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W-AHCAL + TCMT

« W-HCAL+ TCMT setup used in the SPS

« HCAL: 38 tungsten

H8 beam
« TCMT Purpose

- Measure punch-through of high-

layers, each 1cm thick,
corresponding to ~4A

. TCMT.: 8 Fe layers,

energy particles

- Increase overall energy resolution

each 2cm thick

. TCMT,: 8 Fe layers,

each 10cm thick

 Distance between

layers 32mm leaving
space for sensor layers

e TCMT read-out:

from LCD-Note-2012-002

scintillator strips and
SiPM




@ Data Sets & Events Selection

 Reconstructed CERN 2011 test  Pion events selection based on

beam data of HCAL+TCMT HCAL-selection cuts
« Data at beam energies from - Check if energy-sum is
10 GeV to 300 GeV for positive reasonable for pions
and negative particles - Muon & electron rejection
- Here: Analysis of pion event - Empty event rejection, pre-
sample shower rejection

- Shower should start in one of the

: i first 4 layers
Example: 100 GeV, negative pions | y

Pion -100 GeV HCAL hEn100_0 Pion -100 GeV TCMT, hEn100_1 Pion -100 GeV TCMT, hEn100_2
g Entries 15697 g Entries 15697 g 200F Entries 15697
= Mean 2819 = Mean 63.72 = Mean  18.91
c 401 c 80 c
@ RMS 2736 [v}] RMS 88.07 Q RMS 33.2
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@ Estimation of Energy Resolution

* Determine energy sum Pion 100 GeV HCAL-only hP100 0
distribution % 140F Entries 6626

}_.E 1201 Mean 2681

« Use only 80% of most central o RMS 2709

entries of the E_ _ peak for a 100r

fit with a Gaussian function oor

60

. Extract mean <kE> =<E__ > a0l
' 20_
and width o_=0_ ., of peak 0 o | | |
based on Gaussian fit function 0 1000 2000 3000 4000 5000
results E. (a.u)

« Energy resolution:
o/<E>=0_, . /<E,

O%>

E80%




Comparison of Energy Resolutions

sum,HCAL

1*E +1*E +1*E

sum,HCAL, TCMT = sum,HCAL sum, TCMT1 sum, TCMT2

« Sampling: x* minimization of difference in E, o @Nd E

ut reco,corrected

E ot is chosen here to Ebeam, use full 100% of the E_  peak

n

- “Naive/simple”: simultaneous minimization of several weights
_ * * *
Einput - wH EHCAL + WT1 ETCMT1 + wT2 ETCMT2

- “Uncorrected”: use known properties of calorimeter and 1 scaling factor

= w__ _*(e/m), * (MIP/GeV)', *E

input global HCAL
* * -1 *
+ wglobal (e/T[)Fe (N”P/GGV) Fe ETCMT1
+ wglobal ’ (e/n)Fe ’ (MIP/GeV)-1Fe "4 *ETCMT2

- For current setup: (e/m),, =1.0, (e/m)_ =1.19,
(MIP/GeV),, = 27.0 MIP/GeV(MIP/GeV)__ = 42.3 MIP/GeV



@ Comparison of Resolution: Example

Pion 100 GeV HCAL-only hP100_0 Pion 100 GeV HCAL+TCMT hP100_1
% 140F Entries 6626 % 160 Entries 6626
',E 1201 Mean 2681 _E 140k Mean 2773
@ RMS  270.9 Q RMS 2115

100 HCAL- 200 HCAL+
so. only 0 TCMT
80
60
60—
40~ 40k
20 20—
1 |
l:]0 1000 2000 3000 4000 5000 0O 1000 2000 3000 4000 5000
E,,. (@u) E_. (@u)

Pion 100 GeV HCAL+TCMT+sampling hP100_2 |  Pion 100 Gev HCAL+TCMT+sampling uncorrected hP100_3
N Entries 6626 0 Entries 6626
@ o)

'S 400 Mean 995 S 400k Mean  99.5
& HCAL+ rRus  7.021| @ HCAL+ RMS  7.062

soo- TCMT+ s00 TCMT+

sampling sampling
200} (S|mple) 200 (UNcorr.)
100 100
OO 100 200 00 100 1 50 200
E (a.u) (a.u)

