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1. EMCAL: Location in ALICE and
Chamc‘rems’rucs

To do jet (quenching) physics:
- large coverage
- good granularity

EMCAL
— located inside the L3 solenoidal magnet
— sampling calorimeter: 20.1 X,
— sandwich, 1.44 mm Pb/1.76 mm Scint
final geometry when installation completed
¢-07<n<07
« A® = 100°
« small ® gaps (~ 3 cm)
aligned w/ TPC gaps
— sampling fraction 1/10.5
— density 5.86 g/cm3
— Ry =3.20 cm; Xy = 12.3 mm
— Scintillator = Polystyrene (BASF143E +
1.5% pTP + 0.04% POPOP)
—10 super-modules in total
— granularity: 11520 towers 11777777
tower size: AnxA¢d ~ 0.0143x0.0143
- GE/E ~ 10%
— installed back to back with PHOS




Containment: 88 parts MOdUle & arts

1) Back (holes: 144 thru for fibers + springs + mech. support), 1 o @

2) Compression (holes: 144 thru for fibers + springs), 1 R
3) Front Plate (holes: 144 thru for fibers + springs + mech. support), 1
4) 5) Plungers (10)

6) Belleville washers (75)

Tensioning and Isolation: Sandwich:

40 parts 538 parts G)-

7) Stainless steel straps (4) 11) Lead tiles (76)
8) Screws (24) 12) Scintillator tiles (308) e T
9) Flanges (8) 13) Bond paper sheets (154)@

10) Light tight stickers (4)

Readout : 165 parts
14) WLS fibers (144)
15) APD (4)

16) CSP (4)

17) Light guides (4)
18) Mount (4)
19) Collars (4)
20) Diffuser (1)

TOTAL components: 20
TOTAL parts: 831

Plus cabling, GMS and mech. supéor’rs



The EMCAL Modular Structure

One Module

N One FULL Strip Module

10—

12 modules (4 for Prototypes)

L

* 1 Module = 26.7 kg
* 1 Strip Module = 324 kg
* 1 Super-Module =288 modules ~ 7.7 tons

Full detector:

10 Super Modules,
total weight ~ 80 tons

One Super Module




Energy Resolution [%]

2. Results from test beams

EMCAL prototypes (4 modules x 4 strips) under test beams:
FNAL, November 2005 & SPS + PS, September - October 2007
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3. EMCAL Status

Installion of 2 SMs in ALICE in March 2009 and 2 SMs in
July 2009



3. EMCAL Status

EMCAL Collaboration
= USA + Europe
(France and Italy)
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4 SMs installed in ALICE (2 in March and 2 in July 2009),
operational and taking data

installed coverage: An =14 ; Ap = 40° :



3. EMCAL Status
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« Assembly of EMCAL completed in summer 2010

* 5 SMs ready and calibrated

« 1 SM under testing/calibration, o be completed in next days
 Cosmic calibration will be completed soon

6 SMs will be installed in ALICE in January, full EMCAL during
2011 data taking 9



4 EMCAL extension: DCAL

Despite EMCal being the last ALICE detector proposed, approved
assembled, and (still partially) installed ...the first upgrade approved (by
November 2009) by the ALICE collaboration is ..... an extension of EMCal
- DCal back to back with EMCal for jet-jet and y-jet physics

DCAL modules:
Same technology of EMCal

DCal - 6 super modules Shorter SM (2/3 of EMCal SM)

Shortened DCal SM

=\ -16 strip modules

»a0 (2 shown)

- Installed n= 0 to ~0.7
(including PHOS)

- Ad ~20 degree

N Se? Standard EMCal SM 6%

PHOS - 5 modules shown R -24 strip modules
(3 shown)




4 EMCAL extension: DCAL

. DCAL Collaboration
SEETRYTETA - EMmcAL Collab.

