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The LHC collides ions at
new record energy

OnePb+Pb collision at v5 TeV
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> Time Line of Heavy-lon Collisions | .
Particle production:
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> Parton Energy Loss: A Clear Picture?

g photon probe
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n° as proxy for hard scattered partons strongly suppressed
Colorneutral probes unaffected - Strong final state effect
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> Direct Photons: A Closer Look

e At high pt
e Controlforhard scattering rate
® pr> 4 GeV unaffected from the medium

e At low pt

e More than expected from p+p
e Exponential behavior (thermal source?)

Effective slopes:
RHIC: T=220MeV (2.6-1012K)
LHC: T =300 MeV (3.5-10'2K)

Indication of thermal radiation at LHC.

Average slope/effective temperature ~ 40%
higher than at RHIC.

10°
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0-40% Pb+Pb Vs, = 2760 GeV

@ direct y (ALICE prelim.) [CKBOS]
—— fit (Hagedorn + exponential: T = 304 + 51 MeV)

J - scaled NLO pQCD % rrTTT T T T T T T T
. = 11 ?-40;':/0 directy)
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0-20% Au+Au Vs,,, = 200 Ge\?\“l*

107 B directy - 10" (PHENIX) [Ada10a] ‘.~\
B directy - 10" (PHENIX) [KB05] e~
=== scaled pp
— = fit (scaled pp + exponential: T = 221 + 27 MeV)
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0 5 10
PHENIX: PRL 104:132301, 2010
ALICE: PhD M. Wilde (2015) pT (GeV/C)
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> How certain are we of direct photons in pp?

!HEP PUBLISHED FOR SISSA BY 4) SPRINGER

RECEIVED: July 29, 2013
How robust is a thermal photon interpretation of the

ALICE low-pr data?
pr PbPb — v X at \s, = 2.76 TeV with |y| < 0.75

E T T | T T T | T T T | T T T | T T T | T T T | T T T E

i nPDF: CTEQ61x EPS09, FF: BFG setll ]

M. Klasen,® C. Klein-Bosing,” F. Kénig® and J.P. Wessels® 1 '§_ Scaled with <TA;<> 13 mb _§'

o~ 10 - t  ALICE 0-40% central ]

% E — Yprompt = Ydirect + yfragm E

g "10_2 ;_ Yfragm _;

> % E Ydirect E

B|la” i L using BFG set | 3

3107 Aexp(-p_/T) with T = 304 + 58 MeV 3

- - ]

~ 10°E E

NLO spectra down to 1.5 GeV, 105 .

Including nuclear PDF, fragmentation - 3

L] L] o - 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 i 1 | i i 1
contribution poorly constrained 10° 2 4 6 8 10 12 14
PhD M. Wilde, F. Kénig Py (GeV)
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> Electrons as Proxv for Heavv Quarks

!HEP PUBLISHED FOR SISSA BY €) SPRINGER

RECEIVED: May 15, 2014

NLO Monte Carlo predictions for heavy-quark

production at the LHC: pp collisions in ALICE )
pp = c+X > e+Xat \s=7TeV

:I‘\‘I T | LI | LI | L | L | LI | L | L | T I:
M. Klasen,® C. Klein-Bosing,”< K. Kovarik,® G. Kramer,? M. Topp® and J.P. Wessels® - .
'§_ - ALICE _§'
< - ~—— POWHEG ]
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;1; 10 = =
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2 107 E E
g f :
= 10 L
10-7 E 11 | | I I | I I | I | I | I I | I | I I | I I | I | I I | | 1
1 2 3 4 5 6 7 8
First heavy flavor electrons from PhD M. Heide (2014) Pr (G2
NLO calculation + shower Monte Carlo Phys. Lett., B721:13-23, 2013.
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> More Differential with Jets and Correlations

7 2
5
E
s
2
E . .
Z 081 Combinatoric: Jet-Other Jet
: Jet-Thermal Thermal-Thermal
0.6} Jet-Same Jet | :
0.4} i
™~ Jet-Dijet
i
1 Resonances
0 1 i 1 ! HY - —
-1 0 1 2 3 4
Pair Opening Angle A¢ (radians)
Reconstruct jets .... Correlate particles with a ,,trigger®.
....and decompose them again Hadron —> Light flavor
(“Jet Fragmentation Function”) Electron - Heavy flavor
Photon —> Light quark
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» Sensitivity of Correlations

Full showerevolution: pp/pPb-reference >  understand NLO effects
PbPb -  medium modified fragmentation
Initial state: multiple parton interactions (Fedkevych)
Photon-hadron (Poppenborg) Electron-hadron (Herrmann)
At LO fixed recoil jet momentum - Surprising long range correlations in pPb
NLO vs. isolated - Role of NLO (gluon splitting, flavor excitation

