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How does a hadrownie shower Look Like?

Sketch of hadronic shower « Consists mainly charged and neutral pions
« Large component of secondary particles in
hadron cascades are 7
— E.M Component
 Initiating electromagnetic sub-cascades in a
hadron shower

|
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(~ Hadronic component « which represent ~ 1/3 of total energy
produced in each inelastic collision

« Hadronic showers have a complex structure and
are theoretically not as well understood as
electromagnetic showers
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Motivation

« Shower shapes can be investigated with excellent accuracy, due to fine segmentation of the
AHCAL

« The goal is to model the shape of an average hadronic shower

* ldentify the core/short part of the shower with an EM component, and the long/halo part with the “truly” hadronic
component and to get an estimate of “average electromagnetic fraction”

This talk is partly an extension of the CALICE analysis talk
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https://agenda.linearcollider.org/event/9265/contributions/48365/attachments/36880/57697/Pion_ShowerShapes_300621.pdf

e

S a VVUP Les a M/d SBLCO{:LD M/ Energy (Ge;/) Run No.

10 61293
20 61296
30 61213
. 40 61212
« Data for electrons & pions are from June 2018 recorded at SPS CERN test beam 50 61214
60 61211
« Reconstruction of samples are done using CaliceSoft v04-14-02 o e
« Simulations of half a millions events done using QGSP_BERT_HP & 00 1217
FTFP_BERT_HP physics list from GEANT4 v10.03.p02 for all available energies Energy (GeV) Run No.
10 61265
20 61273
30 61384
- Applied PID using BDT-technique to remove beam contamination o o
« First physical AHCAL layer is excluded due to uncertainties in shower start identification 18200 2}3;3
160 61222
200 61201

« EXxclusion of events with shower start beyond sixth layer to minimize leakage
* Require single track and track hit match inlayer 1 || 2 || 3
* Apply gap rejection of 2.0 mm to require the impact point to not be in between the two slabs

« Selected events in MC are within the statistics available in data, due to the acceptance area of trigger scintillator
and wire chamber (10 x 10 cm?)
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<Energy per layer> (MIP)

Longitudinal Parametrization

« Longitudinal profile is the mean energy deposited per layer from the shower start

 Parametrised with a sum of two Gamma-functions
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Short component

https://arxiv.org/pdf/1602.08578.pdf
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AE/AS (MIPxmm)

rRadial Parametrization
« Radial profile is the distribution of the energy density as a function of the radial distance to the shower axis

« Parametrized with the sum of three exponential distribution
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Radial shapes Lager—-wtse
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I, L cndolin ool  Intermediate layer
' | « Nearly last layer

» Allows to check the dependence
of the radial parameters on the
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* The beta’s show very little dependence through the layers
Paraveters . Let’s fix the beta’s based on the values from simultaneous
fits of longitudinal and radial shapes
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Radial shapes Lager-—w’use
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Paravaeters

Energy (MIP)

Electromagnetic energy (MIP)
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« Assumption in longitudinal fit that the short part is
related to EM and long part to Hadronic,

« Then split into electromagnetic and hadronic
part energy then these individually should

agree with one Gamma function.

['(a) \B

AE(z)=E- L (g>a_1 . e

described by a single Gamma function

B

The energies (EM & Hadronic) and fraction’s are
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Comparison of EM core of hadrown shower to electrons

Is our hypothesis of simplified picture of a hadronic shower correct?

S B L
« A simple Gamma function does not fully o 500 F .. s )
describe the data 7 o1 _z E u "'{ -“} —— 120 GeV « (EM energy)
1 e’ g - —~—40GeVe* i
AE(N=FE. ! — . [Z . > B { | i
) B -
- N i
* The depth of the maximum looks fairly 8 1 - .
similar for electrons and pions = 00 .
- - -
- But, longer tails in pions % 50 Hf N
- EM energy is deposited by later = § .
shower generations, and is deeper in O H i
the calorimeter 5 ol B W< 2 21 TT 1L, ]

D 0 10 20 30 40
i Depth (X )
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Cowmparison of EM core of hadron shower to electrons

Zynt = (a—=1) x B+ cov (e, B)
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3D FIts

We have seen that the layer-wise fits work with the same betas for all layers.
Try this fit with layer-independent hadronic beta’s

HELMHOLTZ &iciiituees

Shower Shapes in AHCAL | Olin Pinto




Parametrization

« Three terms, each individually written as:
 EM core with one z dependent function and with exp. inr
« Hadronic with two parts: core and halo with z times function of r
« Itis the sum of two which are factorized in r and z

z —Z

%(T Z) B 1 EEM (i)as_l eg—s QIB.E;E—M . EHAD (£>(1{11 e Bl
’ Bs  (BEM)?  T'(«) Bi

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nt (Z)at_l e?th 6.85;‘39 —l_ . Nt (i)at—l 8%: eﬁ{;IAD
%F(Oét) B B (5£IAD)2§ I'(ay) \ By B, ( {;IAD)QE

R R R AR AR A A AR AR REREREREEEEEEEEEEEEEEY AR E R R R R AR R R AR AR AR AR AR AR AR AR A AR AR AR AR AR E AN AN AN E AN AN AN NN NN RN RN NN RARARARARARERERARERERERRRR AR Rann R R

Total 12 parameters that allow determining the 3D shape of a hadronic shower
» 3 radial slopes
« Normalisations for each:
« The energy of the electromagnetic core,
« The energy of the hadronic component,
« The halo fraction of the hadronic component

« parameters from 3 gamma function
DESY. | | Olin Pinto Page 14

Can this parametrization describe the
longitudinal and radial evolution of pion showers?



v2/NDF

3D wodelling of hadronic showers
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Zehet (X )

* We gain some additional information in the 3D fit which was not present in the 1D fit, and
Pa VﬂWLE'teVS that is why the parameters change slightly

« With this parametrization all energies are be described well

short component long component
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To Learn the shower structure

In data, we can see only indirectly if / how well the short or core component fits to an EM shower,
but in simulation we can actually check it by looking into the history of the particle shower!

