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Heavy nuclei collisions ¥ ATLAS -

[ In heavy nuclei collisions at high energies,
M quarks and gluons become free,
B form a high density colour deconfined state of strongly interacting matter.

* [ Lattice QCD predicts a phase transition to QGP
M high temperatures

M energy density reached

O High-momentum partons from early stages in collisions, traverse hot QGP,
losing energy as they interact with constituents:

M radiative processes (gluons) T .

M collisional processes
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Heavy nuclei collisions % ATLAS .

[ In heavy nuclei collisions at high energies,
M quarks and gluons become free,
B form a high density colour deconfined state of strongly interacting matter.

" [ Lattice QCD predicts a phase transition to QGP
M high temperatures

M energy density reached

80 High-momentum partons from early stages in collisions, traverse hot QGP,
losing energy as they interact with constituents:

M radiative processes (gluons)

M collisional processes

J And give rise to final particles sensitive to either
- electroweak interaction (W, Z, photon)
- strong interaction (quarks, gluons =» jets)

Both provide valuable info on energy loss mechanism and partonic medium
characteristics /spatial structure
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Data samples ¥ ATLAS

- CMS ION LUMINOSITY 2011 and 2010
PR:Pb 2011
160.0 “ L Excellent LHC operation
140.0 [
1200 — O Triggers on several objects:
o DD MinBias, photons, L, electrons,
e, Jets, UPG,
60.0
40.0
o 2010
S PbPb pp pPb (2013)
0.0 | e-sre—@-se@tse——@® ‘ ‘
5/11 10/11 15/11 20/11 25/11 30/11 5/12 10/12 (2010/11) (2011/13) \/SNN = 5.02
Day/Month in 2010 and 2011 _\ISNN = 2.76 _\/s= 2.76 TeV
TeV TeV
Lumi (nb!) 0.007/0.15  230/5000 31
Nevts (M) 50/ 1.2 103 15 103 64 103

ATLAS & CMS

O Have optimal features for measurements in Heavy lon collisions

M wide rapidity coverage (almost 4r)

B high collision energy, where interesting interactions (high p;/ Energy) distinguish
clearly from underlying evt processes (low p;/ Energy).
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 Reflects geometrical overlap of colliding Pb
nuclei

J Related to Nb of participant nucleons
(Npart) in collision and Nb of binary
collision (Ncoll) (through Glauber model)

1 Measured with energy deposit in Forward

% E; (<3.2) [TeV]

10 ATLAS
L Pb+Pb \ 5=2.76 TeV

Calorimeter o

Particle production and its characteristics
depend on degree of centrality of collision

Pb nucleus Pb nucleus

r

Fraction of events / 0.05 TeV

Spectators Participants Spectators 0
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Jets : quenching

—_|4...l-.-.-.-|..

 NNLO calculations predict abundant rates of jets with
p; > 100 GeV/cin |n|< 4.5 = useful probes to test
thermodynamical/transport properties

[ Already established at RHIC suppression of high p;
particles (quenching).

d ATLAS & CMS probed jet momentum suppresion
using Dijet Asymmetry for central collisions

©40-100% ]

) dN/dA

eyt

(1/N

J1- :
A = P1 pTI2 A, = 0 balanced jets
T nJl+pn )2 ~ i
b opttpy A, ~ 1 unbalanced jets

=
e

) dN/dA®

et

(1/N

—
DI

Ad = 1 - 2

Jets remain essentially back-to-back

107

ATLAS PRL 105 (2010) 252303 Ad

Begofia de la Cruz (CIEMAT) Jets & Vector Bosons in HI Collisions  LHCP 2013 7



Jets : quenching

-

 NNLO calculations predict abundant rates of jets with
p; > 100 GeV/cin |n|< 4.5 = useful probes to test
thermodynamical/transport properties

[ Already established at RHIC suppression of high p;
particles (quenching).

d ATLAS & CMS probed jet momentum suppresion
using Dijet Asymmetry for central collisions

(1/N ) dN/dA
eyt
[ =

]

J1- :
A = P1 pTI2 A, = 0 balanced jets
T nJl+pn )2 ~ i
b opttpy A, ~ 1 unbalanced jets

L=
T

Ad = &' - 2 m

Jets remain essentially back-to-back f T
A

ATLAS PRL 105 (2010) 252303 Ap
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Jets : quenching

J

 NNLO calculations predict abundant rates of jets with
p; > 100 GeV/cin |n|< 4.5 = useful probes to test
thermodynamical/transport properties

[ Already established at RHIC suppression of high p;
particles (quenching).

d ATLAS & CMS probed jet momentum suppresion
using Dijet Asymmetry for central collisions

) dN/dA
evt

(1/N

J1- :
A = P1 pTI2 A, = 0 balanced jets
T nJl+pn )2 ~ i
b opttpy A, ~ 1 unbalanced jets

) dN/dAD

et

(1/N

-
D|

Ad = 1 - 2

Jets remain essentially back-to-back
10

= :
ATLAS PRL 105 (2010) 252303-| Ad
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Jets : quenching

[ NNLO calculations predict abundant rates of jets with %1 ! \ SNN_E 76 TeV 0-10% :
p; > 100 GeV/cin |n|< 4.5 = useful probes to test % Lo ATLAS :
thermodynamical/transport properties s Pb+Pb

[ Already established at RHIC suppression of high p; < i

particles (quenching). mﬁ
d ATLAS & CMS probed jet momentum suppresion

using Dijet Asymmetry for central collisions

0.2

0.2 0.4 0.6 1

J1- )
A = P pTI2 A, =0 balanced jets » A,
]~ i ————r—— e r——T

pr1*py’? A =1 unbalanced jets

<10

g ® Pb+Pb Data

S

% QO p+p Data

8 ' OHUING+PYTHIA
——

Ad = 1 - 2 1o

Jets remain essentially back-to-back

ATLAS PRL 105 (2010) 252303 A
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Jets : quenching @ ATLAS

CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

Lumi section: 249

Compact Muon Sclencid

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV

at LHC, CERN
Data recort un Nov 14 19:31:39 2010 CEST
11328520

[Jet 1, pt: 70.0 GeV|

[Jet0, pt:205.1 GeV|
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Jets : quenching