sum

Sum




Beam Energy Dependence




Energy Resolution versus Beam Energy

1 0.35 - . - Estimated for

= F v e Sampling is HCAL-only, HCAL+TCMT,
o) i instable at HCAL+TOMT4simol i
03: A HCALTCMT |Owenel’gles ....... ....................................... + +S|mp e'Samp |ng,
[ HCAL+TCMT+
| —ll— HCAL+TCMT+simple-sampl. LOW .
0.25¢ T = uncorr-sampling
| —®— HCAL+TCMT+uncorr.-sampl.
02:_ ........................... Largetanat ......... * Samp“ng: Welghts are Optlmlzed
- f for each energy separately
015;_ ................................. ....................................... . FEor h|gh energy runs, O.E/E
- : ' | decreases when using
0.1- information of TCMT
0.05 — --------------------------------------- --------------------------------------- « Increase of o_/E at high E due to
- | | | tail at low E__ — peak appears
-900 -200 0 200 400 to be broader
Dion Ebeam (e-GeV)) | Both sampling approaches give

similar results

. Sampling further decreases o_/E




@ Shower Start Dependence

11 0.35; 1110.35

~u [ —¥— HCAL-only Shower Start <=3| "W [ —¥— HCAL-only Shower start = all
© i S T R — © i S R— T
03 [ —ak— HCAL+TCMT 03 [ —dk— HCAL+TCMT
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pion‘ beam pion. beam

. 0_/E increases when allowing the shower to start in all layers

— Leakage effects at high energies are more pronounced
— Larger leakage — lager tails at low E_

— Larger difference between two sampling approaches
"TCMT Analysis ... EvaSicking11



Shower Start Dependence

- Introduction
- Energy scan




@ Shower-Start Dependence @ 100 GeV

CERN 2011 Pion at 100 GeV
03— * |ncreased resolution

-~ — A HcALony() - .
L e hoastonry when using only first

~ —B— HCAL+TCMT+simple-sampl. () layers for shower start
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: O HCAL+TCMT (+) o Impact on shower start
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O . ‘I e e s o . ................ . ................ o
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@ Shower-Start Dependence @ 100 GeV

CERN 2011 Pion at 100 GeV CERN 2011 Pion at 100 GeV CERN 2011 Pion at 100 GeV
.._Lu__Lu 03 + Hc;AL-onIy:(-) E 03 ) e WeightHCAL " E ] .
S oo | g | Weights of . Weighti,, | P14 Weights of . Weight |
025, I e | 3| simple T gggrenno | F | uncorr.
‘ o e sampling o weight/ " ., sampling . Weight
e HCAL+T<:MT+unc|:rr..sam:>i. ) 0.2t —5— Weight_ ) ' global (+)
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0,055 "16"15 2025 30 38 40 45" 00510 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
maximum shower start layer maximum shower start layer maximum shower start layer
— * _1
Einput - WH EHCAL Einput = W*(e/n)w*(M/G) w *EHCAL
* -1
+ wT1 ETCMT1 + W*(e/T[)Fe*(M/G) Fe *ETCMT1
* -1
+ wT2 ETCMT2 + W*(e/T[)Fe*(M/G) Fe *4* ETCMT2
- Independent weights w_,w_.,w_,, do not have expected values from “uncorrected sampling”

approach, e.g. w_, should be 4 times w.__

- Simple method has many degrees of freedom. Favor “uncorrected sampling” approach with
only one degree of freedom but slightly worse resolution

* Weights dependent only slightly on shower start



Energy Scan

(all energies in backup slides)
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Shower-Start Dependence @ 10 GeV
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e Results of HCAL and HCAL+TCMT are almost the same

« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights



Shower-Start Dependence @ 60 GeV

CERN 2011 Pion at 60 GeV CERN 2011 Pion at 60 GeV CERN 2011 Pion at 60 GeV
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¢ om0 | g | Weights of . Weighti,,, | P14 Weights of . Weight |
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maximum shower start layer maximum shower start layer maximum shower start layer
E =w_"E
H —HCAL = W* * i *
neut w_*E Einput = W (e/n)w (M/G) w EHCAL
T o_Temm +w(e/ T[)Fe*(M/ G)_1 Fe *ETCMT1
w_"E 4w
T2 ~TCMT2 + w*(e/m). " (M/G) 1Fe 4*E_ \iro

* Here, the sampling starts to work, as enough hits reaches the TC

Sampling gives stable results

« Weights are almost independent of shower start cut



@ Shower-Start Dependence @ 250 GeV

CERN 2011 Pion at 250 GeV CERN 2011 Pion at 250 GeV CERN 2011 Pion at 250 GeV
w 0.3; R = 0.5 : =
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« Sampling works, gives good resolution also at higher shower start values
« Weights are almost independent on shower start

« Weights of “uncorrected sampling” approach is close to 1 but grows with
energy



Summary

* Energy resolution of « Shower start dependence of energy
HCAL, HCAL+TCMT, resolution
HCAL+TCMT+simple-sampling,

HCAL+TCMT-+uncorr.-sampling - Strongest in HCAL-only data

 Low energy runs - Only slight dependence in

HCAL+TCMT(+sampling)