The assumption that the core/short component is related to purely EM-shower (eta or pi0’s)
and the halo/long component is connected to hadrons (neutrons)
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Neutromness angd EM-ness

 Neutronness/Emness is defined as the energy-weighted contributions of MC particles with a
compared to all contributions to the Sim hit

Energy(contribution)

NBUt’I"OR’I’LBSS or EMTIGSS (h’Lt) — contribution:Neutron or EM Ancestors : :
Y contribution 2NETgY(contribution)

« Define neutronness or EM-ness an energy weighted quantity to call a hit “from a neutron or

EM particle respectively” ’ N —
Reco Hit § e -‘:GSP-BE“T-“P'”“‘?‘_*_.‘_’__._
-— eutronness
2 (0] 102 P EMness
Sim Hit g ' '
Q A3
N 10
4]
€10
O
Z10°
10°°

has neutron/EM 1077
ancestor 0 0.2 0.4 0.6 0.8 1
MC contributions a.u.
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Longitudinal and rRadial shapes

From the radial profile it is clear
that the neutrons persist in the
entire calorimeter region, mainly
dominated in the outermost parts.
Whereas, this behaviour is partially 5
suppressed in longitudinal profiles.

in layer (MIP)

The core of the shower is clearly
dominated by the electromagnetic
part of the hadronic shower.

At larger radii, the probability that
the hit contributed by other
particles is minimum as compared
to smaller radii, due to lots of
hadronic activity.

DESY. | | Olin Pinto

Emness = Energy(hit) * EMness(hit)
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EM-ness

The function with short component is drawn for the longitudinal profile to describe the EM part of shower
» For the radial the function is fitted with two exponential distribution with core component fixed due to its
independent behaviour w.r.t energy
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E/AS (MIPxmm)

Neutron-ness

The function with hadronic halo component is drawn for the radial profile to describe the halo part of the shower

1 0 T T I T I I T T T T T T | CG—\ 1 0 T T T T T T T T T T T T T T T T T T | — 1 0 T I T T T T I T T I T T T T T T T
_ QGSP_BERT_HP, 10 GeV .E ‘ QGSP_BERT_HP, 80 GeV o : QGSP_BERT_HP, 200 Ge
i Neutronness = 1 S s —e— Neutronness S E 1 Neutronness
- [ nadronic halo Q>f 10! : [___] hadronic halo % 1 [ hadronic halo
— — 10—2
)] W
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L
10° <10

P T P P P S I T R Y A B T B
0 f00 200 300 400 107, 100 200 300 200 107, 100 200 300 400
r from shower axis (mm) r from shower axis (mm) r from shower axis (mm)

* We do see the radial slope of the halo distribution and the neutron component. But clearly, the
normalization is not correct

» Also, for the EM part of the shower, the shapes are similar but the normalization is wrong and also
we see that by fixing the EM-slopes we do not really get very good description of the shower

 We clearly see that our explanation is too simple
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Sumenlid Vg

CALICE-AHCAL is an imaging calorimeter and is granular enough to fully exploit the
characteristics of particle showers

Hadronic showers shapes are well described by the sum of three components gaining
additional information

« A model that relies on 12 energy dependent parameters which describe an average hadronic shower

The assumption of hadronic shower is found to be a simplistic picture

» As the EM part of pion shower is similar, but longer and deeper than electron shower

Potential applications of the model!

In PFA algorithms, to determine what is the probability that a hit belongs to some particle shower
or not

« Currently, shower shapes in PFA makes use of one Gamma function for the description of longitudinal profile

Deliver an easy analytical parametrization of hadronic shower for fast simulation, e.g Gflash

The main code will be documented on Git to reach wider calorimeter physics community

THANK YOU FOR YOUR ATTENTION!
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https://github.com/PandoraPFA/LCContent/blob/aabb475ab87a538826befb36e79e27bc977e321f/src/LCPlugins/LCShowerProfilePlugin.cc
https://github.com/cms-sw/cmssw/tree/master/SimG4Core/GFlash
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« Averaging the contribution from different o) .
. C . C ]
physical layers minimizes the layer-to-layer o | | i

1 I L L L L I L L L L

variation 0, " 5 3 4

Radial: Identification of shower axis layer from shower startin A,

 The uncertainty is related to the difference & ELLL j S b A | “
between the two methods of shower-axis g e TE | { \_x
reconstruction 'C'Q']' 102 ;E . l‘_l_‘_l_‘_\_‘_‘ﬂ 80 Ger:::_BE_HT_H_P; _% 0 : \"A""\"‘M :

| o f sl - \ :