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET
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Jets : where is p; lost? @ ATLAS ‘ 0

Calculate projection of p; of tracks on
CMS Phys Rev €84 (2011) 024906 | |eading jet axis and average over selected

0-30% Central PbPb tracks with p; > 0.5 GeV/cand |n| <2.4

ows . loom o
40-_ Pb+Pb \s,=2.76 TeV ‘Mj‘

- f Ldt=6.7ub" \,\X{“ [’%f@
20 I Track i§ %

3 . T T — E —PT COSs ((PTrack - q')Leading ]et) g
Of-—g=-----—"-=--- $n LEREEEE Tracks %

20 7 Y

[ I T T | 1 N T N S |
0.1 02 03 0.4

A,

Integrating over the whole event final state
the momentum balance is restored
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Jets : where is p; lost? % ATLAS

Calculate projection of p; of tracks on
CMS Phys Rev €84 (2011) 024906 | |eading jet axis and average over selected

0-30% Central PbPb tracks with p; > 0.5 GeV/cand |n| <2.4
@m
| Pb+Pb \'s,=2.76 TeV ] 4]
401 de1=s.7 ub” : N § %
. ~ = ] ® >0.5GeVic E
. 20f . I r— 3 : .
S ] ; [ 0.5-1.0 GeV/ic gé §
S o : [ 11.0-2.0GeV/c 2
5 | [ 2.0-4.0Gev/c gy
20} [ 4.0 - 8.0 GeV/c
: I - 8.0 GeV/c
-40?
- L I | I L1 11 I L1 1 1 I L1 1 1

0.1 02 03 0.4

A,

Integrating over the whole event final state
the momentum balance is restored, v
with low p; particles
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Jets : where is p; lost?

CMS Phys Rev C84 (2011) 024906

0-30% Central PbPb

| 1 I LI B | I 1 LI I I LI 1 e s | O A | I '__ LI L I LI I | I LI I LI L I L 1
| CMS 0-30% L In-Cone | Out-of-Cone |
| Pb+Pb \5,=2.76 TeV T CMS0:30% AR<08 | AR=0.8
40+ f" dtm 6.7 b T~ Pb+Pb \5,=2.76 TeV T
| 1 Jre-erw’ T O
| & 20T — = T T —
= —— : . —— __ e ]
S o ' .
;N A
i
=20 -
40+~ -
| b by b v b by PRI RS NN S S R S S TR S NS RN N T T T b b v v b v v by ]
0.1 02 03 0.4 0.1 02 03 0.4 0.1 02 _ 03 0.4
A, A, A,

Integrating over the whole event final state the
momentum balance is restored, with low p; particles
at large angles relative to the away side jet axis
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Jets : quenching @ AILAS |

ET, O Initially produced high-p; partons travel
1/ through QGP and emerge as showers of
particles (jets) after hadronization/
fragmentation.

d The high-p; parton loses energy in its way
through QGP, depending on path length

M Radiative
B Collisional,
M [n-out cone jet, broadening it

What happens to the fragmentation process?

O Fragmentation functions reflect sharing of parton energy when hadronization into
colourless particles. Are they modified by the energy loss mechanism?

1 Evaluated correlating reco charged-particle tracks within a jet cone, with its axis.

p Z~1=» collimated jet > £E=0

& O _ 2 _
'.\ : L= 5 =In(1/2) Z~0 => wide jet = £ >>

Begofia de la Cruz (CIEMAT) Jets & Vector Bosons in HI Collisions LHCP 2013




Jets fragmentation < ATLAS .

Consider tracks (p; > 1 GeV/c) =» enhanced contribution of soft particles
appear, broadening jet, when comparing

d PbPb Central to Peripheral collisions (ATLAS)

J PbPb (different centralities) to pp (CMS)

ATLAS-CONF-2012-115 CMS PAS HIN-12-013

— —rrry N 1 I I~ I~ _| T

O, o ATLAS Preliminary E 3f CMS Preliminary -

Pb+Pby/s,,=2.76 TeV - L, =129 b’ T

1.5 - = - T

L,=0.14 nb _ ] 2.5 - Systematic uncertainty T

1.4 anti-k, R=0.4 = % 2: T

3 p'>100 GeV E S °F s PbPb 1

50-60%/60-80% | & 45F —— ppreference F

1.2 - o T

- s 1

1.1 1:—y'i"i"'i";".i"i"'"! “““ T

1 o ;

B g pysfnh : o 50-100% 1

U.g _: 0_| L1 1 1 | | I | L1 1 1 | L1 1 1 | 111 1 | | I__

0.8 SN 0 1 2 3 4 5 (
10 ' G £ =1In(1/z)

Z
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Jets fragmentation % ATLAS . '

Consider tracks (p; > 1 GeV/c) =» enhanced contribution of soft particles
appear, broadening jet, when comparing

d PbPb Central to Peripheral collisions (ATLAS)

J PbPb (different centralities) to pp (CMS)

ATLAS-CONF-2012-115 CMS PAS HIN-12-013
= ———rrr : —r—rr ;| T T i.l T i I i T T i L |;
O, £ ATLAS Preliminary 1, 3f CMS Preliminary I
Pb+Pbys,,=2.76 TeV g L L, =129ub” 1
1.5 : - - -

L,=0.14 nb’’ _ : 2.5 y Systematic uncertainty

1.4 anti-k; R=0.4 3 Q. N

. E a of -
| 3 pF'>100 GeVv S - s PbPb T
| 30-40%/60-80% Q4 5F pp reference +_-:
1.2h o : !
1.9F 1_+_ _T.___'___.___.___.___. _________ -
1— } I—I—I—I: o -
i 5 o9 30-50% 1
0.9F E 0 o v v v v b Lo 0t
0 1 2 3 4 5 |

IIII.SE ' """'_1 — """E.
" RCC) £ = n(ilz)
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ATLAS-CONF-2012-115

ATLAS Preliminary

Pb+Pbys,=2.76 TeV :
1SF | =0.14 nb" E
14 anti-k; R=0.4 -
| 3 pftﬂon GeV :
' 20-30%/60-80%
1.2/ 4
1.1 #
' HH
1 L 1 AR ‘
0.9 byt 3
0.8 '

