distribution: P(n) = NCn ξn (1-ξ)N-n      (N: #hits, n: #bad hits)

x := n/N
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How does dead channels make const. term worse ?

■ Since x dist. also has E dependence
(higher E → more hits → less fluctuation), 
this effect may contribute 1/√E term as well.

■ Energy distribution ends up in the superposition of many gaussians with 
different mean positions. → Broaden the peak more  (const. term effect)  

b1(⇠) =
q0p

1� q1 ⇠

Pixel Chip
q1 1.0 1.6

(q1 = 1 if with stochastic effect only) 

※ For each Gaussian: 

   width ~ stochastic behavior: σ ∝ 1/sqrt(1-x)

※ Weight of superposition ~ x dist. 

※ Const. term usually referred as “detector non-
uniformity” or “mis-calibration”. 

Energy
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x>ξ

x=ξ
x<ξ

E0

Essence: shower-to-shower difference of sampling fraction
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Jet Energy Resolution
4 terms mainly contribute to JER:

※ Leakage, tracker terms are probably independent of ξ

Calorimetry Leakage Tracker Confusion(Nature of PFA)

the HCAL determines the average fraction of the jet energy that is contained within the calorime-
ter system. The impact of the HCAL thickness on PFlow performance is assessed by changing
the number of HCAL layers in the LDCPrime model from 32 to 63. This corresponds to a
variation of 4.0 − 7.9λI in the HCAL (4.8 − 8.7 λI in the ECAL+HCAL combined).

The study of the optimal HCAL thickness depends on the possible use of the instrumented
return yoke (the muon system) to correct for leakage of high energy showers out of the rear of
the HCAL. The effectiveness of this approach is limited by the fact that, for much of the polar
angle, the muon system is behind the relatively thick solenoid (2λI in the MOKKA simulation
of the detector). Nevertheless, to assess the possible impact of using the muon detector as a
“tail-catcher”, the energy depositions in the muon detectors were included in the PandoraPFA
reconstruction. Whilst the treatment could be improved upon, it provides an indication of how
much of the degradation in jet energy resolution due to leakage can be recovered in this way.
The results are summarised in Figure 11 which shows the jet energy resolution obtained from
PandoraPFA as a function of the HCAL thickness. The effect of leakage is clearly visible, with
about half of the degradation in resolution being recovered when including the muon detector
information. For jet energies of 100GeV or less, leakage is not a major contributor to the jet
energy resolution provided the HCAL is approximately 4.7λI thick (38 layers). However, for
180 − 250GeV jets this is not sufficient; for leakage not to contribute significantly to the jet
energy resolution at

√
s = 1TeV, the results in Figure 11 suggest that the HCAL thickness

should be between 5.5 − 6.0λI for an ILC detector.

9.4. Magnetic Field versus Detector Radius
The LDCPrime model assumes a magnetic field of 3.5 T and an ECAL inner radius of

1820mm. A number of variations on these parameters were studied: i) variations in the ECAL
inner radius from 1280 − 2020mm with B = 3.5T; ii) variations the B from 2.5 − 4.5T with
R = 1825mm; and iii) variations of both B and R. In total thirteen sets of parameters were con-
sidered spanning a wide range of B and R. The parameters include those considered by the LDC,
GLD [36], and SiD [37] detector concept groups for the ILC. In each case PFlow performance
was evaluated for 45, 100, 180, and 500GeV jets.

Figure 12 shows the dependence of the jet energy resolution as a function of: a) magnetic field
(fixed R) and b) ECAL inner radius (fixed B). For 45GeV jets, the dependence of the jet energy
resolution on B and R is rather weak because, for these energies, it is the intrinsic calorimetric
energy resolution rather than the confusion term that dominates. For higher energy jets, where the
confusion term dominates the resolution, the jet energy resolution shows a stronger dependence
on R than B.