- Event centre of gravity R 3 | o0 /\! '

. . . . . 104 E— o o o o . P e N Annin 1
|dentification of incoming track . L L = 0 100 200 300 400

X r from shower axis (mm)
r from shower axis (mm)
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Parametrization

https://arxiv.org/pdf/1602.08578.pdf

: : o _ —Z[Xq) _ —Z[A 1]
Longitudinal profile is the mean f ZIX\ =Y e A 1—f [(ZM\MTY e
- AE(z) = - . + . .
energy deposited per layer from the I' () B Bs I' (o) B B
shower start
Parameter \ Long component /
z distance from the shower start Short component
E mean visible energy
g, B shape parameters Y
ag, B slope parameters
f short fraction
r gamma function

aT

Core

component

component

ralo Radial profile is the distribution of the energy density as a function of the

radial distance to the shower axis

S _r‘ Parameter
AE (T) _ E 4 (1 o f) r distance from the shower axis
AS or [3 B2 57 E mean visible energy
Be, Br slope parameters
DESY. | Shower Shapes in AHCAL | Olin Pinto f core fraction Page 25




Vvirtual cells

« To analyse the radial shower profile, finer width is chosen

« All physical AHCAL cells (30x30 mm?) are subdivided into
virtual cells of 10x10 mm?

* In this method, the energy deposited in the physical cells is
equally distributed over the virtual cells covering its area

i, T
SE%%@fM% f

DESY. | Shower Shapes in AHCAL | Olin Pinto

AHCAL Cell
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EI100IEI100|EI100|EI100|EI100IEI100|EI100IEI100|EI100|EI100

Page 26



Shower origin

Comparison of visible energy and number of hits with MIP-like deposition
« Calculate visible energy, E;, and number of hits, N;, in i-th layer
Average visible energy E; within a sliding window of m layers up to k-th layer:

m—1
Mk — Z Ek_j/m
7=0

Calculate sum of averaged visible energy and number of hits in two successive layers
Ivlk + l\/|k+1
I\Ik + I\|k+1

|dentify shower start if both values are above their thresholds

Thresholds are beam energy dependent and tuned using simulations

DESY. | | Olin Pinto Page 27



Comparison between Data § MC

Longitudinal profites

QGSP_BERT_HP
FTFP_BERT_HP

« The energy deposition
predicted by simulation
around the shower
maximum is lower
compared to data

* The tail of the shower is
well reproduced by
simulation at all
energies

* In general,
FTFP_BERT_HP show
more variations within
energies

DESY. | Shower Shapes in AHCAL | Olin Pinto

MC/DATA

MC/DATA

MC/DATA

1.2:—

-

08

06F

14 F

*%
9-: |
+
+

|
+E
—"—ﬁ
F
|

2 3 4
z from shower start in

=i
T TT

1.4

4_:%+ﬁ:t###+++1+¢+L vl =T

40

Gev =

b 8 G2 23

0.6 __ -

0.8 |

1.4

1.2

—_

0.8

0.6

I I2I - 3 4 -
z from shower startin A,

) GeV

»%## o ﬁ.Tiﬁﬁj{!‘;::::

1 2 3 4
z from shower startin A,

MC/DATA

1.4

1.2

MC/DATA

MC/DATA

- 20 GeV .
++g+**¢“*#w+w++++++#*%i=i
e Hilki
0 121I34
z from shower start in 2,
1.4'”” ,
- 60 GeV
12}
1 ﬁm:im#wmw#ﬁ%_ .
[t
0.8
0.6 F
1 2 3 a4
z from shower startin 2,
1.4 :I an
b 160 GeV
C +1++
1 : * + #+++;ﬂ#wﬂ¢wﬁ -ﬁ ﬂﬁ—
R
0.8 f
0.6 |
I e

1 2 3 4
z from shower start in 2,

MC/DATA

PP RN U N S— ] —
- 30 GeV ]
12 : i 5 .
([ et
0.8 E} z =
06 5 . .
I T T
z from shower startin A,
< L LA L L R LB R 1N B
E 1.4_ SRURRSIN: NESRHHUNSRSURHUHON: SRTUSISRRSSSSSHN WSS ¢ 1 I—— —
Q C .
O 1.2 ]
= C
1| e b 5
0-8—” TURHININS SSNSR——| 1 N W—— __
06 r
IS S IS S S NS T S N | | n
0 1 2 3 4
z from shower startin A,
<C L rrrrTrTT I rerrrrrea I r> 7]
= o14p 5 .
S °F 200 GeV ;
g 1.2 ]

-

0.8

0.6

#

panyog HEN

# + MM&MHW# *,

...................

z from shower startin A

3

4

Page 28



DESY. |

Comparison between Data § MC

QGSP_BERT HP

The agreement of energy
deposition between data
and MC near the shower
core is within 20%, with
larger difference at lower
energies and better at
higher energies

For deposition far from
shower axis the
simulation is over-
estimated at all energies
with larger discrepancy of
MC to data and the
QGSP_BERT _HPin
general obtains higher

values
| Olin Pinto
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ENERGY DEPENDANCE OF
SHOWER PROFILE PARAMETERS

