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the observable consequences of the effect of the hot and dense
QCD medium created in heavy ion collisions on energetic partons
[and their showers] that traverse [develop in] the such medium

measurements of jet quenching have a dual role

identification of the microscopic dynamical ingredients responsible for the
phenomenon

once dynamics under theoretical control, promote jet quenching to detailed
probe of medium properties

two classes of jet quenching measurements
without jets
leading high-p: hadron spectra, ‘jet-like’ di-hadon correlations, ...
fully reconstructed jets

jet suppression, di-jet asymmetry, jet shapes, ...



jet quenching without jets

suppression of high-p; single hadronic spectra
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jet quenching without jets

suppression of high-p; single hadronic spectra
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suppression of high-p; single hadronic spectra

clear evidence of partonic energy
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jet quenching without jets

suppression of high-p: single hadronic spectra Raa(pr) = umﬁ)fi ;,/lflpnde
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jet quenching without jets

suppression of high-p; single hadronic spectra

clear evidence of partonic energy
loss, but
no information on fate of lost
energy
rather loose constraints on
dynamical origin
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jet quenching without jets

suppression of high-p; single hadronic spectra

clear evidence of partonic energy
loss, but
no information on fate of lost
energy
rather loose constraints on
dynamical origin
significant surface bias [better
for correlated measurements]
non-trivially entangled with
[non-perturbative]
hadronization dynamics

evt

(1/Ngy) d2N,

ch /dndpr

Raa(pr) =

<Ncoll> (1/N£/€) dZthf)/dnde

2.5
Central Po-Pb, y = 0, Vs, = 2.76 TeV (preliminary)
Charged pions [ALICE)
- Charged hadrons [ALICE]
5 Charged hadrons [CMS]
o av— DO+ mesons [ALICE]
= % B-hadrons — J/yp X [CMS]
2 - —o— Isolated photons [CMS)]
& —g— Z boson (my) [CMS] % %
a
@ 10t -----—-—-—cmmmm e RS
X
: f
0.5 - . +
- o -l-p ‘ T‘* + + )
\. —’5— Wv
0 T R ER R ] L Er R R
1 20 30 100
Pr (GeV)

d’Enterria (2011)



jet quenching without jets
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di-jet asymmetry
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di-jet asymmetry
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di-jet asymmetry
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di-jet asymmetry
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C. Salgado, Y. Mehtar-Tani and K. Tywoniuk + J. Casalderrey-Solana, E.lancu [modification of coherence properties of showers in the medium]
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di-jet asymmetry
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high p: measurements in pA [d-Au, p-Pb]

benchmarking for AA measurements

iet quenching is a final state effect [no effect in dAu]
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high p: measurements in pA [d-Au, p-Pb]

benchmarking for AA measurements

iet quenching is a final state effect [no effect in dAu]
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high p: measurements in pA [d-Au, p-Pb]

benchmarking for AA measurements

jet quenching is a final state effect [no effect in dAu]
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but, some ‘mysterious’ data...
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jet quenching in dAu [2] with no broadening [2]
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high p: measurements in pA [d-Au, p-Pb]

jet quenching in dAu [2] with no broadening [2]
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high p: measurements in pA [d-Au, p-Pb]

jet quenching in dAu [2] with no broadening [2]
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CNM parton energy loss ¢ [Wang et al + Vitev et al]
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jet quenching in dAu [2] with no broadening [2]
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jet quenching in dAu [2] with no broadening [2]
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just Ncoll gone wrong 2
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jet quenching in dAu [2] with no broadening [2]
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high pt measurements in pA [d-Au, p-Pb]

jet quenching in dAu [2] with no broadening [2]
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RHIC limitations on determination of jet energy scale [no hadron calorimetry] 2
just Ncoll gone wrong 2

What is the true baseline for hot matter effects?
pA@LHC will clarify the situation
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pt (GeV)
0.0001 0.001 0.01 0.1 1 10 20 30 40 50 60 70 80 90 , . . . .
g T T 10 qUCI|I1'Cﬂ'IV6 different behaviour
EPS09 LO " . P
—~ - PP 0
L3 i 10° o than that at RHIC
g 1.2 (05
S 1.1 o
T g
(@\|
>
2:0.9 C\I‘U
~ =
<:E) 0.8 %
: S~
0.7 @)
Q{t . —10‘U
0.6
1.3 1.
]_ . 2 — — — Nevents=1000 1 . 2
B _1.1[ - 1.1%JD
< 1 1 o:d
A 0.9 40.9
Dot lyl<0.35 7 Yo
0.7 T NS NI IS NI IS AT AT AT T e P AT FETTE FET =1 FNE NS FRETE FRTEE FEE T A 0.7

2 4 6 8 10 12 14 16 10 20 30 40 50 60 70 80 90
pt (GeV) pt (GeV)

P. Quiroga-Arias, JGM, U. Wiedemann & Sassot, Zurita, Stratmann




high p: hadrons

pt (GeV)