PbPb/pp

Jets fragmentation

El

¥ atias 2

Consider tracks (p; > 1 GeV/c) =» enhanced contribution of soft particles
appear, broadening jet, when comparing
d PbPb Central to Peripheral collisions (ATLAS)
J PbPb (different centralities) to pp (CMS)

CMS PAS HIN-12-013

0.5f

_IIII|_IIII|_IIIIjIIII_|IIIIII:__r

CMS Preliminary
L, =129 ub”

Systematic uncertainty

» PbPb -
pp reference » ]

10-30% p:

2T
& =1In(1/2)
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Begoina de la Cruz (CIEMAT)

Jets fragmentation

S ATLAS _

Consider tracks (p; > 1 GeV/c) =» enhanced contribution of soft particles
appear, broadening jet, when comparing
d PbPb Central to Peripheral collisions (ATLAS)

J PbPb (different centralities) to pp (CMS)

ATLAS-CONF-2012-115

ATLAS Preliminary

1.6 ]
Pb+Pby's,,=2.76 TeV :
19F L =0.14 nb" 3
1.4 anti-k, R=0.4 E
jet
1 aF pr >100 GeV
F 0-10%/60-80%
124 }
1.1F
- i | I I I
1: ' I I'
Dg:_ L ] i i _-
S P
0.8F '

PbPb/pp

@

Jets & Vector Bosons in HI Collisions

0.5;

CMS PAS HIN-12-013

_| L | -
- CMS Preliminary h

L, = 129 ub™ ;
Systematic uncertainty {:

» PbPDb
pp reference

0-10%

0 1 2 3 4 5
& =1In(1/z)
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Jets fragmentation @ ATLAS ¢

Consider tracks (p; > 1 GeV/c) =» enhanced contribution of soft particles
appear, broadening jet, when comparing

# U PbPb Central to Peripheral collisions (ATLAS)

\I  PbPb (different centralities) to pp (CMS)

: CMS PAS HIN-12-013

_| T T T | T T1 | T T | T T T | T TT | I ]
- CMS Pre"minary Llnt =150 I.lb-1 . :| L L L LA BRI R |:
3F=7 2010, 0-30%, Leadingjet 1 © CMS Preliminary :
e« 2011,0-10%, Inclusivejet ] 3 | = 120ub" :
2.5 mEm 2011, 10-30%,Inclusive jet = - St T ) ;
o & L 2.5¢ Systematic uncertainty ]
_Q_. 2 Q. _ _
S ¢ L 27 e« PbPb .
5 - O i
" 15 [ pp reference
. % 1.5¢ » -
1: _______________ — an P
: : L e :
L - L .
0.5 . 05 ]
- Jet p; > 100GeV/c  p;>4 GeV/c i 0-10%
-~ 0 _l 11 1 | | 1L 1 1 1 | | I | | 11 1 | | 1 1 1 1 | | I_ 0:| L | L | L1y | Ll | L1 | | |:
0 1 ;‘-2 | (j; ) 4 0 0 1 2 3 4 5
, - =In(1/z _
MS JHEP 10 (2012) 087 z » ¢ =1In(1/z)
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AL =

Jets yield (R,,) X ATLas

| 1 Inclusive jet yields per event in PbPb collisions are studied through

1 d 2NA+A/dyde

< con) AN

., /dydp,

normalised to the average nb. of binary nucleon-nucleon collisions (N_.;)

S O Rep , relative yield in central versus peripheral PbPb collisions.

oC 1.5} anti-k, R = 0.4 jl_dr=7ub" 1

C L T —

16F PbPb \§5,=276TeV  Bayesian -

- _ A m

14 Ldt=128ub" Inl<2 __ y,cor statistical -

- —e— 100 <p!" (GeVic) < 110 .

1.2 = 100< pJet (GeVic) < 300 Total systematlcst

P ottt eemseeaeneeeeneeeaneeeaaneesameeeaneesaneeeaneeeansesenseenanes B
14 1 :E ]
T o8 o =
C ) -

0.4 - CMS Preliminary . E

0.2 E-Anti-k_ Particle Flow Jets R=0.3 =

0 R WS N AN SR SR ST S N\ P L -

0 100 200 300 40

CMS PAS HIN-12-004 N

part

ATLAS Pb+Pb \'s, =276 TeV

,,,,,,,,,,,,,,,,,,,,,,,,,, +—9——¢——¢——=i_
0-10 %
| | L1 1 ‘ L1 1 | L 1 1 | L1 1 | L 1 1 | L1 1 ‘ L1 1 | | g

60 80 100 120 140 160 180 200
ATLAS Phys. Let. B719 (2013) 220 p_[GeV]

L"ﬂth ion, | tral collisi Imost ind dent ietk DT
aCtor suppression, In central collisions, almost Inaependent je Cone radius
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b- (c-) quark Jets @ ATLAS

O Interesting to distinguish jets from gluons and quarks (and, if possible, flavour) :
O Identification of jets originating from b-(c-)quarks.

New step forward in LHC for HI collisions!!
‘ol ATLAS: statistical discriminating signal-bckgd variable based on different p; measurements

CMS PAS HIN-12-003

\Syy = 2.76 TeV
|II\I‘I\II‘I\II

CMS preliminary

0-06 LI | LI | | LR | T T 1T
i ILdt=150pb"

0.05~ ®  PbPbData n
- Pythia+Hydjet .

0.04— [ ] Syst uncertainty + |

c
2 L i
i3]
£ 0.03—‘ i ’ ~
. E‘ i | |
< 0.02 .
L 80<JetpT<100 GeVic
0.01— —
| 50-100%  20-50% 0-20%
cev b e b b b b by
00 50 100 150 200 250 300 350 400

Npart

Raa(b-jets) = 0.48+0.09(stat)+0.18(syst)
100 < p; jet < 120 GeV/c
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b- (c-) quark Jets

O Interesting to distinguish jets from gluons and quarks (and, if possible, flavour) '

@ RILRY

O Identification of jets originating from b-(c-)quarks.
New step forward in LHC for HI collisions!!

