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Introduction

« 2008 FNAL data used Structure 2.8 e

(2x1.4mm of W plates)
— Pions of 2, 4, 6, 8 and
10 Gev Structure 4.6

. . (3>1.4mm of W plates) ’ ‘;
— Cuts on scintillator and
Cherekov counters

+ The SiW ECAL | e
— ~12,: more than half of i i o
the hadrons interact
— 1x1 cm? pixels: tracking
possibilities
— 30 layers with 3 different
W depths

& (1.4mm of W plates)

ACTIVE ZONE
(18%18 cm?)

9 Si wafers 6%6 pads (1010 mm?)



Procedure

1. Follow the MIP track
2. Find the interaction layer
3. Distinguish the types of interactions

- At low energies, finding the interaction and its
type requires energy deposition and high
granularity




Finding an interaction

 Looking at the energy
profile in the ECAL

1. For « strong » interactions

E; > Ecut , E;1 1 > Ecut , E;19 > Ecut

2. For interactions at smaller
energies
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First type: « FireBall »

» For inelastic scattering X &

14

— High energy deposition at :
rather high energies (Ecut) .
10 GeV here

E; > Ecut , E;y 1 > Ecut , E;,9 > Ecut

— Or relative energy increase
at smaller energies (Fcut)
2 GeV here

layer

Near the track



Second type: « Pointlike »

For spallation reaction v
— Local relatively large energy . g~
deposition  — : B
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New type introduced: « Scattered »

« Other non interacting
events contain two kind
of events

— Type « Scattered »: pion
scattering using the
extrapolated incoming
MIP and last outgoing hit

X

- - - - -

-

2 cells away or more —

— Type « MIP »

hYZ
Entries 29
Mean 144
Mean y 8
RMS 8.185
RMS y 0
—32
s
W T 7 I sesesscssssssnnnasssnnnnnss danns
=11
| 0.5
A | | | | y » o
] 5 10 15 20 25 730
hXZ
Entries 29
1 Mean x 14.4
Y Mean y 981
RMS x 8.185
RMS y 302
1
—i2
— — I
: A B ] 1.5
—)
sScm! b
\ 4
Ji |
0

|

0

layer



Optimisation of the cuts (usmg I\/IC)

5 [ 15753

3 parameters used: £ -

— Standard deviation of the E o 3 GeV ol
distribution 5 |

« layer found — true » =t E

— Interaction fraction = events - s :

found / events with an : !

interaction o

— Purity with non interacting
events = events with no
Interaction found / events
with no interaction

Compromise between
those 3 and comparison .
with David’'s method 8

T 1 1 1 | 1 1 Il | 1 1 1 | 1 1 1 | 1 T
%.9 0.92 0.94 0.96 0.98 1
Interaction fraction



After optimisation

* We care about the interactions found within +/- 1
layer (+/- 2 layers) w.r.t. the interaction layer in

the MC
+/- 1 layer +/- 2 David +/- 2
2 GeV 06% 28% David Ward’s results:
4 GeV 60% 61% Ecut criteria made a bit
more complex: 3 out of 4
6 GeV 62% 699% layers must satisfy cut
8 GeV |64% 71%
10 GeV | 72% 76%




Rates of interaction from 2 to 10 GeV:
data vs I\/IC (5 Ilsts)

CALICE preliminary
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Mean shower radius

 Transverse size Is calculated from the interaction
layer (the first for non interacting events):

ey s g 2 2
rop = \Job+ b,

Lit Ehit Lhit Ehit

9 hits hits

. Z Ehit Z Ehit

hits hits
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All events with different energies

| peerem— P:elmnary il : I - l S— I S— I — l S— I — ]_ I cAf‘ICE Pzﬁlmnlry il T l TTT1T TTTT TTTT l TTTT TTTT TTT |: I CAfICE pzelmnary il T l TTT1T I TTTT TTTT l B R TTTT TTT |:
01Z+ ] 0_12]{. ~ 0.141[' 4
' : i 1 042 2

i 0.1 . i 1
0.08( &t - 1 0af -
- 2 GeV | 4 GeV T :
0.06/ € 5i i € q e 6 GeV E
0.061+ K ! g

I i 1 o.06f .
0.04/} - i ] i 1
_ 0.04(f 7 ood} b
0.02/} ] I . v ;
0.02 i ] 0.02 T ]

EIII'III|I|'II|IIIIIII
0 0

IIII|II|IIIIIII IIIIII
0 10 20 30 40 Mggnssgowl"”a%"iusg%r:‘°° O 10 20 30 40 50 60 70 80 90 100 % 10 20 30 40 50 60 70 80 "90 100
{ram) Mean shower radius (mm) Mean shower radius (mm)

