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Motivation and overview

Motivation:

« Compare pion showers for iron (FNAL 2008 & 2009) and tungsten (CERN 2010)
data for energies from 2-10 GeV (overlap of both testbeams)

* Investigate and understand the differences between iron and tungsten absorber
(tungsten absorber proposed for CLIC)

Overview:

» Testbeam setups

« Event selection

 Results for this event selection

« Shower decomposition in simulations
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% Reminder: AHCAL technology

» Sandwich hadron calorimeter

* Active layers: scintillator with SiPM readout
» Two different absorber stacks available

« 38 iron layers:

thickness per layer ~1,7 cm
total calorimeter depth  ~5.1 A

interaction length A 17  cm
radiation length X 1.8 cm

« 30 Tungsten layers:

thickness per layer ~1,0 cm
total calorimeter depth  ~3.9 A
interaction length A__ 10 cm

radiation length X 0.35 cm




Schematic testbeam setups

CERN setup: 1, threshold
cherenkov detectors

N S

Coincidence as
main trigger

FNAL setup:

Muon veto (not efficient)

One differential Multi-particle veto
cherenkov detector

(not efficient)

Coincidence as
main trigger
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Event selection

* Particle selection based on cherenkov information

,  Sheremlovselegion:
‘%12000 - all beam events
o pions selected 1
*10000 -
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Event selection
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« Particle selection based on cherenkov information 80
« Additional cuts needed to improve sample purity 60
: L : 40
 For pions, muon contamination needs to be rejected:
20
 Down to 6 GeV => number of hits and center of
graVity . . cog Z [mm]
4 GeV => shower start found in calorimet: 2 GeV-
« 2GeV => combination of number of hits, = 20
center of gravity and energy = | 600 &
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Event selection

* Particle selection based on cherenkov information
 Additional cuts needed to improve sample purity

 For pions, muon contamination needs to be rejected:

 Down to 6 GeV => number of hits and center of Ring
gravity - first 5 layers

o 4 GeV => shower start found in calorimeter * 6x6 and 12x12 cm” cells

 2GeV => combination of number of hits, |
center of gravity and energy deposit £ _ ean 2003
in last layers * s, 2

10°

* Pre-shower event rejection based on studies with dedicated 4

simulation with particle gun directly before calorimeter o

1

0 10 20 30 40 50
nHits in ring
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Event selection

10 GeV, no selection:
CERN?

—
L

» Particle selection based on cherenkov information

# entries

—
o
w

« Additional cuts needed to improve sample purity

3

 For pions, muon contamination needs to be rejected:

-
o

 Down to 6 GeV => number of hits and center of

—

gravity 5
« 4 GeV => shower start found in calorimeter ey s (V]
« 2GeV => combination of number of hits, i I

center of gravity and energy deposit £ q¢¢| ENAL -

in last layers ® |

« Pre-shower event rejection based on studies with dedicated 1%’
simulation with particle gun directly before calorimeter

10°
« Multi-particle rejection is crucial for FNAL data as visible

from energy sum 0 200 400 600 800 1000
energy sum [MIP]

* Recently discovered possible proton contamination up to 6 GeV (no solution yet)
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Multi-particle rejection

Two types of multi-particle events:

Event display 10 GeV multi-particle

« With additional muons
(due to inefficiency of muon veto)

=> use tracking algorithms to reject in outer part
(6x6 and 12x12 cm? cells)

=> small difficulties to to split tracks

* Two hadrons (no evidence for electron contamination!)
(due to inefficiency of multi-particle counter)

=> almost never two incoming tracks in
calorimeter middle visible

=> use clustering algorithms
(number of clusters, number of hits in clusters)

=> difficult due to to overlap of distributions
(large fluctuations in hadron showers!)

« Combination of both :-( => still ongoing




Results for event selection

10 GeV pion selection for FNAL: 10 GeV pion selection for CERN:
v ' ot L L L L L .
10*

10* |

# entries
# entries

no selection

_ l full selection

10°

l full selection

10?

10

10?