CMS PAS HIN-12-003

\Syy = 2.76 TeV
|II\I‘I\II‘I\II

CMS preliminary

0.06 L LR
i ILdt= 150 ub”
0.05~ ®  PbPbData B
- Pythia+Hydjet .
c 0.04— [ ] Syst uncertainty + B
=] L
©
£ 0.03—‘ i B
E‘ | f
< 0.021- .
L 80 < Jet P, < 100 GeV/c i
0.01— —
i 50-100% 20-50% 0-20% i
A B ST A BT AU A I
00 50 100 150 200 250 300 350 400

N

part

Raa(b-jets) = 0.48+0.09(stat)+0.18(syst)
100 < p; jet < 120 GeV/c

Muon ch

Relative to 0.6
peripheral  ,

0.8

0.2

sad ATLAS: statistical discriminating signal-bckgd variable based on different p; measurements

ATLAS-CONF-2012-050
1.2 ! ! ' ! ! ! ! ! ! ! ! 1 ! U T T T T T T
| ml < 1|.05 | | F’io+F’b |
1 \'Syy = 2.76 TeV

.
-

W,
-+-0-10% / 60-80%
-~ = 10-20% / 60-80%

Ldt=7pb"
- - 20-40% / 60-80%
_ = 40-60% / 60-80% ATLAS Preliminary
1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 1 I 1 1 1
O0 2 4 6 8 10 12 14
p. [GeV]

Raa(b-jets) compatible with that of inclusive

jets, weaker than for charged hadrons

Jets & Vector Bosons in HI Collisions
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b- (c-) quark Jets @ ATLAS

O Interesting to distinguish jets from gluons and quarks (and, if possible, flavour) :
O Identification of jets originating from b-(c-)quarks.
New step forward in LHC for HI collisions!!
‘ol ATLAS: statistical discriminating signal-bckgd variable based on different p; measurements
2% of muons in various detectors, using muons coming in jets (4<p;<14 GeV/c)

o 14] OMS | CMsS PAS HIN-12-014 ATLAS-CONF-2012.050
- PbPb\/s,, =2.76 TeV ] N — — —
100 [0 ] Auee:couna _' o’ i <105 Pb+Pb
T average 0°, D", D" - 5 e \SNN—276 TeV
C 6<p, <12 GeVic, lyi<d5 | 2 B ) )
- e = —
i E3 : 081 - 1
ﬂ.ﬂ_'— b quarks ;“I:MI‘.-F!JF‘?[].L |.|.']_ -
oeh * 85 CVONM2LY  Rolative t0 0.6
o N E . - -
- H * . 1 peripheral ,f %)
0.4 H * [ - 0-10% / 60-80%
B . - = 10-20% / 60-80% _ -1
oof C-auarks : i 021 < 20-40% / 60-80% Ldt=7ub
C ] _ = 40-60% / 60-80% ATLAS Preliminary
L - PR SR NN RN SR A NN SR AN SO T AN T SR S N ST S A TR S
-k S0 W24 e s 0 121
Ny p, [GeV]
R, (b-jets) = 0.48+0.09(stat)+0.18(syst) Raa(b-jets) compatible with that of inclusive
100 < p; jet < 120 GeV/c jets, weaker than for charged hadrons
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*‘ vew! Z DiJets in p-Pb collisions @ ATLAS

CMS PAS HIN-13-001

Asymmetric collision

A Tt T CMSPreliminary LI A
T v p (4 Tev) 0 33 p > 120 GeV/c P ® pPbis=5.02TeV ]
v > 0 . .pPb | Ldt=18.48 nb —— PYTHIA+ HUING ]
Ph 50.25—" > 30 GeVic - e X4 PYTHIA 3
1.58 TeV/N | P > F > ]
( /N) New! E o2} HF[InI 4 ¢ 90 GeV i EX 4> 40 Gev ;
L . ;
22/n 1 e +<0.15F - N
 p/%/p;* insensitive to N, , 5 | Npare < E
in collision = no p, imbalance M 5
Pr 0.05F : j
Q Jets remain back to back L ae
: : p_/p
L Consistent with pp reference T2 T
o Cns Bretminary o wiomew 1 Modification of duet n(mg+ nz)/2 with Npart
i prJ-Ldt=18.48 nb” 20 GeV<E; """ <25 Gev | L0 PR— N TR [-p— S
21" anti-k (PFlow) R=0.3 * 25GeV<E; " <30GeV— F i :
o " o, > 213 30 GeV < B/ < 40 Gev | 020 P 120 GeVl/c R 1.1 - ® pPbys,=5.02 TeV
< £ [ The % By 40 Gev ] C ] C O PYTHIA + HUING
z gg 15[ p,,>120,p, >3;Cie\ﬂc . ok P, > 30 GeVic - E 1'0515_ PYTHIA
ot o) | A, f = ~
- %E _3:_ /_"3 A ,\, s % s _: {?_:% 0.4;— O C.) 8 (@] 5 = %50.95; e = o o
Z-D = "O ‘,f;\, ;‘r ﬁ\:\ - i 092— L ] O
- - - 055 - : e
0.5 ] ! i 085E ° B
- ] 06 . 08k
0; Lg_l;_3 _0.7:||||||||||\1|x‘|||||||||||||||: 0.755....|....|.\..I\...I\...I.x..
] 10 20 30 40 50 60 0 10 20 30 40 50 60
HF[ill\ (G ev) HF[III\>4I (GeV)
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Vector Boson Production
Y, £, W
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Isolated Photons @ ATLAS

qg —»yq Compton scattering

Direct photons from hard scattering
dqq —yg quark—antiquark annihilation Direct probe of initial state

g, 9 >y + q, g Parton Fragmentation (FSR)

Challenge: Disentangle photons from =0, 1 decays
=»Isolation techniques are crucial