HELMHOLTZ &0 eees
| Shower Shapes in AHCAL | Olin Pinto



Longitudinal Parameters

Decreases with energy until 30GeV
and shows opposite behaviour from

(6}
TT T T |

T ]
« | -¥-DaTAz2018

T
] -¥-patazois
| ¥ DATA 2007

7] -¥ QGSP_BERT_HP

FTFP_BERT_HP

£
| = -¥— DATA 2007
4 - QGSP_BERT_HP
1 FTFP_BERT_HP

g

¥

—

80 GeV which is also predicted by 4.5
both the simulations

M
IIIIIIIII
— — —
I~ (o] (o0}

» Both physics list show an agreement

to data within ~5 to ~10% 3'5; : ] 1.2 P
0 50 100 150 200
0 50 100 150 200
Beam momentum (GeV/c) Beam momentum (GeV/c)
O T LE) : | - ¥ QGSP_BERT_HP
« Almost energy independent above s 120 ] vose S [ o
30 Gev alSO prediCtEd by both E 11:_ ¥ I 1 | FTFP_BERT_HP g —\ FTFP_BERT_HP
PRT o P = « ] NP P %
phySICS IIStS @"_cn 1:_ /»4/1 \\T\.ﬂ\! _: S 0.95 H|-4- | /“"/ —
SRR E 3 =gl
There exists a very high correlation 091_*" 1 i
T ]
between a.and 3, :‘ _ 0.9
R T e . ——— 0 50 100 150 200
0 50 100 150 200

Beam momentum (GeV/c)
Beam momentum (GeV/c)
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Maximum Position of the “short” Component

 The maximum position of the U= B o o o . -3 DATA 2018
“short” component, Z3mort js = - 4 ¥ patazo07
extracted from longitudinal profile &3 8 : | | | | ¥ qcsp_BerT_Hp

-
nE

Induced by pions

FTFP_BERT_HP

« Data samples exhibits a
logarithmic rise as expected

 Consistent difference between
data and simulation for
Increasing energies

0 50 100 150 200
Beam momentum (GeV/c)
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Longitudinal Parameters

S : I I"-“""y‘: - DATA 2018 3 16 R
= /'//*,/-"* - ¥ DATA 2007 o L 1 ¥ patazoo7
1.6 i/‘ / o -)- QGSP_BERT_HP - ‘+?—’L | ¥ acse_serT_Hp

. . . . : i ETEP BERT HP L k-—" . _“_,___.—.". | FTFP_BERT_HP
« Shows logarithmic rise in energy I ,%/ ) pi 14 ’H’ 1 --

14f iy ] vl
« Both physics list show similar I ;f 3 jW

: 1.2 1.2

behaviour and the results are - A - ,{Z

comparable i I _
?ﬁ - 0 50 100 150 200

0 50 100 150 200 Beam momentum (GeV/c)
Beam momentum (GeV/c)

 Almost energy independent above £ | yewmmme 2 VE T T amesune
80 GeV also predicted by the two E 1 < : }\1 I R S o [T
physics list gﬁ 5__1_05§ L '/ H‘\ S
%095 . =R !/ -
« Two physics list are overestimated : f
at 10 GeV by ~10% 0-95 _Wi
0.9 0.9F ]
0 50 100 150 200

0 50 100 150 200
Beam momentum (GeV/c)
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radial Parameters

» Decrease at a faster rate at low
energies compared to the energies
above 30 GeV, this behaviour being
well reproduced by simulations

* No energy dependence above 30
GeV

« Almost no energy dependence
above 30 GeV also predicted by
simulations

* In general, simulations obtains a
larger halo component and the
difference in the parameter
Increases with increasing energy

DESY. | | Olin Pinto
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Energy- Scaling Parameter

<0000 ———T T~ EOOOO-""""""""'-+Dm
c i ] ::;;:_BERT—HP -t% B 1 - ccsp_sert_wp
58000 : / , ] FTFP_BERT_HP ;8000 - - FIFP_BERT_HP
? : v _ N & : /\;: : Dala &nergy sum
« This parameter is obtained from 56000 _ = Ok
. . . . — L ! 4 > B T ]
the longitudinal and radial fit % s000f / - 24000 | /--\/
function and is equal to the < | y L ; & f .
integral under the curves up to 220007 - 20000 7
infinity as this corresponds to the TN s SR BN DU O o
i : : 0 50 100 150 200 0 50 100 150 200
mean visible energy in units of Beam momentum (GeV/c) Beam momentum (GeV/c)
MIP
 The simulation predicts the g I [P Y SHNE RN AN B A pp———
showers produced in an ideal <04 3 E : T
calorimeter with an infinite depth S - / ! atop || ‘ L ]
= b ] A ;
. 9 [T ;‘\ ] ECS 1 s ) Hr"«ﬁ———'— —¥— B
* Also, the radial showers are well IR =74 N i :
. . . . B t T ) IEN | !
contained unlike the longitudinal i VY/F \\/ ; 085 111 |
showers 0.98 - C ]
S N S B S 0 50 100 150 200
0 50 100 150 200 Beam momentum (GeV/c)

Beam momentum (GeV/c)
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Fraction of short/core component: “Average EM fraction’

Fraction of hadron energy deposited
via EM processes

The fg,, is sum of several single EM
showers

fey (longitudinal)

On average, the number of EM sub-
showers scales with energy

fem Value is comparable to previous
results and the obtained value
increases at a faster rate until 30
GeV and thereafter remains nearly
constant