The jet energy resolutions are reasonably well described by the function:

rms90
E
=
21
√
E
⊕ 0.7 ⊕ 0.004E

⊕ 2.1
( R
1825

)−1.0 ( B
3.5

)−0.3 ( E
100

)0.3
%,

where E is measured in GeV, B in Tesla, and R in mm. This is the quadrature sum of four terms: i)
the estimated contribution to the jet energy resolution from the intrinsic calorimetric resolution;
ii) the contribution from track reconstruction; iii) the contribution from leakage; and iv) the
contribution from the confusion term obtained empirically from a fit to the data of Figure 12 and
several models where both B and R are varied [12]. In fitting the confusion term, a power-law
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(M. Thomson 2008)

The rest of slides show that 

■ The dead channel effect to “calorimetry term” is not serious  

■ At least in low Ej or low ξ region, where the confusion term does not seem 

to rise significantly, the simulation result looks reasonable.
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Calorimetry term
Calorimetry term contribution can be (simply) estimated for each single jet 

by the error propagation of each jet particle energy measurement  

For a jet consisting of Nc charged particles, Nγ photons and Nh neutral hadrons

energy: Eci, Eγi, Ehi

error: σci, σγi, σhi    (i=1,2, … ,Nc (Nγ,Nh))�
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(ξ: dead rate)

the HCAL determines the average fraction of the jet energy that is contained within the calorime-
ter system. The impact of the HCAL thickness on PFlow performance is assessed by changing
the number of HCAL layers in the LDCPrime model from 32 to 63. This corresponds to a
variation of 4.0 − 7.9λI in the HCAL (4.8 − 8.7 λI in the ECAL+HCAL combined).

The study of the optimal HCAL thickness depends on the possible use of the instrumented
return yoke (the muon system) to correct for leakage of high energy showers out of the rear of
the HCAL. The effectiveness of this approach is limited by the fact that, for much of the polar
angle, the muon system is behind the relatively thick solenoid (2λI in the MOKKA simulation
of the detector). Nevertheless, to assess the possible impact of using the muon detector as a
“tail-catcher”, the energy depositions in the muon detectors were included in the PandoraPFA
reconstruction. Whilst the treatment could be improved upon, it provides an indication of how
much of the degradation in jet energy resolution due to leakage can be recovered in this way.
The results are summarised in Figure 11 which shows the jet energy resolution obtained from
PandoraPFA as a function of the HCAL thickness. The effect of leakage is clearly visible, with
about half of the degradation in resolution being recovered when including the muon detector
information. For jet energies of 100GeV or less, leakage is not a major contributor to the jet
energy resolution provided the HCAL is approximately 4.7λI thick (38 layers). However, for
180 − 250GeV jets this is not sufficient; for leakage not to contribute significantly to the jet
energy resolution at
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s = 1TeV, the results in Figure 11 suggest that the HCAL thickness

should be between 5.5 − 6.0λI for an ILC detector.

9.4. Magnetic Field versus Detector Radius
The LDCPrime model assumes a magnetic field of 3.5 T and an ECAL inner radius of

1820mm. A number of variations on these parameters were studied: i) variations in the ECAL
inner radius from 1280 − 2020mm with B = 3.5T; ii) variations the B from 2.5 − 4.5T with
R = 1825mm; and iii) variations of both B and R. In total thirteen sets of parameters were con-
sidered spanning a wide range of B and R. The parameters include those considered by the LDC,
GLD [36], and SiD [37] detector concept groups for the ILC. In each case PFlow performance
was evaluated for 45, 100, 180, and 500GeV jets.

Figure 12 shows the dependence of the jet energy resolution as a function of: a) magnetic field
(fixed R) and b) ECAL inner radius (fixed B). For 45GeV jets, the dependence of the jet energy
resolution on B and R is rather weak because, for these energies, it is the intrinsic calorimetric
energy resolution rather than the confusion term that dominates. For higher energy jets, where the
confusion term dominates the resolution, the jet energy resolution shows a stronger dependence
on R than B.

The jet energy resolutions are reasonably well described by the function:
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where E is measured in GeV, B in Tesla, and R in mm. This is the quadrature sum of four terms: i)
the estimated contribution to the jet energy resolution from the intrinsic calorimetric resolution;
ii) the contribution from track reconstruction; iii) the contribution from leakage; and iv) the
contribution from the confusion term obtained empirically from a fit to the data of Figure 12 and
several models where both B and R are varied [12]. In fitting the confusion term, a power-law
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�h = 0.71
p

E(GeV)

Chosen so that σcalo is consistent to M. Thomson’s value.

