Recent Experimental Results

on Jet Quenching

Yen-Jie Lee
Massachusetts Institute of Technology

Probing Quark-Gluon Matter with Jets
23-27 July 2018, BNL, USA



» Parton Flavor Dependence of Jet Quenching

Azimuthal Angle Broadening due to QGP

Medium Response

Parton Shower Shape Dependence of Jet Quenching
Jet Quenching in Small System and Peripheral Collisions

Photons / Z

In medium parton energy loss
- “Jet quenching’

(Bjorken, 1982)

[
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Heavy Flavor vs. Light Flavor

Do we have evidence that heavy quarks lose smaller amount of
energy? How about Quarkonia?

[
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Flavor Dependence of Parton Energy Loss
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Raa IS meson flavor dependent at low hadron p+

Disappearance of the effect at high hadron p;

Results are consistent with the expectation from models with parton flavor
dependent energy loss
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Open vs. Hidden Charm

PbPb 368 ub™', pp 28.0 pb™' (5.02 TeV)
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« Similar suppression between open and hidden charm at high p-
Ry, D% ~R,,Prompt J/y ~ R,,b—J/y ~ R,, Charged particles
« Why? Is the parton energy loss the dominant effect here?
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(Non)Prompt J/yp Fragmentation Function

 PYTHIA8 doesn’t describe prompt J/p production

b—J/y
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 Prompt J/y FF data: similar to b—J/yp from fragmentation process
* |s this process important at low p;?
« Connection to the interpretation of prompt J/y suppression?

Yen-Jie Lee
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Quark vs. Gluon

— -,

t---F--1

Do gluons lose more energy than the quarks?

If yes: Gluon jet to quark jet ratio will decrease (Gluon jets are more suppressed)
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« Larger |y| : steeper p; spectra slope and higher quark fraction
* Flat R,, vs rapidity: less jet suppression at larger |y|,
l.e., quarks lose less energy than gluons.
Mir
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Charged Jet pD (D|sperS|on) and Jet Girth
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« Charged jets in PbPb are more Quark- like! (Gluon jets suppressed)
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Jet Longitudinal Structure

ATLAS-CONF-2017-005

Rpep = PbPb / pp
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* Fragmentation functions Ratio Ry, between PbPb and pp collisions at 5 TeV
« Enhancement at large z (high p; particles in jet): smaller gluon/quark ratio in PbPb

« Weak or no dependence on the jet p;

Yen-Jie Lee

See discussions in Frank Ma, thesis (2013)

arXiv:1504.05169 Martin Spousta, Brian Cole
— If switch to y-tagged jet (mainly quarks), will this enhancement go away?
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Photon-Tagged Fragmentation Function

From Kaya Tatar (MIT)
pp, Vs = 5.02 TeV
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Decrease the population of gluon jets:
>70% of the tagged jets are quark jets

jet
Observation of modified jet fragmentation g

function in PbPb with respect to

[Sny = 5.02 TeV pp 27.4 pb,

PbPb 404 ub™
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* No significant high z (or small ¢=In(1/z) ) enhancement observed
 CMS only measured down to £¢>=0.5 (or z <= 0.7)
* |t would be good to have high p; associated jet version of this analysis

Yen-Jie Lee

Recent Experimental Results on Jet Quenching

n Ufif




Photon-Tagged Fragmentation Function

ratio of D(z)

1 6_— T ™ [yl-;cégged jets 5 (52| TeV
i % inclusive jets 2.76{TeV |
1.4} AN0 -
: (30-40%) §§7 »

| 2
1 2__ s
1I_—

i N
0.8 ‘_
~ ATLAS Preliminary ]
0.61 30-80% Pb+Pb / pp ]
1072 10-1 1
Z

ATLAS: Select on jet p; >

ratio of D(z)

Y52 Photon p;

photon pr: 79.6-125 GeV
jet pr: 63.1- 144 GeV

N N
B~ (®))

N
N

0.8

0.6

T I T T T | T T T

T T T T T 7T

y-tagged jets 5 02 TeV |

N ]
\ % inclusive jets 2.76 TeV |

T T T7TTT

< (0-10%) 1 -

ATLAS Preliminary
O 30% Pb+Pb/ pp |

| I - Il 1

—
<

N

1 o-1 1

Strong modification of photon-tagged jet FF in both centrality intervals.
Larger modification in the central collisions than that in inclusive jets

Corrected for jet resolution smearing

Hint of enhancement in PbPb/pp ratio at the high z region?

Yen-Jie Lee
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Inclusive Jet Shape

Photon -tagged Jet shape PbPb /pp
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Flavor Dependence of Parton Energy Loss

* Heavy quarks lose less energy than the light flavor:
 Established in LHC data though model comparisons

* Quark vs. gluon energy loss:

 Collected hints from various jet substructure observables,
ATLAS jet and charged particle R,, measurements vs. n

» Indication of Gluon E_., > Quark E; .,

« Quarkonia production and suppression similar to open charm:
* Eloss + Fragmentation process

[
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Photon-Jet and h-Jet Azimuthal Angle
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Search for Quasi-Particles in the QGP

“QGP Rutherford experiment”

'100<p“T’< 150 GeV
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The Quark Soup probed is very smooth! ATLAS-CONF-2016-110
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Hadron-Jet Angular Correlation
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X-Jet and Dijet Azimuthal Angle Correlation

* No significant modification so far with
full / charged jets

* Need next level of accuracy and ..
resolution unfolding at AQ~1r =

region and go to lower p; at LHC

* More promising at RHIC energy
where the correlations are less
affected by initial state radlatlon

On the other hand, we do
see broadening in
jet-hadron correlation

at the LHC

Yen-Jie Lee
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Jet Quenching

Do we see medium response?