+ China (Wuhan)

S contiguous
modules possible, * JGPC(H (TSUkUbG)

while exact back-
to-back is 3

Focus on y/n%/ jet-jet
correlations

Assembly of DCAL modules started in summer 2010, more than 300
modules already assembled (> 1.5 SM)

Assembly expected to be completed before summer 2011, ready to be
installed for 2012 runs 11



5. EMCAL Performance plots

Inclusive spectrum of 70 production in pp collisions at 900 GeV and 7
TeV in mid-rapidity and p+ range from 0.3-0.5 to 20-30 GeV/c

Measure inclusive spectrum of n and other neutral mesons production
in pp collisions at 7 TeV in p; range from 3-5 to 15-20 GeV/c

Physics:

— Constrain pQCD and non perturbative aspects of QCD
— Provide reference spectrum for Pb-Pb collisions at 2.76 TeV

12



ALICE se’rup for 2010
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Neutral meson measurement in ALICE

« ALICE proyides 3 independent ways to
identify n° and n mesons through'invariant
mass analysis of photon pairs and external
conversion electrons:

> h->vyy (both on PHOS or EMCAL)

> h->yy

— e*e- (CTS, PHOS or EMCAL)
> h->vyy

L —e*e- L— e*e- (CTS)

CTS = Central Tracking System

« Method of 2 y invariant mass analysis works
for y registered in EMCAL up to pt~15 GeV/c

14



0, n direct photon spectra

h=> y+y
*pp @ 7 TeV, LHC10e pass, 180 Mevents
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in hon-optimal resolution

Working in progress for better tuning 17



h- > y-l-y
«pp @ 7 TeV, LHC10e pass, 180 Mevents N

* cluster selection: N, =2, E_>0.3 GeV

2
6< pT-:B GeV/c x/ nat ;;U{T 1‘:; Raw (uncorrected) n spectrum vs p_, GeV/c

A
- i i : | ™ 0.5493 + 0.0055
300~ S 0.03171+ 0.00549
E | : : ' 281.7+ 74.5
: : : . 68.08 + 298.14
250@ _______________ T~ 5___________________ a -348.2 + 274.1

Counts
BomoQ
Counis

-

ra

200 _______ ____________________ ___________________

150/ | T — N —

| : ALICE performance ? ? é §
- pp @Vs=7 TeV

100 : EMGAL |

A 1/7.1FS O — S
- 08/10/2010; |_L

03 04 05 06 07 08 09 1 5 4 6 8 TEETEETRET IR 20

M,,, GeV/c® p_, GeVic

18



n width vs P,

1 mass vs p:'
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EMCAL able to measure n mesons in the range 2<p<20 GeV/c
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6. EMCAL Physics Capabilities

EMCal extends the scope of the ALICE experiment for jet quenching :

EMCal provides a fast, efficient trigger for high pt jets, y (n°), electrons

= recorded yields enhanced by factor ~10-60

| P mmieraction | max rate || EMCal enhancament
fem %Ly rite W tape | e " el
Ph+Ph || 1.0 10 8 kHz 100 Hz 14 10
Ar+AT || D6 107 | 130kHz | 500 He 44 3
O+0 || 2010 | 220 kHz 500 Hz 75 53
p+p S5.0=10% | 200 kHz 500 Hz 68 45

EMCal markedly improves jet reconstruction through measurement of
e.m. fraction of jet energy with less bias

EMCal provides good y/n° discrimination, augmenting ALICE direct
photon capabilities at high py

EMCal provides good electron/hadron discrimination, augmenting and
extending to high p+the ALICE capabilities for heavy quark jet
quenching measurements 20



Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:52

Fill : 1482

Run : 137124

Event : 0x0000000042B1B693

Monday Nov. 18" @ 11:20 LHC declared
"Stable beam with ions” Pb-Pb @ 2.76 TeV

EMCAL ready .....
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Browser Eve AliEve Tools ‘
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One of the first Pb-Pb collisions @ 2.76 TeV from ALICE High
Level Trigger display

EMCAL able to run with the rest of ALICE

EMCAL: last detector installed, short time for developing HLT
=) very good starting pointll!
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EMCAL for Jet reconstruction

Typical jet reconstruction : combination of e.m and hadronic calorimeters, but no
hadronic calorimeter in ALICE

Z;wm:— Charged + y  Hadronic energy: charged tracks (TPC/ITS)
§ ool —— Charged » Electromagnetic energy: EMCal

Leading charged particle o Cor.r.ec.h'ons:

* unmeasured hadrons (n, K9 ,...) (<10%)
* hadronic energy (25%) in EMCal

Possibility fo measure the neutral
TRE e R e w9 % components of the jets

Track + Calo
Charged only
crarged | Carsed
RMS [GeV] 21 15
E.../Er 0.50 0.77
Efficiency 67% 80%

