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Introduction




Quark Gluon Plasma

What is QGP ?

> Quark-Gluon Plasma (QGP)

* Hot & dense color thermalized QCD matter prevailing at the early Universe ~1us after big bang

* Deconfined state of quarks and gluons
* Theoretically inferred through lattice gauge simulations of QCD

How to create ?

> ‘Little Bang’

* high-energy head-on nucleus-nucleus collisions at

particle accelerators

* Recreate QGP droplets for a brief period of time to
quantitatively map out the QCD phase diagram
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Jets in HI Collisions ( Hard Probes of the QGP )

Jet Quenching

* Collimated spray of hadrons produced * Attenuation or disappearance of observed Jets
by the hard scattering of partons at the initial in Pb-Pb

stage of the collision * due to partons' energy loss in the QGP

* high-Q? process, pr = 20 GeV * jet shape broadening

Why Jets ? * evaluation of the degree of the attenuation

allows to assess QGP properties
* The QGP lifetime is so short (~1023s) that
characterisation by external probes is ruled out

* self-produced probes
* Occur at early stage : T~ 1/Q
* probe the entire medium evolution
* Production rate calculable within pQCD
* well calibrated probes
* |Large cross-section at the LHC «—
* copious production
* Reconstructed jet enables to access

* 4-momentum of original parton

* jet structure (energy re-distribution)
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Jet Measurement in LHC-ALICE

EMCal * ALICE detector focus on Heavy lon Experiment
* LHC Run2 period started from 2015

* [Js=13TeV pp

* Jsnn = 5.02 TeV Pb-Pb, pp

* Jsyn =8 TeV p-Pb

Charged Particles : |n| < 0.9, 0<dp<2m
* |TS : silicon tracking detector
* TPC : Time Projection Chamber

* Charged constituents

TRD

'
Neutral particles : |n| < 0.7 ‘ Charged Jet

* EMCal, (DCal : Run2 from 2015-)
* Pb-Scintillator sampling calorimeter
* PHOS

* |ead-tungsten crystal (PWO) based calorimeter

* Neutral constituents
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Jet Measurement in LHC-ALICE

\Vi A alayda a a a Q ala Nnariman

Lle® 1st topic : dedicated Jet/photon trigger implementation

ev p-FDb

Charged Particle ; : |n| < 0.9, O<p<2m

* |TS : silicon tracking dqector

VZERG\ ' ——

* TPC : Time Projection @amber

* Charged constituents

v

Charged Jet

PHOS TRD

Neutral particles : [n| < 0.7

* EMCal, (DCal : Run2 from 2015-)
* Pb-Scintillator sampling calorimeter
* PHOS

* |ead-tungsten crystal (PWO) based calorimeter

* Neutral constituents
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Jet Measurement in LHC-ALICE

\Vi A alayda a a ala Q ala Nnariman

Lle® 1st topic : dedicated Jet/photon trigger implementation

* SNN= eV p-

VZERRN -
,"‘ﬁ-,i ; Charged Particle ; : |n| < 0.9, 0<p<2m

<

* |TS : silicon tracking dqector

- * TPC : Time Projection @amber

* Charged constituents

. *—- &
PHOS

TRD

Charged Jet

Neutral particles : [n| < 0.7

* EMCal, (DCal : Run2 from 2015-)

* Pb-Scintillator sampling calorimeter
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Development and commissioning of the ALICE Calorimeter L1 Trigger system




L1 System of ALICE Calorimeters

fastOR amp
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L1 System of ALICE Calorimeters
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L1 System of ALICE Calorimeters
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L1 System of ALICE Calorimeters

fastOR amp LO_local
(analog) fastOR amp

PHOS_LO
PHOS_L1_photon_low
PH OS PHOS_L1_photon
)

sy Contribution of Grenoble Group :

*28TRUs subregion data

fastOR amp L0local AL
DCA
(analog) fastOR amp DCAL DC Design / Production
—  STU of the STU (Summary Trigger Unit)

FPGA FW development on STU at

"14TRUs background density perlod of Runt (201 0-)

fastOR amp LO_local MY ACTIVITY :
(analog) fastOR amp EMCAL

———> I FPGA FW development on STU
for Run2 period (2015-)

Trigger system commissioning

*32TRUs
Analog sum digitise fastOR Amp L1 photon/Jet
inside 1fastOR LO trigger calculation Trigger calculation
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Trigger Performance

* Trigger rejection * Trigger efficiency

* To define threshold which satisfy the * clear turn-on at set values of
BandWidth restriction of the data taking 10 GeV (L1-photon) and 20 GeV (L1_Jet