(usually referred to 0.55-0.60)
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Calorimetry term
However, contribution from σh is 

dominant in σcalo for most of jets
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ECAL resolution mainly affects jets with less 
neutral hadron energy contribution

h_ratio
Entries  10000
Mean   0.001738± 0.6808 
RMS    0.001229± 0.1738 

)h1 + a1 / (h1
0 0.2 0.4 0.6 0.8 10

100

200

300
h_ratio

Entries  10000
Mean   0.001738± 0.6808 
RMS    0.001229± 0.1738 

)h1 + a1 / (h1

ECAL resolution 
limits σcalo

HCAL resolution
limits σcalo

12% 88%
no nhad event
(229evt) 

1813年6月12日水曜日



Calorimetry term
JER can be calculated from σcalo, for each jet 
with different combination of the components
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JER growth when only ξ dependence 
in the calorimetry term is taken in
(・:simulation, ---: calculation)

h0
Entries  10000
Mean    3.663
RMS     1.095

/E(%)90RMS
2 3 4 5 6 7 8 90

100

200

300

400 h0
Entries  10000
Mean    3.663
RMS     1.095

JER

h30
Entries  10000
Mean    3.881
RMS     1.036

h4
Entries  10000
Mean    4.337
RMS     1.059

0% dead
30% dead pix
30% dead chip

JER 45GeV jets

ξ dep. of JER is calculated using
the ξ dep. of ECAL obtained in page 7

(if Gaussian) RMS90 = 0.79×RMS

Well agree in low ξ / low Ej region
(where confusion effect is small)

few n-had n-had rich
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Confusion term
JER =

0.79⇥ �
calo
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Confusion becomes serious in high E jets, due to the closely overlapping showers.
(Already difficult to separate even with ξ=0. No allowance for dead channels)

While low energy jet showers seem to have some “allowance”?
(No problem with some effective granularity drop for good separation of showers)

Quantitate validation of this hypothesis is difficult... (statistics is too poor→grid?)
But this is highly consistent with our intuition!
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Summary

Small fraction of dead channels does not matter JER since 

■ ECAL resolution gives little influence on the calorimetry term in JER
   HCAL resolution set the limit for most of the jets

■ (For low E jet) Confusion does not rise with some dead channels
   The allowance depends on Ej

■ ECAL resolution does go worse 
   The degrade is quantitatively evaluated  
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Further implications
■ Other dead channel models?
   Non-uniform distribution (radiation damage etc.)
   Dead sub-chip (4×4pix) etc.
   ⇒ The extent of degrade should be between uniform dead pix & 

uniform dead chip case
(The uniformity of sampling fraction is essential in thinking of dead effect!! )

■ Schemes for recover resolution? (Restoration etc.)
   As long as JER is concerned, not very necessary.
  (>10% dead channels are not likely to be, damage to JER is limited)

  But important for precise measurement of single photons 
(especially with high energy)

  Also in case with local defect, restoration is more effective than just 
shifting calibration coefficient
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Backup
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Combined plot
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Unrecorded energy in ECAL (due to dead channels)
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Lost energy @500GeV dead pixels
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Lost energy @360GeV dead pixels
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Lost energy @200GeV dead pixels
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Lost energy @91GeV dead pixels

(Dead pixels, jet events)
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Lost energy @500GeV dead chips
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p1        0.03726± 0.8086 

 / ndf 2r  62.97 / 5
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Lost energy @360GeV dead chips

Dead fraction
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 / ndf 2r  4.922 / 5
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 / ndf 2r  4.922 / 5
p0        0.6761± -1.139 
p1        0.04121± 0.9105 

Lost energy @91GeV dead chips

The file of 
200GeV/dead 
chip was lost...

(Dead chips, jet events)

steepness <1 (jet particles does not 
deposit whole energy in ECAL)
, which varies along E

91GeV

91GeV

200GeV 360GeV 500GeV

500GeV360GeV
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Hypothesis on stoch./const. term - backup by Toy MC

Dead fraction (%)
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 / ndf 2r  3.275 / 11
    

0
p  0.04405± 0.5273 

    
1

p  1.817± 9.076 

 / ndf 2r  3.275 / 11
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1
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q  0.03024± 0.8615 
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0Const. term b

1Stochastic term b

ToyMC / Pix

Dead fraction (%)
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 / ndf 2r   15.9 / 7
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 / ndf 2r   1.35 / 7
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0Const. term b

1Stochastic term b

ToyMC / Chip

Tendency is reproduced?

The slope / offset are systematically small than simu.→ still some minor effect? 