0 2000 400 600 800 100 0 200 400 600 800 1000
energy sum [MIP] energy sum [MIP]

« Muon removed from sample by event selection

» Multi-particle contamination significantly removed by event selection (especially for FNAL)

» Leakage at 10 GeV visible (also present in simulation)
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Linearity and comparison

to simulation

o - - « Mean energy deposit for tungsten
= o 7 well described by simulation
£ 300
=
g : i  Less agreement between data and

B . simulation for iron

200 - —
) . » Higher energy deposit in data points
N S Iron QGSP_BERT_HP i to remaining contamination of sample
100 e =~~~ Tungsten 3G5G5F_BERT_HP =
: = |ran dala :
B —— Tungsten data 7
D 1 A 1 1 A A A 1 A A A 1
- S )
Dy . . . .
yord i O . * Deviation from linearity for all data
22 LE : D 5 points less than 3 %
= @
2 2 [ » — S
= B & |
= 4 6 8 10

available energy [GeV]
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Resolution comparison

= 0.6 . ! ' ' B » Resolution fit function:
@ = -
= - _
"'w" 0.5 :_ « Tungsten data _: rms — b D -
E - * |ron data . medan ,\/E
04 - — Tungsten fit —
i oy Ll i « Just statistical error taken into account
0.3F E
i . » Resolution comparable to previous
02F . CALICE results
0.1 o B » Resolution worse for tungsten data
0 T T » But worse sampling in tungsten

2 4 6 8 : : :
available energy [GeV] * Also shorter in terms of interaction length

Fiparanetr s

Quoted papers:

CALICE EM-paper (arXiv:1012.4343)
CALICE Analysis Note CAN-036

Iron (FNAL) 54.4
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A scale to compare

» Detector setups very different for both absorber types (sampling, number of layers, etc.)
=> need scale to compare them => effective radiation (interaction) length

Effective radiation length X, _.:

1 yv. 'V, :fraction of total thickness for i-th material
X—: Z X : X,; - radiation length for /-th material
0, eff 0,i (same for interaction length)

Validation with 6 GeV electrons, longitudinal profile:

o

A

w
I

Calculated values: —Tungsten

(thickness, X , A, from Mokka descriptions of detector)
e lron: Xoer | MM of calorimeter = 0.0390

—|ron

o
A

0.05}

A o | mm of calorimeter = 0.0043
 Tungsten: X,/ mm of calorimeter = 0.1152

A o | mm of calorimeter = 0.0052

o
T

0 5 10 15 20

effective X,
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Longitudinal profiles

10 GeV pion iron: 10 GeV pion tungsten:
E v ' ' ' ' ' v 1 v v v v 1 v ' ' ' 1 E = " 1 v v v v 1 ' ' ' v 1 v v v Ll
= i I s 15 B
%‘ 15 — —#— Data % B —&— Data
E : QGSP_BERT_HP i E - - QGSP_BERT HP
e e s 10 —
2 10 ] %‘ :
° g .
0 0
ju 1.2 - = 5 1.2 = 3
o S E o " E E
E 1 - _; E 1 - _;
0.9 F 0.9 F
0.8 ] 0.8 ;5

j : R

1 2 3 2[4
* Longitudinal profiles well described by simulation for tungsten

 Less agreement for iron most likely due to sample contamination
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Radial profiles

10 GeV pion iron: 10 GeV pion tungsten:
lh_gl 10'1 L L L L 'l\_gl rrrr [ rrrrrrrr 1
s z 10"
= =
:; o QGSP_BERT_HP :e
107
10
s 12— - - - — g 12— . . . —
s WE E S 11f =
= 1E = = 1 E
0.9 E E 0.9 F =
0.8 F : : : : : E E . . . . . E
0 50 100 150 200 250 ;300 085 50 100 150 200 250 ;30

» Radial profiles very similar in data and simulation (mostly within +10%)
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Profile shape agreement