The fraction obtained from radial fits
are overestimated. But the observed
trend show a slow increase at higher

energies
DESY. | | Olin Pinto

0.4 L " -¥- DATA 2018
i 1 - oatazoor
0. 3 - -¥- QGSP_BERT_HP
» K=
R ——
0.2 -?74
¥
0.1
0 50 100 150 200
Beam momentum (GeV/c)
O 1A
E : I : -¥- QGSP_BERT_HP
< |
|q_: | { : 4 FTFP_BERT_HP
s i j\ ]
ER i z
0.9 ;/ P :
}

0.8}

0 50 100 150 200
Beam momentum (GeV/c)

—_—

O
©
©
LS

S

.., DATA/MC
3

0.8
0.75

FTFP_BERT_HP E 07
—

0.65
0.6
0.55

o
o

—h
—

—

T T
- - DaTA

~¥- QGSP_BERT_HP

FTFP_BERT_HP

N7 -

_[J?[)‘l{

¢

0 50 100 150 200
Beam momentum (GeV/c)

I

\ Lot ] I .

) ‘)F;*_/) o

o

50 100 150 200
Beam momentum (GeV/c)

] -¥ aasp_sert_np

FTFP_BERT_HP

Page 36



hWe Signal ratio

The ratio of responses to the non-electromagnetic and electromagnetic components of a hadron-induced

shower
« Degree of non-compensation is determined

by h/e value of the calorimeter
* h/e signal ratio is not directly measurable

* The value of h/e is extracted from the fit to

longitudinal profile Electromagnetic

h E]i“i d calibration constant
- — 0.02278 GeV/MIP
€ Ebeam — ngil T

Eﬁju — Ereco : (1 - fem) : C1erna Eg:;l — Ereco : fem : C(em

« h/e signal ratio is energy independent at
higher energies as expected

« The values of h/e predicted by simulations

are in agreement with data within 5%
DESY. | | Olin Pinto

h/e

0.75
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TTT1
ke

100 150 200
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Cowmparison of core component to EM showers

40 GeV pi0’s are simulated using QGSP_BERT HP physics list, very close the AHCAL detector. The fit
parameter B, is compared between 120 GeV 11 and 40 GeV m°

g~ 10 ! R E| & T 3
& 1 . —— QGSP_BERT_HP 120 Gev ] = 1k - —— QGSP_BERT_HP 40 GeV ;
E [ | Fit ¥*/ndf: 1.04 ? § ; % Fit ¥*/ndf: 1.49 3
X - [Je:01740 = 0)mm ] 107 5 P (1222 & 05)mm o
a 10 [ JB:(323: 16mm 3 = 5 [ dps@e19 2 09y mm 3
= 10°2 E: (3873.6 + 186.8) MIP 1 E 10 E:(1613.2 +1883)MIP 3
~— . & 9 3 B ew: (95.7 £ 0. .
% 3 IE,,,[:.FEA_ 1.5)% .- (g 1072 1 (?5? 0.6)% -
<10 S 1074 Bt N e o
*:] 1 0_4 . _g ‘{“‘j 10_5 _____ -é

1 0—5 "I T | R T T B | "I R T | |: '10_? IR TR A R S TR R T : S —— I . — I N
0 100 200 300 400 0 100 200 300 400

r from shower axis (mm) r from shower axis (mm)

« There are clearly two components seen in EM showers
« The discrepancy in the electromagnetic fraction in radial and longitudinal fits, and the discrepancy

between the fit values for pi0’s and the core component in the pions, could possibly be interconnected!
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AE in layer (MIP)

Shower Shapes

The longitudinal fit range corresponds to a depth of 4A, from the shower start and for radial up to a width of 300
mm with a step size of 10 mm

B || I ] || l 1 ] | || | | || EI_ I || || I ] || | 1 ] | I- cij-\ = l l .Tr— .........
) — 2‘?1‘&:8??’25 ] E ) 5  —— DATA 80 GeV
. .. [ Fit x%ndf: 0. - E .| . [ Fit y%ndf: 0.76
150 | i (247 £ 100% ] X 107 T[] 8:(17.77 + 0.7) mm
- o, 4.08 +0.15 4 0 3 c
B S B an L - — = [ 1B:(66.15 + 1.5) mm
B :(213 +0.10)X h
N 1« 1.45 +0.01 . g - E: (2754.2 + 115.7) MIP
100 N B:(1.53 +0.04)) B N 1072 E few: (69.7 + 1.8)%
N 'E: (3290.0 +18.4) MIP - 4 = |
- 1 @ F
50 ............................................................................ _- q 1 0—3 '§_
0 100 200 300 400

1 2

3

z from shower start ( A) r from shower axis (mm)
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Reproducibility

« Comparison of fit parameters
extracted, shows a good
agreement of Data between TB-
2018 and
TB-2007 within ~20%

DESY. | | Olin Pinto

PP (2007) EPT (2018)
Total active layers 38 38
Absorber thickness 21.0 mm 17.2 mm
Cell-size varying homogeneous (3x3cm?)

Total depth

~ 5.3\ (~ 0.14 A\j/layer)

~ 4.2 A\r (~ 0.11 A;/layer)
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what were the problems?