1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
40 60 80 100

1 | 1 1 1 | 1 1 1 1 1
120 140 160

| 1 | 1 1 1
180 200

ET" [GeV]
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Particle correlation == access to jet properties in
kinematical regions where full jet recontruction is difficult

- \s=7TeV 15<p_<30 @ 1.5<p_<p_
ALICE preliminary i

1 near sid

Q)
|

=10

dN

Ntrigg dA

—
T T 1%




Angular Correlation Functions at 0.9 and 7 TeV

ppNs=0.9TeV, 1.5GeVic<p_<p_ ppNs=7TeV,1.5CGeVic<p, <p,,
R R — L ' L L T tTr T '
10t aLicE preliminary |3 < th <4 GeVic _§ 10¢ aLicE preliminary 1 3 < p_ <i4 GeVic, =
7] PYTHIA . i T :

//|PYTHIA

1/Nyqq dN/dAG [n/rad]
1N,y dN/dAG [w/rad]

A¢ [rad/m]
provide access to jet-like properties down to low p; (mini-jets)
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g . RS @ Jet reconstructed in ALICE with
= : different algorithms (different
5?105 ® AnthqR=04 ALICE Performance Sensn-'\/”-y TO bGCkgf‘OUhd Gnd
© o Kk R=04 Uncorrected I 1
o s Uncorrected different background subtraction
o scheme)
e
102 b . .
eeegns Good agreement for all jet finders
10 “#'“*
p+p \Ns =7 TeV
g PP ﬂﬁﬁf” To test for Pb-Pb
10% 20 40 so 100
p, (GeV)
3 Expected performance
& f JET Ry, 33 oo JETR,, | of ALICE jet
. AIAINS =206V o measurement in 1 year
. W I - e e e | Pb-Pb data taking with
s g p+p cross section uncertainty Anti-k;, R=0.4 E M C AL
-
p_cut> 0.1 GaV/C 5 [ . )
:p;:u'jA:STAR ) Mucl.Phys.A830:255¢-258¢,2089 01—_-____ ] Comparlson WlTh RHIC
aor0210% Cent T _ao1 ]
0-015;11]PYE:IJ$Im —g= :s %Ag{(cﬁlﬁll R oPYTHIA _3-2 qu;'lga?ols'rﬂgg Au-Au
F JetEnergy —g=17 2 :q 17
_...a'.‘i.leeﬁt?imff...?.=.6.1.|....|....|..RHIC _II-HI[uq] GeUif q 61. - LHC M hh h “
20 25 30 35 40 45 50 55 80 80 100 20 140 de0o 180 200MUC igner co Ision
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Full EMCAL will enhance ALICE's capabili’ries for jet measurements
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Jet quenching measurement with DCAL.:

controlled variation of the jet path Jength
Triggering on high p+ hadron provides Aﬁ—ﬂﬁ
a unique bias of the jet recoiling P‘&c”” J‘“L;} ,,Mer
azimuthally opposite: fi: }’"___::_;;, " ;HI I
the hadron trigger arises from jet R=7 Tfm % — <
mainly generated near the surface (L1), ‘*\
thereby maximizing the path length of the “~
recoiling jet in matter (L2). e




Jet quenching measurement with DCAL:
controlled variation of the jet path Jength

Triggering on high p+ hadron provides
a unique bias of the jet recoiling
azimuthally opposite:
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*Triggering on high Pt™0 maximizes the path length of the recoiling jet in the matter
Small dependence on Qhat and P if these quantities are large enough->
geometric bias can be calculated reliably.




/. Summary

* First 4 EMCAL SMs installed in 2009 and taking data
* 6 SMs will be installed in January 2011, EMCAL completed

* EMCAL upgrade: DCAL completion for y-jet and jet-jet
physics, work already started, shutdown needed (2011)

« EMCAL performance plots from data taking shown

« After analysis of all statistics in 7 TeV pp run (~800 Mevents)
— 110 spectrum measured up to 30 GeV/c, n up to 20 GeV/c

* Great physics capabilities: possibility of full reconstruction of
jets, measuring the neutral components

e« DCAL installation for 2012 runs will allow back-to-back hadron-
jet, jet-jet and y-jet correlations

 Runs with Pb-Pb started on Nov. 2010, EMCAL working fine