I[ron Tungsten
()] - 1_ LA IR AL UL L - 1_' T T TR TR TR
= 1 8 | —— . 1 <+ Shape agreement &:
O & [ 1 5 [ i -
S Soos| - 1 Zoosf /\__,_,._-—— 3 (describes overlap)
© 8 [ 1 &
£ 2 - g I . _E?K7_E?Ma
S = 0.9 . - 09 . EZZ min ,
43 1§ - —— QGSP_BERT_HP £ - —— QGSP_BERT_HP i EMC E data
g %0.85 [ —— FTFP_BERT_HP N %0.85 [ —=— FTFP_BERT_HP ] -
o < [ ——QesPBICHP ] ® f  ——oqcsPBiCHP ] E. :energy deposit in i-th layer
- P, : S i 1 E : total energy deposit
T T e 810 T T 8 10 ' 9y aep
beam momentum [GeV] beam momentum [GeV]

- 1 (. L L. L L S WL L B - 1

; ;\.\/7—%: s | 1+ On average

£0.95 :_//’\_: Coosf 1 QGSP_BERT_HP gives
o & | 1 g t ] best description of shower
S % ooof 1 2 o9f 3 profiles
a E i —— QGSP_BERT_HP ] E [ —— QGSP_BERT_HP T
T 0.85 —=— FTFP_BERT_HP ] 0.85 —=— FTFP_BERT_HP ]
S ' —— QGSP_BIC_HP ] T —— QGSP_BIC_HP
6:6 i —— CHIPS ] i —— CHIPS

0875 4 6 8 10 0877 4 6 8 10
beam momentum [GeV] beam momentum [GeV]

12 /16



Shower decomposition

Divide the shower into following components:

Electromagnetic component

Neutron component

n R
N@n’@n -&

Hard Inelastic Elastic Neutron
Interaction Scattering Scattering Capture

Incoming
particle

Charged particles Charged particle component




Shower profiles with

shower components

« Decomposed longitudinal profiles allow preciser statements about quality of simulations

* In tungsten, the em component peaks in the very first layers and dominates the energy
deposit there

=> can distinguish quality of modeling
Tungsten 10 GeV Qlon, Q SP BERT HP:

mean energy deposit per layer [MIP]

Iron 10 GeV pion, QGSP BERT HP:
[T —r 1 T [ 1 11

15F .~ -

10F

Total energy -

Em component
Pion component |
Proton component -
Neutron component -

Itl 1 1 I 1 1 1 1 I

mean energy deposit per layer [MIP]

10

Total energy-

Em component 1
Pion component
Proton component |
Neutron component |




Em component

Neutron component

lron __

Results for shower

———
— —— QGSP_BERT HP

[ —— FTFP_BERT_HP
: —— QGSP_BIC_HP
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-
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B
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available energy [GeV]
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40

mean neutron energy per event [MIP]

6 8 10
available energy [GeV]

decomposition

Only two components of the shower show a major difference between iron and tungsten

-
&)}
o

-
o
o

mean em energy per event [MIP]

mean neutron energy per event [MIP]

&)
o

60

40
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6 8 10
available energy [GeV]

7T
L —— QGSP_BERT HP
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- —— QGSP_BIC_HP
[ —— cHIPs

—— QBBC

2 4 6 8 10

available energy [GeV]

* Predictions by simulation
vary strongly between
physics lists

* Visible em compnent
smaller in tungsten
(partially absorbed in non-
active material)

« Neutron component only
slightly higher than in iron
(also suppressed because
of absorption in non-active
layers)




Summary

« Event selection for iron and tungsten low energy testbeams shown
(Ongoing)

* Linearity of pion data better than 3 % for both testbeams

» Resolution similar to earlier measurements: Tungsten ~ 61 %
lIron ~54 %

« Shower profiles for tungsten data agree well with simulation
« Shower profiles for iron data show less agreement due to sample contamination
« QGSP_BERT_HP gives on average the best description of the shower profiles

« Decomposed shower profiles enable to make precise descriptions on the quality
of the modeling of individual shower components

« Shower decomposition shown and the differences between both absorber types
(em and neutron component) investigated which is due to the difference in

the Xol )\im ratio between both absorbers
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