AE in layer (MIP)

L?”Qitluqinla'ldEStlr”?UltiolnI R « The do not agree with each other
) \C/ZVAC\)IFLC:En ﬁ':ocgfr\éss w DATA 80 GeV 1+ With the understanding that the core is related to EM-
150 . [ Fit x2/ndf: 0.25 N shower
- I:| few (247 = T07% ) « The fraction’s do not agree
) o, 408 T0T5 - e
- B:(213 +0.10X « For beta core the value that it fits does not agree
i 145 £+0.01 = -
100 | B gl v with EM shower
- E: (3290.0 +18.4)MIP -
_ E . — ;s B I
50 - = - X CALICE-AHCAL  —— DATA 80 GeV ]
. = iy , Work in progress [ Fit y%ndf: 0.76
B i 2= - [ 1B:(66.15 + 1.5 mm
O_lléé ch10—22— fow (697 + 18)% 3
4 F ;
z from shower start ( A) ] n
0 100 200 300 400

r from shower axis (mm)
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Beta’s from EM

. —~ 10

« Two components needed to describe EM shower ‘*’E |

: : , , £

* No large differences in beta’s and core fraction are observed for all ¢ 10™

electron energies S 10°
: e . © 107

- Beta core obtained from radial fits to EM-shower do not agree with 5 (0
beta core obtained from pion-showers -

* Need three components for radial fits in pions and fixing the beta 107°
core from EM-showers to avoid too much degree of freedom to fit 107
three components

—~ 12 ] — —r —_
= = : = 42 [ =
S : 1 E - ‘S
< 11.5¢L . — i © 0.98
B : I —y—¥" . "-Eo 96
C S N | .
105 F d\\ HHF/*———-M’—%(/‘ : i ‘*’4‘/‘#\'\4 )
C ] . 38 ; ,
0 : : : w
95 E + DATA _f 36 i + DATA ] 092 _
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? 20 40 60 80 100 ~T20 40 60 80 100
Beam momentum (GeV/c) Beam momentum (GeV/c)
DESY. | | Olin Pinto
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Understanding the total energy

AFE E ﬁp‘f eggi%ﬁ_ eﬁi%iﬁ
s T ok {f K Gy “‘f"‘”(fh'm“l‘f“ W)}

J

« The core/short part, is well contained in both longitudinal as

well as radial K=z
» We can assume that the integral under this short/core part £ of ; %gﬂgﬁgﬁ{zs :
Is the same in both radial and longitudinal R = imiee
. : . L c 100f = ‘11";1%%‘45 :
« The hadronic/tail part in longitudinal profile is larger i: b 2osjwe ]
because it does extrapolation (which means the f;,, is Sl 7 A N S S B
smaller) ok o \#ﬂ
. . . 0 1 2 3 4
« But, a correction is needed for the integral under the long z from shower start ( 4,)

.

component (longitudinal plot) — oo

:IBﬁ x1130mm

I_IB :(30.69 £ 4.2) mm

|:|[3 :1(79.50 + 7.9) mm
K 1.22

E: (3406.3 + 221.5) MIP

1o (37.5 + 5.6)%
V\ l::‘( 61.5 + 5.0)%
: \ \'-‘m\ .... :

0 100 200 300 400
DESY. | | Olin Pinto r from shower axis (mm) Page 43

—
<

« Use the radial one, and instead of directly the fg,,, an
effective fg,, is used, and this is corrected exactly for the tail
in the longitudinal profile with a K factor

-y
<
n

AE/AS (MIPxmm?)

—y
<
w

» The K factor is extracted from the longitudinal fit

—_
<
i




Does tt now Look reasonable?

Between the two models for radial
o« >459 effect in the fraction
« ~ 20 - 25% effect in the total energy

=> 1"'
e
0.8
0.6
0.4
0.2F
0 50 100 150 200
Beam momentum (GeV/c)
DESY. | | Olin Pinto
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AFE E
AS()_2_ {f ?Jr(l—f) B2

Does it now Look reasonable? - _}

Between the two models for radial

« >45% effect in the fraction N . i SFAD SITAD
« ~20-25% effect in the total energy (M =57% {f K- @5"7)2+(1—f-f<) (fh'(gg;T)z"'(l_fh)'éng)}
With the assumption that total energy and fg,, from longitudinal and , ——
| radial should agree then should be able to fit them S|multaneously 1
: . S Y- Radial: Old model - . = Radial: Old mode!
__ - Radial: New model 38000 : _ -v-naa I: New model
i -'-—Longiludinal Pl | : ’V’L""g‘ dinal
S 86000 = ______________________________________________________________ S
. 2000 | -
0 50 100 150 200 % 50 100 150 200
Beam momentum (GeV/c) Beam momentum (GeV/c)
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Simultaneous fitting

Mean radial energy n
— DATA 80 GeV
o [ Fit x¥ndf: 0.50
= C_J ™ 11.30 mm
- ] g™ (2452 + 1.3) mm
— T r 1T [ 111 LI B N N B N N N B B B N B n>f : ﬁEAD: (72.99 + 2.4) mm
o= - : . DATAB0GeV - S K: 1.22
— B — i E: (3292.9 + 18.5) MIP
E 150 = I:I Fit xzfl"ldf: 0.50 | S f ?(250 + 1.0)3&-
~ B feu: (25.0 £ 1.0)% i (dp) fE_"‘( 63.0 + 2.2)%
é = [ a, 4.04 £0.15 - < AT -
o B Bi(2.15 £0.10)X 7 i : 1
>‘ 100 -_ ) : aI: 1.44 + 0.01 _' 4 10—3 ........................................................................... __|=:
© N B:(1.54 +0.04)) ] 3
= B E:(3292.9 +18.5)MIP T, ]
o ; i 0 100 200 300
o _h . r from shower axis (mm)
L\L/l O [ .