0.0001 0.001 0.01 0.1 1 10 20 30 40 50 60 70 80 90
L L

qualitative different behaviour

1.4 |
. EPS09 LO —
o 1.3 il than that at RHIC
8 1.2 (ﬂD)
S . . .
= £ shadowing-antishadowing
” 1 ~ [ ] [ ] [ ] [ ] [ ]
Do ) transition at mid-rapidity
X ~
<:E) :0.8 EQ
0.7 o)
= 0.6 - 107
1.3
1.2
B 1.1} B
2 5
o MQ
A 0.9
0-8 " 035 ;
0.7 PETETE EETIT T ATUT ST TSN BN A A AT AU T ATE U TS R [T PR PN T FUEHY SR ET FEETE SRR FEETE AT 0.7
2 4 6 8 10 12 14 16 10 20 30 40 50 60 70 80 90
pt (GeV) pt (GeV)
P. Quiroga-Arias, JGM, U. Wiedemann & Sassot, Zurita, Stratmann
dO.pA—>h—l—X A do_pp—>h—l—X
p
RpA(pTay) N,



high p: hadrons

pt (GeV)
0.0001 0.001 0.01 0.1 1 10 20 30 40 50 60 70 80 90 . . . .
| T qualitative different behaviour
EPS09 LO —~
SREREY i than that at RHIC
65 1.2 | (05
% b r £ shadowing-antishadowing
1 ~ [ Y ) ) ) °
Do ) transition at mid-rapidity
Sl : 5 . . .
o7 | ! I shift in maximum of Rppy direct test
R IR of longitudinal [EPSO9] versus
1.3 RHIC o o
12 | ! transverse [CGC] modifications of
- 5 o pdfs [test collinear factorization
<1 . . ofe
=B o and factorizability of nuclear
0.8 1035 effecfs]
0.7 TS VST TS TR AT ATEEATE VST STATETTE AT

2 4 6 8 10 12 14 16 10 20 30 40 50 60 70 80 90
pr (GeV) pr (GeV)

P. Quiroga-Arias, JGM, U. Wiedemann & Sassot, Zurita, Stratmann

dO.pA—>h—l—X A do_pp—>h—l—X
RZA(pTv y) = 2 Non 2
dp7 dy dp7 dy



high p: hadrons

~100GeV?)

RuAu (x ,Q2

e e
e e

L] . L] L]
o O [l = N w o)} ~ (o 0] (\e] = = N w >

.
~

pt (GeV)

0.0001 0.001 0.01 0.1 1 10 20 30 40 50 60 70 80 90
L L L oy MDA LR R L L L B R B
- 1 +LHC pr +
EPS09 LO £ o
=i
— A
b
s

lyl<0.35
TS VST TS TR AT ATEEATE VST STATETTE AT

2 4 6

8

pt (GeV)

P. Quiroga-Arias, JGM, U. Wiedemann & Sassot, Zurita, Stratmann

16

10 20 30 40 50 60 70 80 90

pt (GeV)

[ [
o o
N

=
o

o

I
N

_2)

*dy (mb GeV

do/dpy

qualitative different behaviour
than that at RHIC

shadowing-antishadowing
transition at mid-rapidity

shift in maximum of Ry, direct test
of longitudinal [EPSO9] versus
transverse [CGC] modifications of
pdfs [test collinear factorization
and factorizability of nuclear
effects]

better than just Rpp, comparisons
[below and Albacete later]



high p: hadrons

. lqu T qualitative different behaviour
p COLLISIoNns \ S=0. e

than that at RHIC

-
N

—h

shadowing-antishadowing

g 0'8;_ transition at mid-rapidity
R 06
- shift in maximum of Ryp, direct test
041 e
' of longitudinal [EPSO9] versus
0.2 transverse [CGC] modifications of
Js pdfs [test collinear factorization
and factorizability of nuclear
effects]
better than just Rpp, comparisons
[below and Albacete later]
dO.pA—>h—i—X pA do_pp—>h—i—X
RPA(pT7 y) — dp{2r dy /Ncoll dp% dy



high p: hadrons

"”'”'“'4“'”'”'”?'”'”'“'”'”'” """ IR T I T I T T Ty T
= : =_2
1af Y : {L Y
Neventszla_oo
1.2 iNeventszlo 1F
+AS WAS
1 ,_
0.8 - EMC alls
0.6 1F
L aaa e ARRAR HH:H:h:HIH:ﬂﬁ:ﬂ:u:hu:h:u}u:ﬂu
1.4 Y : {L Y .
1.2 | HF
AS AS
1 O LTS L LR LRI COE -----“--"--_

10 20 30 40 50 60 70 80 90

pr (GeV)

further factorization tests from rapidity scan

10 20 30 40 50 60 70 80 90

pr (GeV)

qualitative different behaviour
than that at RHIC

shadowing-antishadowing
transition at mid-rapidity

shift in maximum of Ry, direct test
of longitudinal [EPSO9] versus
transverse [CGC] modifications of
pdfs [test collinear factorization
and factorizability of nuclear
effects]

better than just Rpp, comparisons
[below and Albacete later]



pPA@LHC



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

10



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

lower luminosity/run time could compromise many measurements

10



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

lower luminosity/run time could compromise many measurements

benchmark AA jet measurements [Cold Matter Energy Loss 2]

10



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

lower luminosity/run time could compromise many measurements
benchmark AA jet measurements [Cold Matter Energy Loss 2]

pA essential for unambiguous AA measurements

10



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

lower luminosity/run time could compromise many measurements
benchmark AA jet measurements [Cold Matter Energy Loss 2]

pA essential for unambiguous AA measurements

test collinear factorization and factorizability of nuclear effects into nPDFs

qualitative displacement of maxima at perturbative scales

10



PA@LHC

for assumed luminosity [10%° ¢cm™ s'], run time [10% s] and collision energy [4.4
TeV] access to abundant samples of high p: hadrons and reconstructed jets

lower luminosity/run time could compromise many measurements
benchmark AA jet measurements [Cold Matter Energy Loss 2]

pA essential for unambiguous AA measurements
test collinear factorization and factorizability of nuclear effects into nPDFs

qualitative displacement of maxima at perturbative scales

better with pPb+Pbp
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