[
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Jet Transverse Structure
Jet shapes in pp and PbPb at 5.02 TeV
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« Jet shapes and fragmentation functions in pp and PbPb collisions at 5 TeV
« Sensitive to the possible medium response to hard probes and induced radiation
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p(r)PhPh/p(r)pp

JEWEL+PYTHIA (0 — 10%), Pb+Pb /s = 2.76 TeV
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Different explanation of the large angle
enhancement in jet shape measurement

« SCETg: Splitting function (large angle radiation)
« JEWEL & JETSCAPE: medium recoil parton

. recoll parton + hydro dynamical evolution
« HYBRID: fully thermalized medium response
medium response + shower
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Theoretical Interpretatlon of the Excess
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Different explanation of the large angle £
enhancement in jet shape measurement
- SCET: Splitting function (large angle radiation) _ R
« JEWEL & JETSCAPE: medium recoil parton  [Popo @ 2.767ev (0-20%) |
: recoil parton + hydro dynamical evolution | e e P
« HYBRID: fully thermalized medium response 1
medium response + shower
How do we make more progress? " aa B -

Ar
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(1) Look into the Excess

(e 24 pb™ (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)
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Jing Wang (MIT)

» One possibility is to look at the particle composition which carry the
large angle radiation: can ALICE do the measurement?

« An attempt to check the mass dependence with Jet-D correlation

[
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(2) To Measure the Depletion

COLBT-HYDRO MINUS BACKGROUND
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Tan Luo, Xin-Nian Wang
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(3) Focus on the Hardest Substructure

;g
= E
e

Does the magnitude of quenching depend on the structure of parton shower?
One could remove the soft radiation (isolate the hard jet core)

N
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arXiv 1803.00042

- 0-10%
k. trk

| P> 07CeY antik, R=0.4
- p*>2GeV pri>120 GeV

|- p‘T"‘ >4 GeV

ATLAS-CONF-2018-010

Charged Hadron Based Method

’:' 2 5 T T T T | T T' T 'I W T T T T | T T T T | T T
o <VLATLAS Preliminary
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Depletion of high p-

tracks at large Ar

Enhancement of
low p; tracks at large Ar

Yen-Jie Lee

Ar = \/An? + A¢?

Recent Experimental Results on Jet Quenching

QGP

26



Z., VS. AR Phase Space

- 0.7 s
, pT,Z _r% Cartoon
g = n o 0.6 _ Medium
Pr,1 T Pr,2 £ Vascull;trt';;"ke Induced
ND.5 plitting Radiation

Medium cascade

Soft Radiation

Broadening

m recoil / response

% 0.05~041.0.15 02 025 03 085 04045 05
AR

|deal world, different phase space correspond to different physics

[
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Z., VS. AR Phase Space

- 0.7 prrrer S = ST
[e
7 PT,2 <
g ED.E
Pr1 t P12 =
ND.5

* The reality may be much more complicated than that
« The excitement: One could construct different observables which are sensitive to
different part of the phase space and provide stress test on models

N
Yen-Jie Lee Recent Experimental Results on Jet Quenching 28 I I I I I



“Ungroomed” jet mass

ATLAS-CONF-2018-014

E r80<pT_d1j;<1UOGe\:’fc | I100<pT1d:H;:12IOGIerIc | of ATLAS Preliminary 3
fE 0.2 @® 0-10%Pb-Pb {.s,:q=2.?6TeV JEWEL + PYTHIA 0-10% Pb-Pb - E_ Pb+Pb 0'100/0 _E
- e ema e Recoil on {1'55 126 <p_< 158 GeV :
o s - - - - - - - - o -
0.5 ;_. e & o o o ° _;
» _ ]
20 “20 0 005 01 015 02
M, et (GEV/C?) My, i (GeV/c?) m/p_
0.25 _
N e « No modification of the distribution
. " IRTICE Dot 104 o is observed in ALICE and
ER: . data with respect to pp reference
§ 0.1:- TI 100 < Pp. e jer %,|12() CeV
« Cancelling effects from medium
modifications of the shower and

ﬂfr:fﬁ. jet (GCJ‘;")

medium response

N
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Groomed Jet Substructure with Soft Drop
 CMS: used two grooming settings with AR>0.1 cut

min(p1, ps) (AR)ﬁ
> Zcut
P1 + P2

Grooming subjet

%0.?_ ....................... RARAN ARARN AARRN RARY 5 0.7 prrrrprrr e BARARREAZS aAsasssay
% B i E ; ;

B 0.6/~ -1 Qosf =

< | ) 1 £ F .