T T T T [ T T T I T T T

3 10" ATLAS Proliminary  — 0-10%(x10?) i CMS Phys. Lett. B710 (2012) 256
Q - v Pb+Pb\5NN=‘2.TBTeV 4+— 10-20%(x10") 4
L, =133ub N 0 — A 4
= k2 A = ig:gz;:(xw ) . , CMS \[5,,=2.76TeV L _(PbPb)=6.8pub" L, fpp)= 231 nb
A{ 7JETPHOX130 -||||||||||||||I||||I||||||||||||||
b< 10°F T‘LI* ------- PYTHIAMC11 ] i —e— R, (0-10%)
J e 9 CMS HI (Inj<1.44) _ ]
%|_ - jﬁ* L'_I_'_ o CMS pp (<1.44) Systematic Uncertainty |
Z710°
p=3
B -
<
=~ 10 N -
- — 15)/ipp(CT10
10-1 B [}5 | PbFb({EFS09)/pp( ) ]
e — PbPb(nDS)Vpp(CT10)
5 . - |ATLAS-CONF-2012-051 - A oo
. \ i S uncertainties |
.~ 10-3 J ‘ I |160‘ ‘ ‘ ‘260J J I D||||||||||||||I||||I||||||||||||||
\ 0 10 20 30 40 50 60 70 80
’ photon p_[GeV] Photon E; (GeV)
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Isolated Photons @ ATLAS

O Photons are unmodified, independent of centrality or E; range

P 8 L 1
% | + |
2.5 T T ™ o _HLJH‘++ _____ [—— 010%("'6)_
CMS \'s, ~2.76TeV Pbpujl_ dt = 6.8 ub" E
2[730 - 100% 7] 7 pp jL dt = 231 nb” 2
1.5—+ 10-30% 0-10% 4 Aus I
{ E[g L 8 ] + + 1 —e— Centrality bins () L |
| = R e T e o *ﬁk 10-20%(+4)
‘ E 0-100% ] ] Systematic uncertainty [ e N
0.5 E, :20-25 GoV T E, :25-30 GeV 7 [] PbPb (Me trig) ang R * i
R [ ] pp (lumi) uncertainty
AA } } } e B B o e T T T I 4

2
o2 E,:30-40GeV | E,:40-50GeV | E,:50-80 GeV | - o]
°n"'aér5"'zr:':la"aéa T "';éa"'zéNA"aé:;";éa' ""155"%? TR T ++#+ """"""""" s Z{fp}é};_;ﬁi;fgffé—
B B Npart B 0 | Lol I Li":=13\;ﬂ?; ||.Tl|<1|-?3 \
|CMS Phys. Lett. B710 (2012) 256 0 100 200 300

ATLAS-CONF-2012-051 photon P, [GeV]
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Z optp- @ ATLAS

d Z, W bosons measured for first =W ” /L\ @ pmme
. . « . /\\/ Muon: blue
time in Heavy lon collisions at a U i ) i
ATLAS & CMS w EX PERIMENT

B Simulation studies (e.g. Phys Lett i

0 4| B663 (2008) 202 Z. Conesa del Valleetal) 4

d qa — W,Z g—qgbar annihilation
Decay before QGP formation —

£

Peirs Zint W
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Z Spty ¥ atias 95

Run Number: 194370,

Event Number: 26132256

(~7
L \\ ” L N Date: 2011-12-06, 22:35:03 CET
\ NS )

Muon: blue

A Z, W bosons measured for first f\’

time in Heavy lon collisions at oo U Sl ) S
ATLAS & CMS EXPERIMAENT

B Simulation studies (e.g. Phys Let
B663 (2008) 202 Z. Conesa del Valle et al)

Decay before QGP formation

xperiment at LHC, CERN

aar-corded: Tue Nov 9 23:51:56 2010 CEST
ent: 150590 / 776435

ection: 183

Muon 1, pt: 33.8 GeV
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Z -ete

[ .‘ 4 i 14 1 ;_.Ia-?fi.' .'.;"."T\'“ -~
L W-Z production cross sections in:pp: \ ’\\!"\,’e", ek
: 4. , Y \': ECa
collisions is ~4 orders of magnitude \§ ) Gioid 5 |
smaller than b production. \}

')

B Leptonic (u, e) decays reduce it an ~ \
additional factor y Y
B BR(W—Ilv)=0.10; BR (Z—Il) =0. 033
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O W-Z production cross SeC’(;JOh,_SI p |

collisions is ~4 orders of magnitude \!“ \ R
smaller than b production. %\

B Leptonic (i, e) decays reduce itan ~ \! .

additional factor :i:' |

-

W BR(W—lv) =0.10 ; BR (z—ll) =0.033.

Z VN

 But provide clean signals in detectors

Challenge: Very small
production cross sections

Run Number: 193546, |/,
Event Number: 27903149 (

Date: 2011-11:20, 05:01:50 CE \ A /\\;
- —_ =RERI A EL sollisions  LHCP 2013 34




Z boson mass @ ATLAS

'> ATLAS Prellmlnary T g g

0 - Data 2011 Pb+Pb I +11- ]

O [Ns=276TeV L.=0.15np" | EFOWH :

- i T 1

’ L +a- Z—ee [ Z-uu B
U Clean signal with very S 100 Z€"€ | ciesiom ros T <rans _
low (< 3%) background = i oSamesign: 42 [ o 14 ]

© T [CJSimulation g

GeV/c) muons/electrons 50_

of opposite sign

- ey S 70, 80,90, 100 110 70 80" 90 TR
I I I
K C 7 [ relimina
%140__ CMS Preliminary a1 3 ggdpsb\,TL 2?;3T9V Mee G V] ‘u'u [GeV]
) r Pb+Pb Vs = 2.76 TeV ] 30_ P2 > 20 GeV/c, <24 :
E'120 _~—opposite charge pairs Lo = 150 b - Z_ —=— ppposite-sign pairs _Z
@ F 4> 20 GeVie, 'l < 24 ] - .1 |ATLAS PRL 110 (2013) 022301
§100_— Py 20 GeVic. 24__ 25:_—same-sign pairs Z_)e+e _:
" - ] E =45 b’ E
soE E ” E Better mass resolution in
50 SIS g muons than electrons
a0- Epna i (consistent with pp
- 1 ] measurements)
201 1 5 -
C > 1k o H 4’ .
Qe g e e e QTR A T e [N PAS HIN-12-008
M, , (GeV/c?) m,, (€'¢) [GeVic?)
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x107%8