[CAEICpreliminary ]"I llllllll e P ICAf.ICEp:eliminaty i"l""l""l""[""l""l"";
°q E 1 Reference physics list:
0.14 4 04y 1 QGSP_BERT
012} 8 GeV 4 oazy 10 GeV 4 —

oall 1 oall 1 Very good agreement.
008 ERR 1 2 GeV starts to have a
ety ER |, 1 very different behaviour
004y 1% 1 from other energies.
0.02} 4 o.02f -

°§"'1'd"'2[d”éld”ho 50 8070""$0""90 100 001620730 40 30 6070 50" 50 100

Mean shower radius (mm) Mean shower radius (mm)



Classification at 8 GeV
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Classification at 2 GeV
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Longitudinal profiles

* Longitudinal profiles are drawn with 60 layers
equivalent to those In the first stack (i.e. one
layer In stack 2 Is divided in 2 layers and one
layer In stack 3 is divided in 3 layers)

* Layer O Is the interaction layer (set to O for
non interacting events)

* The energy deposited Iin the layer Is
decomposed in the between various



All events at different energies

ICALICEpzeliminaryi'"'I"ll|lll||ll||
™

12

—s_‘l.-llll

10

LJIIII

e

2 GeV

|||ll|||l||
II]IIIlIIIlIlIlIIIIIIIII!I'I

2} .y
ofﬁ_ﬁ'ﬁ—ﬁ‘—l— 1 - |7' TIPSR IS
0 10 20 30 40 50 60

Depth In units of 1st stack equlvalent layer

| cavice preliminary [TTT T[T T T T[T T 1T [TTTT

30

TT T T 1T

8 GeV

25

:;.Iql

20

15

10

III|III|IIIllllllllllllllllllllll

IIIIIII|IIIIIIIIIIII

0 10 20 30 40 50
Depth In units of 1st stack equlvalent layer

ICALICEpzeliminaryi'"'I"ll|lll||ll||

22
20
18
16
14
12
10

Illll

IIIIIllIIIIII!IIIIIIIIII!'IIl'llllllllllllllll

N & & @

||IIllIIIIIIIllll]lllllllll)llllllll-

11  Call) I o v, « T ! l
10 20 30
Depth In units of 1st stack equlvalent layer

QQ

lllllllllllil!llll|IIIIIIIII|IIII|

| cavice preliminary [TTT T [T T T T 1T 1T [TTT

30

|I[III

25

20

15

10

IIIIIIIIIIIIIII7IIIII‘II

:-.-‘.—‘.—ﬁﬁ' e | p—
00 10 20 30 40 50 60
Depth In units of 1st stack equlvalent layer

PSP T Y v [ et
40 50 60

L;ALICEPrelminaryilllllllllllllllllll

. QGSP_BERT
25 :

. Energies
20 overestimated

d

15

10

|I|I|I|I|||I|l,||

0 10 20 30 40 50 60
Depth In units of 1st stack equivalent layer

B TB data

Monte Carlo

—p
a e JCA1

—— others




FlreBaII at 8 GeV for dlfferent lIsts
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FireBall at 2 GeV for different lists
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Pointlike at 2 GeV for different lists
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2 GeV

8 GeV

« MIP » and « Scattered » profiles

mluprelmnarylllll T TT T G T 11T

1.6F

lllllllllllllll

5 - e

1 4# " ﬂ‘t*ﬁ-#_ﬁ_ - ”u__ W“m”

1.2 =z o=
B = — i ]
e L -

ot /

0.61

04 Show inefficiencies per
02 layer

IlIIllIlII[lIlIIl

TR R L —r—t—rr
% "3 20 30 40 50 60
Depth In units of 1st stack equivalent layer

Jqup!elmnaryilllllllllllllllllll

af
1.8
1.6
14
1.2
1
0.8
0.6
0.4

0.2
| =

o O L ) T T~
%90 20 30 40 50 60
Depth In units of 1st stack equlvalent layer

IIIIIIII

N |

IIIIIIF}IIIIIIII T
]
I

II!IIIIII

e

o

T
IR R

|
NE 3N

PR (T R

11 | o VSV ) I L
0 10 20 30
Depth In units of 1st stack equivalent layer

IiALICE preliminary il LIS | L l L2 L LI I__
,.Excess of EM F
;-component -
5 -
. - I

: m‘j“‘ a 1
3 . 3
2T ]
1 =
0 e T i AP OO O WY e
0 10 20 30 40 50 60

Depth In units of 1st stack equivalent layer

FTRET) S YO
40 50 60

OGSP BERT

|m1up:elmna!yil|llllIIlIIlIIIlI—

2 GeV

8 GeV



Conclusion

« We combine energy and high granularity to classify
hadronic interactions and even see them clearly
— The mean shower radii agree very well
— The longitudinal profiles show differencies between
physics lists

— 4 types of interaction allow to separate clearly the profiles
and show points of improvement for the lists

* Type « Scattered » very promising for particle flow
studies (to be improved — ex: angular distribution
studies)

 Results stable obtained with official releases



Pointlike at 8 GeV for different lists
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