- No difference in resolution when
adding TCMT

- Sampling does not work as too
few hits are in the TCMT

« Shower start dependence of
sampling weights

- Weights seems to depend only
slightly on shower start

~ Weights have | inti - i
elghts have large uncertainties . Weights of “uncorrected” sampling

« High energy runs increase slightly with energy

- Increased resolution when
adding TCMT (+sampling)

- Sampling works fine and gives
stable results



Outlook

« Comparison of data and simulations

o Study EInlout dependence of weights and energy resolution

« Study linearity of response

« Choose one energy for the determination of the sampling weights
and use these for all data

— Data or MC

« Study impact of noise




Backup
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Shower-Start Dependence @ 10 GeV
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e Results of HCAL and HCAL+TCMT are almost the same

« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights



Shower-Start Dependence @ 20 GeV

CERN 2011 Pion at 20 GeV CERN 2011 Pion at 20 GeV CERN 2011 Pion at 20 GeV
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» Results of HCAL and HCAL+TCMT are almost the same
« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights
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Shower-Start Dependence @ 30 GeV
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 Results of HCAL and HCAL+TCMT are almost the same

« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights
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Shower-Start Dependence @ 40 GeV
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 Results of HCAL and HCAL+TCMT are almost the same

« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights



Shower-Start Dependence @ 50 GeV
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.._Lu__Lu 03 + Hc;AL-onIy:(-) %’ 0.5 | WEIthHCAL” % ] .
b I i :gitjgzl*{:imple-sampl. (-) -q__) \I\/(alghts Of me:g::TCMT“ () -CTJ 1 4 B Welghts Of B WelghtglObal (-)
0.25 e |2 0.4 IMPIE || T weigher@m2t ® Jneor j
O reavtamm sampling | Weight " 10l sampling . WelghtglobaI ")
I — 3 HCAL+TCMT+uncorr. -sampl. (+} = WelghtTCMn )
0.2 0.3 4991 : |
; i %g % § % %
015 02— s d2a 4+ & & 4 §§§
A A A 0.8~
0.1; _ 01— Mrar & & 3 3
wihs s 88 B ﬁ 06l
OOS_I\IIH\III\III\\\II\\III\\I\I\HI\I\IIII 0 fTT T T T T 1 ‘H\Il\l\\l\l\\l\ll\l\\Ill\\I\ll\\\‘ll\\‘llll‘\l\l
70 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
maximum shower start layer maximum shower start layer maximum shower start layer
E._ =w/E
H THCAL = w* * i *
et w_*E Einput = W (e/n)w (M/G) W EHCAL
T1 —TCMT1 * * -1 *
w_*E + W (e/T[)Fe (M/G) Fe ETCMT1
* * -1 * A*
T2 TTCMT2 + W (e/T[)Fe (M/G) Fo 4 ETCMT2

» Results of HCAL and HCAL+TCMT are almost the same
« Sampling does not working properly as there are almost no hits in the TC

- Large uncertainties of weights



CERN 2011 Pion at 60 GeV

CERN 2011 Pion at 60 GeV

Shower-Start Dependence @ 60 GeV

CERN 2011 Pion at 60 GeV
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Here, the sampling starts to work, as enough hits reaches the TC

Weights are almost independent on shower start



Shower-Start Dependence @ 80 GeV
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« Sampling works, gives good resolution also at higher shower start
values

« Weights are almost independent on shower start



@ Shower-Start Dependence @ 100 GeV
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« Sampling works, gives good resolution also at higher shower start
values

« Weights are almost independent on shower start



@ Shower-Start Dependence @ 120 GeV
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« Sampling works, gives good resolution also at higher shower start
values

« Weights are almost independent on shower start



@ Shower-Start Dependence @ 150 GeV
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« Sampling works, gives good resolution also at higher shower start
values

« Weights are almost independent on shower start
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CERN 2011 Pion at 180 GeV
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Shower-Start Dependence @ 180 GeV
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« Sampling works, gives good resolution also at higher shower start
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« Weights are almost independent on shower start
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CERN 2011 Pion at 200 GeV
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Shower-Start Dependence @ 200 GeV
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« Sampling works, gives good resolution also at higher shower start

values

« Weights are almost independent on shower start
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CERN 2011 Pion at 250 GeV
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Shower-Start Dependence @ 250 GeV
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« Sampling works, gives good resolution also at higher shower start

values

« Weights are almost independent on shower start
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CERN 2011 Pion at 300 GeV
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Weights are almost independent on shower start

Shower-Start Dependence @ 300 GeV

CERN 2011 Pion at 300 GeV
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Sampling works, gives good resolution also at higher shower start
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Shower Start
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