Z boson R,,

S ATLAS s

L L L L R R B R R IR R ?5 i;; ATLASPreI|m|nary AZ_)ee -
5‘:’. [ CMS PbPb Preliminary 150.0 ub™ aty[S, = 2.76 TeV '\'23‘ - Pb+Pb \s,, =2.76 TeV *Z |
v f 1 71~ aL Data 2011 L =0.15nb" vZ—up a
Q ® CMS, |y|<2.0 1 % 3
= . ) - g/ " . ] +|—| +I‘I —
§ = Systematic Uncertainty I ,EA I,I,ET 7777777 +§+ 77777777777777 §+ 7777777 + 777777 W -
T f ——— POWHEG (+ 5%) x TAA (+ 6%)° * o » |_|+ ++ i
% i i 4— - +._. |
N ] B ol O L T
- ] ol Hi 10<pZ<30GeV +$‘Y + +3.* _
- | al__ ] m, A (S L j _
: _ g A%y A
i ¢ 7 i ___+E_!_F_’§_>_§99'?Y_Luy ............. A
'\
2l bevve Lo Lo B B B b be e v 1y ! L | L L L L | L L | | | | | | | |
10%5"76"50 50 40 50 60 70 80 60 100 0 100 200 300 400
Transverse momentum (GeV/c)p;(Z) Npart part

CMS PAS HIN-12-008

ATLAS PRL 110 (2013) 022301

Yields compared to Pythia (ATLAS) / Powheg (CMS), normalized to NNLO (FEWZ)

Begoina de la Cruz (CIEMAT)

pp production cross sections (with corresponding N
Consistent with unity as a function of p,, rapidity and N

Jets & Vector Bosons in HI Collisions

coll

factor)

part

=>» No suppression

LHCP 2013
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Z boson R,, @ AILAS | '

2;‘";'0-5%¢ _
Q i =g g | ATLAS Preliminar AZ .
é 1;'HIIIIFIIHUIHI ’ i*“*m$"¢q*“+M"“f“5 ';F'Z% Za ] Pb+Pb \/37NN _ 276yTeV 07 j) ﬁe ]
o P L6 * Data 2011 L, =0.15nb™  vZ— —
<2l 510% E B|_F | _ . ]
Siié o”gq. - <0 ? S T . +§+ fffffff +;+ ffffff oy -
E e | - - = +++ 1
2‘* 10-20% T -
VIOV WS- ~ Ao PEoceVigy 5. _+_:_+ ___________ ]
: A ] - + A { N
-t ——— 2— Tm 10<p’<30GeV +n +t. —
20 20-40% ] B | A LA +$*+§Y
T _ :
1m+¢*ﬂ**w i ___+__!_!_P§_>_?’_‘_’9‘?Yiuy ............. AT Y
el el ML | - 1 1 | | 1 1 | ‘ 1 1 1 1 | | | 1 | ‘
25 40-80% | 0 100 200 300 400
i 40 80+/o + E Npart <Npan )
11 I *+* i ++ _:
T wh ATLAS PRL 110 (2013) 022301
1 10 10°
Pr(Z) ¢z (Gevs

Yields compared to Pythia (ATLAS) / Powheg (CMS) normalized to NNLO (FEWZ)
pp production cross sections (with corresponding N, factor)

Consistent with unity as a function of py, rapidity and N, =» No suppression
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CMS. |
RILAY Z
=

CMS Experiment at the LHC, CERN

Data recorded: 2010-Nov-13 04:47:56.332426 GMT(05:47:56 CEST)
Run/Event: 151027 /1518723

u in barrel region
n =-0.7

../ 1 Central evt (0-10%) /.
M, Missing p; = 43 GeV/c ,

i
|
4 |
] f
) CERN 200 Al rights reserved. http:/figuana cem.
g Hp i
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Wity < ArLas €

—_—

o
[43]

m

-

E : ||||||||||\| E
" % ATLAS Preliminary J.L=5ub-13

ATLAS +CMS: High p; (> 25 GeV/c) muon in
PbPb. Fit to

Muons/GeV
Q
I

u* Syn=2.76 TeV

: . 102 - Data 2010
O Signal: Pythia pp — W+X - [ W—snv
O Background: decays from b-c-quarks 10 % Background 1
(ATLAS), functional form (CMS) 10; t, — Fit i

|

|

CMS: Additionally, High Transverse Momentum 1=
imbalance, ¢@; (>20 GeV/c), in event allow -

= _l 111 | 1111 | 1111 | 1111 | 111 | 111 |T'I‘| 11 | 111 L1l
reconstructing 107010720 30 40 50 60 70 80 90 "
ATLAS-CONF-2011-078 o [cev] Pt
m, = /2pT* pr (1 — cosd) - -
1601 pt > 25 Gevic + CMS
= — 140 Ml <21 L,, (PbPb) = 7.3 ub™"
0= 0l1) = o) 120 > 20 GeVie L. (pP) = 231 b

O pp data (\s=2.76 TeV )

O Distinctive signal for W bosons o PbPD data (\S= 276 TeV )

Number of Events/ 8 GeV/c?

o
1II|III|III|III|III|III
u

50 PYTHIA + HYDJET
. . 40
1 Both for PbPb and pp collisions 2
CMS Phys. Lett. B715 (2012) 66| 0 150 200 250
mT m; [GeV/c?]

Begofia de la Cruz (CIEMAT) Jets & Vector Bosons in HI Collisions LHCP 2013 39



W bosons yield @ ATLAS

\ |ATLAS-CON F-2011-078|

E2_5_\\I‘I\II‘IIII|II\I|\IH|\I\I|\III| IIIIIIIIIII ]
14 - ATLAS Prelimina . . . . . .
" 4 Data 2010 i W yields in different centrality bins, relative to most
;I:lTotaI uncertainty _: central bin
1_5:_sz5ub'1 sw=276 Tev 1 Within uncertainties, no suppresion of W production

with centrality of collision.