Dead fraction (%)
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 / ndf 2r  56.21 / 11
p0        0.02592± 1.634 
p1        0.3747±  12.1 

 / ndf 2r  56.21 / 11
p0        0.02592± 1.634 
p1        0.3747±  12.1 

 / ndf 2r  4.937 / 11
p0        0.07221±  17.4 
p1        0.09065± 1.028 

 / ndf 2r  4.937 / 11
p0        0.07221±  17.4 
p1        0.09065± 1.028 

0Const. term b

1Stochastic term b

Dead Pixel
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 / ndf 2r  139.6 / 8
p0        0.02786± 1.669 
p1        0.6516± 27.74 

 / ndf 2r  139.6 / 8
p0        0.02786± 1.669 
p1        0.6516± 27.74 

 / ndf 2r  9.556 / 8
p0        0.04457± 17.34 
p1        0.05863± 1.596 

 / ndf 2r  9.556 / 8
p0        0.04457± 17.34 
p1        0.05863± 1.596 

0Const. term b

1Stochastic term b

Dead Chip

q1
q0
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E (GeV)
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 / ndf 2r  3.853 / 4

p0        0.2908± 7.116 
p1        0.5401± 51.23 

 / ndf 2r  3.853 / 4
p0        0.2908± 7.116 
p1        0.5401± 51.23 

 (G-fit)E/1 + b0/E = bEmNeutral hadron pfo resolution 

b0
b1

�h = 0.71
p

E(GeV)

0.71 is too large?

Tried to estimated by own
using single KL sample
(cosθ<0.7, use events including only neutral hadron PFOs)

Well fit with const. term 
Stochastic factor ~ 0.5?

�E

E
= b0(⇠)

M b1(⇠)p
E

But many abnormal behaviors in energy distribution (0.71 as effective coeff. is possible?)
(0 energy events / wrong mean position)

h
Entries  3197
Mean    1.194
RMS    0.7158

 / ndf 2r  566.2 / 87
p0        0.012± 1.316 
p1        0.0123± 0.5558 
p2        2.1± 107.5 
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 / ndf 2r  566.2 / 87
p0        0.012± 1.316 
p1        0.0123± 0.5558 
p2        2.1± 107.5 

1GeV
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Entries  3100
Mean    21.96
RMS     3.194

 / ndf 2r  95.33 / 35
p0        0.05± 22.14 
p1        0.042± 2.744 
p2        43.9±  2404 
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Entries  3100
Mean    21.96
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 / ndf 2r  95.33 / 35
p0        0.05± 22.14 
p1        0.042± 2.744 
p2        43.9±  2404 

20GeV

Neutral hadron resolution modeling

Calibration is tuned to 10GeV
but linearity is not good
Typical KL in jets < 3GeV (60-70%)
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Number of photon pfo in a jet
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Photon Energy in a jet (GeV)
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Photon Energy fraction in a jet
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Energy of photon pfo in a jet (GeV)

h
Entries  23692
Mean    2.252
RMS     3.226

 / ndf 2r  300.4 / 219
Constant  5.334e+05± 3.069e+06 
MPV       0.0136± -0.8369 
Sigma     0.00188± 0.02127 
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Sigma     0.00188± 0.02127 

Energy of a photon pfo in 500GeV jets (1000evt averaged)
h
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Mean    2.117
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Constant  8.968e+05± 4.459e+06 
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Energy of a photon pfo in 360GeV jets (1000evt averaged)

h
Entries  24591
Mean    1.894
RMS     2.843
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Energy of a photon pfo in 200GeV jets (1000evt averaged)
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 / ndf 2r  263.2 / 211
Constant  1.722e+03± 1.482e+04 
MPV       0.0333± -0.1449 
Sigma     0.0076± 0.1669 
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Energy of a photon pfo in 91GeV jets (1000evt averaged)

@0.2~15GeV:  Good fit by Landau tail
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Energy of photon pfo in a jet (GeV)

45.5GeV 100GeV 180GeV 250GeV

<2GeV 81.4 73.3 69.2 66.7

<3GeV 88.7 81.6 77.7 75.6

<4GeV 92.3 86.1 82.8 80.7

<10GeV 98.5 95.6 93.5 92.2

Single Jet Energy

Percentage of photon pfo which has energy lower than 2,3,4,10GeV
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