* ~1000 for L1-Jet @20GeV threshold

=1k L1-Jet Rejectlon c : : % EMCA t H
[ R385
X
R
50558
-1 K
10 - 3%
E ( KX
— E X0
-] E L
c () 5
8
O - -—
- 0.8 g% :
s %
e e et essrele! Seroress
- T R R R FXRR] R
o — - — R R R T IIRIRRIIA FRRR R
IR R R
R RERIIIEIIIIASSIRIEEEINKY gy k]
st sst s aassssss I s, B
-2 R R IIRIIRISKIRIRAIK] ] 20|
10 s sssssstetetesesssstsoss e siossss Il Wsisl k]
= ISR B -
R RIIAIRRRIIIIIIRAI] R k]
E s ssmsse bk soos snsosss I SSeio =
RIS K] k3
E RIS R k]
s ssesssrsssssesnmunn soss sssseur [ Sesese =
E RIS R ks
I AR EESERIIREEE | KIS
- 0.6 R X R BRR + BX] k]
38 % SRR R k]
= | - KX % SRR o] ]
| - X SIS K
() 3 38 LB R k]
L % S RS -
X - o e R g
K X rssssess Il s b
G,) AR SESIBIN] R] K
RIS I R K
RS Sy B R k]
-3 - ARG ’o’:’ ] R K
107 E . RIS Skt B3 B
E ORI % RS R B3]
E e oo R R K
SRREKARIS 5 B0 Booeee -
E oo RIS 5 B - B 5 SR
— E ‘ . BRI X R B b
RIPEIBC oo ] ] B
E - — A ] 3 B S
- - » Jodes g% sosoet tototese! [l Sotetets! K<y
C 3 SRR X S R kS
e RO X R R K
e o K3 s b
KRR o g B k]
R 0 S S ) R R k]
i N e 3 aorstes IS R
i BRI o sssssses I s K
] RRSEASIKS ool R B %
s ALK 0o R K1
~ b RIS X sssssoss I e -
e ) R RS K
= D PR KSR S ] s % R
E e RO O % b ] B3]
L RO S B Bssosss] k]
C - o RRRAERASS % R Rl K
BRI XK g0 R -
B SRR e R R 3
C e S k]
o ERRSRIERK s I k]
RN KRR pRXXX] 1
L AR B0 Booesse -
e R s K
- k] R R k]
oo Il s -
oo RS R K]
_5 o R g R
10 I L1 T L1 L1 L 1 L1 L1 0 R R R kA

Trigger Threshold [GeV] Energy in Jet/photon patch

All L1-Jet/photon Triggers by Calorimeters Worked Well in 2015 Pb-Pb Runs!
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Inclusive Charged jet measurement with /snn = 5.02 TeV Pb-Pb collisions




Analysis Flow ( Pb-Pb collisions )

( )
* Dataset

* Jsnn = 5.02 TeV, Pb-Pb collisions Event Selection

* MB triggered events
( 3.36M events, ~5% of full statistics)

. Track Selection
* Charged track selection

*|n|<0.9, pr'?ck > 0.15 GeV/c

* Jet reconstruction Jet Reconstruction UE density : p

UE fluctuation : dpr
* background is subtracted from

i Unfoldin
reconstructed jet ’ PYTHIA detector RM
* Unfolding
Jet finding efficiency

pp inclusive Jet spectrum

* anti-kr jet reconstruction algorithm
*R=0.2

*|n|<0.7, pr'*a > 5 GeV/c subtraction

Underlying Event

* Underlying Event subtraction

* to correct for detector effects and Inclusive Jet spectrum
background fluctuations

* Inclusive jet spectrum, Raa

* fully corrected to charged particle level,
assess nuclear modification . v,
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Underlying Event Density

Challenge in Heavy-lon Collisions

* large background contribution to jet energy
* dNcn/dn ~ 1300 (0-10% centrality )

Underlying Event Density

* background density : p

* median of kr clusters except largest two o 250 e
, > | ALICE Pb-Pb, {5y, =5.02TeV ]
. di PT.i o) i N ’
p = median Al Q 200-_ pT'mk>0.15 GeVic L :L. _-

i 1 =10
* p~145 GeV/c for 0-10% ( ~18 GeV/c for R=0.2 jets ) - ALICE Preliminary -
50— —

* The average background energy density p scales 1 - 104 10°
linearly with track multiplicity. ; .

100_— . 1P
i v i
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Underlying Event Fluctuation

UE fluctuation : opt

> 10°
) . g —e— Random Cone u=-0.5, #5=4.1, 6=5.2 ;
*  Opr is used as a measure for background fluctuation 8 10F —— RC (wiolead. jey W5=09, 0*5=40,050 o
. § —¥— RC randomized n¢ u5=-0.3, 6*#5=4.0, 6=4.7 ]
*  for the correction of measured spectrum 8 -
o =
o ALICE Preliminary .
10
track ALICE Pb-Pb 0-10% 3
6PT — Z PT A-p 0 [Sre = 5.02 TeV :
99 R=02 E
. e% Prya > 0-15 GeVie 7]
$ i”.
*  dpr width (magnitude of UE fluctuation) 10 39" ’ns\
*  fluctuations larger in central than in peripheral collisions 10°° ¢
* ~5 GeV/c for R=0.2, 0-10% centrality 10 G e e e e o e e o 50

d P, (GeV/c)
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Nuclear Modification Factor : Raa

* Nuclear modification factor : Raa * Raa (5.02TeV) is comparable to Raa (2.76TeV)
* Raa > 1, enhancement of yield * denser medium=stronger jet suppression =>smaller Raa
* Raa < 1, suppression * harder collision=flatter jet spectrum
=larger Raa
I I dNch jet o effect of flattening of the spectrum compensated by
R (Taa) Nevt dprdn stronger jet suppression ?
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Summary

* Jet Quenching
* Attenuation of jets in central Heavy-lon collisions
* -> jets are good probe to access QGP property

* development & commissioning of ALICE-EMCals’ L1 trigger system

* Jet/photon triggers working well in Run2
* achieves expected performance

* Inclusive charged jets Raain /snn = 5.02 TeV Pb-Pb Collisions

* strong suppression at central collisions
* comparable to Raain {/snn = 2.76 TeV
* -> balance b/w spectrum flattering and stronger suppression?
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