0 1 2 3 4
z from shower startin A,

- DATA

-'r QGSP_BERT HP

N FTFP_BERT_HP

« A simultaneous fitting is performed with sharing fg,, and
energy parameter

« This fitting allows to obtain an average fg), 2

» All energies above 10 GeV show a good CHI2/NDF

+2/NDF
()]

T I: I | II'——I_—_I'I I I I-(
TR R R

1 1 1 l

50 100 150 200
DESY | Olin Pinto Beam momentum (GeV/c) Page 46
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Average “EM-fraction and Halo- fraction

L SRAS MM RARAS MU I
0.4 k
03f i
0.2 i
0.1F k
00 50 100 150 200
Beam momentum (GeV/c)

DESY. | [Olin Pinto

N FTFP_BERT_HP
°

*— L, DATA: Independent

-'-— R, DATA: Independent

The average fg,, obtained from simultaneous fitting
IS mainly pulled by the longitudinal parameter
compared to the one obtained from independent fits

The acquired fg,, value is found to be around 10-30%

The halo fraction remains to be less dependent

c 07— 71—

ha : S I : - DatA
0-65 —_ . T . S __ N FTFP_BERT_HP
- H . .'.- DATA: Independent
0.6 H/f
055
0.5

0 50 100 150 200
Beam momentum (GeV/c)
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Energy and leakage term ‘K

« About 20% leakage already at 100 GeV

« Alinear fit is performed in the energy range [0, 50] GeV
* E,.., [GeV]is obtained from the ratio of energy parameter
from simultaneous fitting and the slope parameter extracted

from the linearity fit
« Deviation from linearity is within ~15%

-../8000 I .............................. o % —]
= i : : : ]
> ] | ¢ |
26000 - S
L B X
4000 |- -
2000 | -

0 P . TP BT P

0 50 100 150 200
Beam momentum (GeV/c)

DESY. | | Olin Pinto

* DATA

-¥.— QGSP_BERT_HP
* FTFP_BERT_HP

Data mean Energy sum

¥ 1377

1.1

0

T e S S S | i .
50 100 150 200
Beam momentum (GeV/c)

2|| oA
10 20 30 40 50 60
Beam momentum (GeV)

- DATA

-*-— QGSP_BERT_HP

Y- FTFP_BERT_HP

- DATA

‘Y* QGSP_BERT_HP

-~ FTFP_BERT_HP
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N
IIIIIIIII

Short
dw 7:
oF

Long pa

I 1 11 | I 1 1 11 I 11 1 1

1 1 11

o

| 50
Beam momentum (GeV/c)

IIIIIII]IIIII

DESY. |
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100 150 200
Beam momentum (GeV/c)

| Olin Pinto

100 150 200

rameters

-V-— DATA ;O 3 : ! I I
-¥- QGSP_BERT HP ="

w
-¥- FTFP_BERT_HP am X

-‘-— DATA: Independent

IIIIIII]IIIIIIIIIIIIIIIIIIIII

ob 1.
0 50

0 50
Beam momentum (GeV/c)

100 150 200

100 150 200
Beam momentum (GeV/c)

-*— QGSP_BERT_HP
¥— FTFP_BERT_HP

*— DATA: Independent

-.Vr DATA
-¥- QGSP_BERT_HP
- FTFP_BERT_HP

* DATA: Independent

238 (X,)

No significant difference is
observed in the short and long
parameter compared to data
points from independent fits

The maximum of the short
component agrees very close
to the data points from
independent fits

i

0 50 100 150 200
Beam momentum (GeV/c)

IIIIIIIII
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8_I e e e e __ *—DATA
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Core and Halo

« Both core and halo parameters are pulled down to a smaller value with simultaneous fits

30

25

20

DESY. |

0

50 100 150 200
Beam momentum (GeV/c)

| Olin Pinto

+ DATA

¥- QGSP_BERT_HP

IIIIIIIIIIIIIIIIIIIIIIIIIIII

IlIlIlIlIIIIIIIIIIlIlIlIlIlII

50 100 150 200
Beam momentum (GeV/c)

-V-— DATA

-¥- QGSP_BERT_HP
N FTFP_BERT_HP

-‘-— DATA: Independent
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h/e stgwal ratio

((b] 1 [ I | | |
< K :
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0.9F E
0.85 r
0.8 |5 =
0.75 S— i ggTs?:_BERT_Hp
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Beam momentum (GeV/c)
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Correlation of parameter
20 GeV

 The alpha’s and beta’s have
anti-correlation

« The radial beta's are highly
correlated and have a positive
correlation!