L1 |\I\Il\lllllll\ll\l\‘l\l_
0203040506070809 1

peripheral central centraiity
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W bosons yield @ ATLAS

\ |ATLAS-CON F-2011-078|

E2_5_\\I‘I\II‘IIII|II\I|\IH|\I\I|\III| IIIIIIIIIII ]
14 - ATLAS Prelimina . . . . . .
" 4 Data 2010 i W yields in different centrality bins, relative to most
;I:lTotaI uncertainty _: central bin
1_5:_sz5ub'1 sw=276 Tev 1 Within uncertainties, no suppresion of W production

with centrality of collision.

CMS Phys. Lett. B715 (2012) 66

05 ] pp - PbPb
“t 1 =1000—}
i a EF - CMS L (PbPb) = 7.3 ub"
ol Lol Lo d] $900F- 1 \s =276 TeV .
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 = - . : L (pp) = 231 nb
peripheral central _centrality £ 800 do-toope  [s0-s0% 2030 [10-20% [0-10]%
700 |
RAA = NPbe/(TAAX Gpp ) 600 E_PPI W { } { } I
R, (W)= 1.04 £ 0.07 + 0.12P 500 §—§| 0-100]%
400 ;—§ ;
300E $ e 1 fi i
200F—¢ i . MB PbPb pp
| pi>25 GeVic o e OW
100 - I |<2.1 O = oW
ﬂ;l.'........|....|....|....|...#..*.F"?""...
0, 50 100 150 200 250 300 350
Npart N...
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W bosons yield ¥ ATLAS >

\ |ATLAS-CON F-2011-078|

© 2.5 T T T T i
: 'fgjggszg’{g“”"“aw W yields in different centrality bins, relative to most
;I:lTotaI uncertainty _: central bin
1_5:_sz5ub'1 sw=276 Tev 1 Within uncertainties, no suppresion of W production
f | with centrality of collision.
05 ; PP - PbPb
_ =1000—*
B = = - CMS L (PbPb) = 7.3 b
ob ol o] 900 | \s =276 TeV 1
0.20.304 0506070809 1 = : L (pp) =231 b
peripheral central .centrality £ 800 do-toope  [s0-s0% 2030 [10-20% [0-10]%
700 |
RAA = NPbe/(TAAX Gpp ) 600 f_F'Pi W 1 } { }
Raa (W) = 1.04 + 0.07 + 0.12P 500 0-1001% I
400 ;—§ ; W+
Ran (W) = 0.82 £ 0.07 + 0.09 1) 300 $ w- ke s "
200F 7 - . MB PbPb pp
R, (W)= 1.46  0.14 % 0.16 |_a 100f - s 9 8
AA — . " . - - <2.1 o m oy
‘ D?l.I...|....|....|....|....|...*5'...*..{H."""'...
0; 50 100 150 200 250 300 350
O Different u & d quark content in Pb nuclei and proton. Npart N

d When consider inclusively (W* + W) they scale with N_,
Begofia de la Cruz (CIEMAT) Jets & Vector Bosons in HI Collisions LHCP 2013 42



Vector boson + jets @ ATLAS

O There is an energy loss mechanism affecting coloured particles in hot dense
QCD medium, but the nature of this mechanism still unknown.

& & U Bring together both kind of probes : neutral coloured (Z, y) and jets

C CMS Experiment at LHC, CERN
3\ Data recorded: Fri Nov 18 03:32:48 2011 CEST
I p Run/Event: 181969 / 19790244
< \ Lumi section: 541
i A \ Orbit/Crossing: 141750167 / 2762
K] : I goodZMuPair 0,
mass = 90.69
pt = 68.96
eta=-0477
phi =1.280
Muon 0,
pt=75.07
Muon 1, eta = -0.252
pt = 38.65 phi=0.744
eta =-0.380
phi = 2.736

icPu5CaloJetsL2L3 0,
et = 54.00

eta =-0.557

phi = -1.858

Z-optu + jets

Begoina de la Cruz (CIEMAT)
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s, /|
ATLAS é

O There is an energy loss mechanism affecting coloured particles in hot dense
' QCD medium, but the nature of this mechanism still unknown.

-
B
.»' ]

90 . 1 Bring together both kind of probes : neutral coloured (Z, y) and jets

s LHCP 2013 44



ATLAS-CONF-2012-119 z + jets @ n.l-l.ns

From Z —ee/uu candidate sample of 2011 PbPb data, select those with

d p;(2) >60 GeV/c, p;(jet) > 25 GeV/c, d(Z) - ¢(jet) > /2 =» 36 Z + jets evts

|- T o IR e B LS B L IR T T
2 HQ_ N ATLAS Preliminary : e | ATLAS Preliminary 1
|8 31— Pb+Pb \s,,=2.76 TeV,L, =0.15nb H .‘Qo_,_ 3 Pb+Pb \s,,=2.76 TeV,L_=0.15nb
© S [ Anti-k Jet R=0.3, p‘f‘>25, pZ>60 GeV, pf‘/p§>25/eo o 5 Anti-k Jet R=0.3, pi:1>25,p$>60 GeV, pif‘;pT%zs;eo
X B [ PYTHIA: Mean=0.82+0.01 X [ PYTHIA: Mean=0.82+0.01
1—|Z'\l B ® Pb+Pb: Mean=0.76+0.06+0.06 1—|ZN ® Pb+Pb: Mean=0.62+0.04+0.04

20-80% Centrality 0-20% Centrality

2

)

! Periphera - f | Central
0.2 + 1% Q:D.Z'
° 2 25 W 0 2 2.5 4o
I > - T— 00.5 1 1I5 Y S S—

P
1.5 2 2.5 3 3

. 2 2.5
pl/pA2Z) PP pr /[ pe(Z) P

2

N
T R R B AT B | 111 | -
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ATLAS-CONF-2012-119

Z + jets

¥ arias

From Z —ee/uu candidate sample of 2011 PbPb data, select those with

4 p;(2) >60 GeV/c, p; (jet) > 25 GeV/c, ¢(2)

—_ T T T T T T

0.8

S e Y

0.6}

0.7t

- d(jet) > /2 = 36 Z +jets evts

)