Constrain photon fragmentation

pPb, |35, =502 TeV

(0-20%) - (60-100%), Multiplicity Classes from VOA

(e from c.b)-h correlation \\\\
10<p’ <20GeVic S~

05<p) < 20GeVic ‘\\\\\ a LIC E

T PRELIMINARY
~

(1/N)) (N, / dandag) (rad™)

Event-by-event Monte-Carlo simulations will be indispensable tool:
POWHEG: NLO in pp PYTHIA: MPI  JEWEL (Zapp): Medium modified parton shower
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> TRD — Principle of Operation
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> Transition Radiation
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> Electrons and Pions

p=1.0 GeV/c - fibres-17um, X=0.3 g/cm?

N 90 LT 1T T | T T | T 17 | T 1T | 1T 177 | 17 1T T
= - +4n —— T T T T T T T T T T T T T —
é 80 [ electron —|5 6 ALICEp-Pb s, =5.02TeV ¢ all tracks ]
- 131078 - 1921 Gevic o with TOF PID
A >
E 70 — - 5 o with TOF and TRD PID (LQ2D) 1
Y - . 3
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40 e
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> AG Wessels and last TRD Module

plus YOU?
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13.7 Billion Years Ago:
The Quark-Gluon Plasma

10"% =

Quarks and gluons are
not confined into hadrons

1072 but can move freely

HADRONIZATION

€ kel ey (8

10° OO0 O O

ACCELERATORS

0.1 MICROSECOND 1 MICROSECOND 10 MICROSECONDS

TEMPERATURE (DEGREES KELVIN)
o

20 trillion °C 6 trillion °C Quarks are bound ATOMS FORMED ‘v::“'.: i .

into protons
and neutrons \
1 [— 2 trillion °C /
-~ e

SPS (CERN)

NOW )
— Recreated in the laboratory
' : ' ' : ' ' by collidingheavy ions
10° 10® 10° 1 10° 108 10° 102 10" 10" y A Pbg v
TIME AFTER BIG BANG (SECONDS) (e.g. Au, Pb)
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> Hard Probes / Parton Scattering

e |ndividual partons resolved at high Q2
e t~1/Q«1fm/c(early stage and rare)

e Partons fragment into “jets” of observable hadrons
e Strong back-to-back correlation
e Main source of particle production at high p;

¢ |n A+A: partonsinteract with QCD medium
(“jet tomography”), leading parton “loses” energy:*

Scattered parton properties (including medium effects)
reflected in high pr particles/jets.

¥ GRK 2149

p+p (vacuum)

gzl
*E.g. Baier et. al NPB 484: 265 (1997)
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> Hadrons, Jets, and b-Jets out to 500 GeV: Surprisingly Boring....

ALICE EPJ C74 3054 (2014) CMS QM 2014 arxiv:1410.2576
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o - - - -
o = ¥, Pb-Pb (ALICE) @ h*, p-Pb |, =5.02 TeV, NSD (ALICE) L - 4k
’ ' ' 1 Pb-Pb Vs, = 2.76 TeV ive j 50 . )
S I v S S w inclusive jet R, (0-5%) i<2 1 EMoroumncsyone [ et R, 0-10%), hi<2
<
a

\ Sy =276 TeV, 0-5% & W=, Pb-Pb | sy = 2.76 TeV, 0-10% (CMS) ] B oeb Reterence unc. E|
C it QPYTHIA
b-jet RpA ) 2.4<nCM<1 6

2 1 L pPovs,=502Tev —8— Inclusivejet R I 1<0.5
v ZOY Pb-Pb VS = 2.76 TeV, 0-10% (CMS) pA CM

CMS Preliminary

CMS Preliminary

|I|III|I
llllllllllllll

&
-
s e =1
=t
o

|

|

|

|

|
EE]

l
.
:
IIIIIi
|

|

|

|

|

|
t
1

|

|

|

|

|

|

|

|
lIllI:

) I T I 11 1 1

PEPEFEN EPRTRar | llllIIIIIlllIIIllIlIIlllIlllllIllllIIll lll|l|llllllll|llll

80 100 50 100 150 200 250 300 350 100 200 300 400
p; (GeV/c) or mass (GeV/c?) p, (GeV/c) b-jet p, (GeV/c)

No modification in pPb (cold nuclear matter) and for all color neutral probes in PbPb
Similar, limiting suppression for hadrons, light flavor and heavy quark jets.
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