DESY. | Shower Shapes in AHCAL | Olin Pinto

B few K pEM g0 gm0 o,

Correlation
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Track to COG (event) Comparison

CoG - Track
CoG - Track CoG - Track 03 F P e e e e
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Track to CoG (event) comparison

CoG - Track
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Track to COG (event) Comparison
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h/e sigwal ratio

h/e in first approx. is to be flat, physics view point

« The secondary particle spectrum and inelastic cross section in
the cascade are relatively independent of the energy

Possible interpretation of the shape at low energies

« With the little memory of the incident hadron, the fraction of
invisible energy that is detected in calo. is more less the same
for all energies

« A possible interpretation is that the invisible energy is higher
at low beam energy

Possibly my fits are not described well below 50 GeV!

Detector effects:
« With a cut at 0.5 MIP, might be that the fraction of hits that is
below half a MIP is bigger at low beam energies
« With 0.5 MIP at 1 x 1 cm? we could lose significant fraction of
hits

DESY. | Shower Shapes | Olin Pinto |
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h/e
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Longitudinal and rRadial shapes
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Introduction: MC particle study
« To extract the properties of the MC particles (energy, momentum, PDG and time stamps)

« Arelation between the Reco Hit and the Sim Hit is built which gives all the
contributing to that hit

Ap: Daughter Reco Hit

A

Cell ID connection

A 4

Sim Hit
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AE in layer (MIP)
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MORE SHOWER SHAPES ...
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Electron Shapes



4 4 * Systematics uncertainty are obtained by smearing the calibration
ELCOtYDV\/ LO V\/@ Utl/(d LV\zaL SM R‘PCS constants (MIP, Gain & SiPM)
* The uncertainties are estimated for all energy ranges from 10 to 100 GeV
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Electron Shapes
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Electron Shapes
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Electron Shapes
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Electron Shapes
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Simultaneous fits: Pions
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120 GeV
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160 GeV
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200 GeV
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3-Dimensional fits: Pions



10 GeV

o

DATA
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Cowtour plots

Data 10 Gev

DESY. | Shower Shapes in AHCAL | Olin Pinto

39.5

T

1305 B

1_2__ i

11" :
3.5 4 4.5

(xS

[m) r I ]

T 405 .

lan - _

40 - -

39

‘ T T 1

31.4 31.6 31.8 32 32.2 32.4
EHAD

0.855

0.85

0.845

0.84

0.835

94

93

92

!I\I||I|I|IIII|III

1.48

15

152

39

395

40

Page 81



20 GeV

DATA
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20 GeV
DATA
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40 GeV
DATA
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60 GeV
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Q0 GeV
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Cowtour plots
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120 GeV
DATA
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160 GeV

DATA
[ |Fit y2ndf: 0.59 Egy: (413.46 + 15.8) MIP
ag: ( 2.66 +0.08) B,: (4.45 +0.20) X

p;"": 11.30 (mm) Enap’ (481..’:/1%/.;1) MIP
o (2.11£0.01) B:(1.22 0012

N:(3.92 +0.08) MIP oy ( 1,2( £0.01)
B, (3.10 £0.08) B"Z{I?‘?-?,If £0.45)mm
ByA%: (75.22 + 0.68)mm

rayd

—
ol

(@)
(@) ]
Relative deviation

—h

I
~
[
/]
[
/]
/]
/]
[
/]
/]
/]
I I o
— (a»]
&)

N
on

DESY. | Shower Shapes in AHCAL | Olin Pinto Page 89



200 GeV

DATA
[JFit y2ndt: 0.56 Eew: (525.49 + 18.6) MIP
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Cowtour plots
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Correlation of parameters

Data
10 GeV
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« The hadronic beta's are highly correlated and have a positive correlation!
» There exists a correlation between the hadronic core and the hadronic energy
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Jf 2. Construct expected cluster profile
const double a(m_longProfileParameter® + m_longProfileParameterl * std::log(clusterEnergy / m_longProfileCriticalEnergy));

const double gammaA(std::exp(lgamma(a)));

float t(0.f);

Aw application of hadronic
VVLOd eL LM/ Pa V\/d Dra PFA 1FciTa‘z‘j:C::H:xlj:itj:::‘?il;ele < m_longProfilelBins; ++iBin)

{
t += m_longProfileBinWidth;
expectedProfile. push_back(static_cast<float>{clusterEnergy / 2. * std::pow(t / 2.f, static_cast<float»(a - 1.)) *
std::exp(-t / 2.) * m_longProfileBinWidth / gammaA));
Iy

'f 3. Compare er profile with the expected profile

unsigned int binOffsetAtMinDifference(@);

float minProfileDifference(std: :numeric_limits<float>::max());

for (unsigned int iBinOffset = @; iBinOffset < profileEndBin; ++iBinOffset)

{
float profileDifference(B.);
for (unsigned int iBin = @; iBin < profileEndBin; ++iBin)
{
if (iBin < iBinOffset)
{
profileDifference += profile[iBin];
¥
else
{
profileDifference += std::fabs(expectedProfile[iBin - iBinOffset] - profile[iBin]);
¥
¥
if (profileDifference < minProfileDifference)
{
minProfileDifference = profileDifference;
binOffsetAtMinDifference = iBinOffset;
¥
if (profileDifference - minProfileDifference > m_longProfileMaxDifference)
break;
iy

profileStart = binOffsetAtMinDifference * m_longProfileBinlidth;

profileDiscrepancy = minProfileDifference / eCalEnergy;
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