711 r\\]q.'_ - ATLAS Prellmlnary : “j:_’ Ng.l_ i ATLAS Preliminary :
|53l Pb+Pb |s,=2.76 TeV,L_=0.16nb" | N|E -3 Pb+Pb |s=2.76 TeV,L_=0.15nb" _|
© S [ Anti-k | Jet R=0.3, p - pi>60 GeV p /p >25/60 | © .% Anti-k | Jet R=0.3, p .25, pz>60 GeV p fp%.es/eo 7]
X B = PYTHIA: Mean=0.82+0.01 I X [ PYTHIA: Mean=0.82+0.01 |
1_|Z’\l - ® Pb+Pb: Mean=0.76+0.0610.06 ] “lzN ® Pb:Pb: Mean=0.62+0.04+0.04 ]
20-80% Centrality | 5 0-20% Centrality N
4Periphera . - | Central [If -
Lt 4 *
ho L e ]
o 2‘.\25...I... 0 \..‘ .‘.I‘.‘.
J et J &
FTrr[rrrrprrrrrrds pT/pT(Z)p]/p N ::|||||||||||||||||:pT/pT(Z)th'/p
2 z 12y E3
C — PYTHIA . . ~ T — PYTHIA T . .
E e Daa Suppressionofjetp; & I | e Daa T Reduction of yield of
. + ] .
2 RSN versus Z ppin PbPb N tof | ® P RemE 17406t events referred to
i collisions compared b Tnumber Z (with p;>60
r to Pythia pp 0.8% 1 GeV/c)
F simulation. i1 +
3 06k _f_NucIear modification
— Anti-k, Jet R=0.3 m Jet quenChlng — Anti-k, Jet R=0.3 | | -f:-factor <1
::Illllllllllllllll_ ::Illllllllllllllll::
100 200 300 100 200 300
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Boson (Z, y) + ]ets

0.7%

0.6f

/ |ATLAS-CONF-2012-119

Nuclear
modification
factor< 1

@ AILAS

PbPb Data
PYTHIA + HYDJET
pp Data Vs = 2.76 TeV

FYTHIA

Jet quenching

CMS Phys. Lett. B718 (2013) 773

Begoina de la Cruz (CIEN.. ..,

105 {5] 's =276 TeV &
— PYTHIA A ?E VEnn : .
® Data 1.— q}'_J-,- -4 ©
@ Data (All Centrality) E IL dt = 150 “b-1 ] -
095 . -
I 2 'Y + jetS 3 O
T A 0.9 =
Z + jets 570.55 -3 O o) o O E
f 0.8F L4 —
¥ orsEl ¢ ‘ =
£ 0.7F " s
L Anti-k, Jet R=0.3 D.EE EME —f
:|||||||||||||||||_ DE—I |||||||.|||.|:
100 200 300 0 1 DD 200 300 400
<Npar1> part
: T 17T | T T T I T TT | T TT ::
I T C'Mis_ ZN1.2_— -
[ (b) 7 E . 2 pZ > 60 GeV
0.8 _—ﬂ,q} = T ] 3 - p¥ s 25 GeV
w8 N 1.0f ; -
: M p*/pZ>25/60 +
0l Y + jets E z r /Py £
F [ ] g g;
o o7fFl 8 5 5 o 0.8F . +
o . 3 Z+jets I
0.6F -
¢ " E 0.6F T
0sp * C Anti-k, Jet R=0.2 +
: Ly s a4 g 1 4 M T T T T B S S N B :I 11 | 1111 | 111 | 11 |':.
0 100 200 300 A0 100 200 300
parl Hi <Npar1>

Lrcvr LUJ.3
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Outlook @ ATLAS

2 T | T | T | T | T | I'ﬂ"ﬂﬂ:] ll| J;G!w- Illl2 T T | T | T | T | T I T | T T I T T
— —a— - P> evie |y - -
1.8 T, uncerainty (0-5%) = W (0-100%) @ = 25 GeVic hi'l<z.d —— CMS PRELIMINARY —
’ E--— —®— salated photon (010%)  hi<t44 | PbPb\[s,,, = 2.76 TeV N
- + A -
L dt=T7-150ub
1.4 { —+ .[ g -
1.2 I =8 gigjet (0-5%) [nl<2 1
< B + T L bejet (0-100%)  nj<2 T
1_______.._ . o - . |
o .
0.8 + — -
0.6 * by ’ _
- . L .
e g,
5-4. ++ * » L] + 5@ Charged particles (0-5%) o<1 e . . ]
0 2'- - B |, quarks (0-100%) <24 i
' rh {wia secondary Jiy) a _
o= Lo Lo AN Y T N M N B [ o by Lo o b | I

10 20 30 40 5{] 60 70 80 90 ‘I[]D 120 140 16[] 180 200 220 24[} 260 280 300
p,(m.J (GeV) p, (GeV)

Picture of modified & unmodified particles

O The confirmation of unmodified probes (isolated photons, Zand W bosons).
validate and confirm some of the tools used (Ncoll)

O An interesting picture is emerging, with detailed results on jet quenching, jet
fragmentation, inclusive jet production, jet flavour dependence... in PbPb and
already starting to appear in pPb = input for models
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Outlook @ ATLAS

2 T | T | T | T |_'._|z'1ﬂ1|uw:] ll| J;G!w- Illl2 T T | T | T | T | T I T | T T I T T
- - P* eVie  |yl= - -
‘1.8— - T, uncerlainty (0-5%) —@— W (0-100%) p:,“ GeVic |11J|':2-1 i CMS PREL'M'N&R‘\' |
1 E-— —@— Isolated photan [0-10%)  hi<144 | PbPbys,, = 2.76 TeV N
o8 T ) . 1
14k T JLdt-T-15I)ph N
1.2 - e gigijet (0-5%) <2 —
R R + i o wm | EEEMEOINW k2 ]
o ==
0.8 + — —
0.6- by ’ _
[ . L .o
8 ]
[]4. + — @ Charged particles (0-5%) Inj<1 s . * ]
- o B bquarks (0-100%) <24 i
EI '2 rh. {wia secondary Jiy) | |
o= Lo o b b e e o b b e o b e
10 20 30 40 50 60 70 80 90 100120 140 160 180 200 220 240 260 280 300
p,(m,) (GeV) P, (GeV)

Picture of modified & unmodified particles

Thank Youl!
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