W77 “Flat Grooming” 1 ‘s “JetCore” . /... B

0l —(0.1,0.0) - 043_ —(0.1,0.0) E

— (0.5, 1.5) z — (0.5, 1.5) -

0.3 - 0.3 -

Soft Drop: B §
JHEP 1405 (2014) 146 0.2 0.2~ .
0.1F ; . 0.1F .

Phasedlagram 0_ |||||||||||||||||||||||||||||||||||i|||||||||- 0: lI|Il|IIII|IIII|IIII|IIIIIIIII|||||i|||||||||:
_ 0 005 0.1 015 0.2 025 03 035 04 045 05 0 005 0.1 015 0.2 0.25 0.3 0.35 04 045 05

from Yi Chen (CERN) AR

AR
I H N
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Groomed Jet Mass

“ulh M B Recoil off

———Racoilion

Haltons/lose energyiiar .
— bulk moves to
smaller mass

L)
o
D
al
compared to
ungroomed jet Pt g

If there is large amount
of broadening, mass will
iIncrease and ratio drops

The rise in large
mass tail is due to
the recoil particles
scattered at larger

angles

Mg / PT, jet
From Yi Chen (CERN)
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Groomed Jet Mass

(z.,,B) =(0.1,0.0) AR>0.1 (z.,,B) =(0.5,1.5) AR>0.1
i N “Flat Grooming” “Jet Core” :
0 "n"a‘;‘(w;z“a‘s'xl """""""""""""""" JZ:'U-::“:L‘:‘:‘:-a‘ag“u‘;--.s-,-;'e.s
PbPb 404 ub (5.02 TeV), pp 27.4 ub' (5.02 TeV) PbPb 404 ub'(5.02 TeV), pp 27.4 ub'(5.02 TeV) ~
18:— CMS anti-k; R =0.4, |”iet| <1.3 _Z gf— CMS am’n-kT R =04, I-njetl <13 —f
- Soft Drop Z .= 0.1,p=0.0 7 - Soft Drop Z.= 05 p=15 A
16 ARy, >0.1 8 ARy, >0.1
14:_ Centrality: 0-10% _: 73_ Centrality: 0-10% A
a f 140 <p. <160 GeV ] a r 140<p_. <160 GeV ]
o 12-_ T,jet b o) 6—_ T,jet B
olo [ =5 Data 1 oo [ HB- Data PR
&S 10— Jewel (Recoil off) {4 %5 5L —— Jewel (Recoil off) S
A Jewel (Recoil on) i1 o e Jewel (Recoil on) -
UE) 8 e QPythia i c% ] S QPythia E
6F F— 3k S
oL o _ = S T v ]
N : = Rl = _: 13 = ]
C o S - e u ]
(g U e e e 0_ N TSR TN R TSN S SO NS SO NN SN S ST NN SN TR ST NN SO M AN S
0 0.1M / 0.2 0 01 / 0.2
g pT,jet 9 pT,iet

CMS-HIN-16-024

« Enhancement of large mass when looking
at a less aggressive grooming setting

» Results with a “more aggressive grooming”
« Smaller or no significant modification
of the “jet core”

Yen-Jie Lee 32
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Momentum Sharing of Subjets

\HSNN =5.02 TeV, | arXiv:1708.09429

One hard subjet Two hard subjets T 1]

10__ MG Centrahty 0'100/0 ~

6 : ok i - Pb Pb :

i Wi i

-1 000 pp smeared ]

Ol 6 ] -

—=> - M 1

< aF iy =

ol Sl -

ST, i it

18:_I 1 oo |_;

3 anti-k; R = 0.4, Injet| <1.3 3

1_42— 160 < pT,jet <180 GeV -;

Zy = Pr,2 g1 e 3

pra1t Pr.2 - I

O (0.8F o -

o= : ® o O -

» Quark and gluon Z distributions are very similar in pp 2'6;' E

; T 13 . ” A =

« Jets with two hard sub.Jets (!arge Zg) relatively ook (ZouB) = (0.1,0.0) 3

more suppressed than jets with a single core (smallZ2,) ~¢ . . °

: 04 02 03 04 05

(Or small Z, is enhanced) Z,
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Momentum Sharing of Subjets

arXiv:1708.09429

- | |"'I""|""|—-IIIII/IIIIIIIIIIIIIIIIIII:
1.6 CMS Centrality: 0-10% i -
- .. 140<p  <160GeV I ;
1.4F . T jet 1 4 250 <p. <300 GeV I
- - : T,et o
o 12F -+
Q. - i
~ . .
R SEREY o P e I---
Ie : e @ = .
0.6F == JEWEL N 7 BEi -
" Coherent antenna BDMPSSE7 T Rhian-vitev HT & = 4 GeV/fm?
0.4F = q =1GeV/fm?,L=5 fm T g=18 == Coherent k
- = om q 2 GeV/fm |_ 5fm i ||||||Ig 2.2 : Incciherent : I:

01 02 03 04 05 04 02 03 02 05

Zg Z9

+ JEWEL: enhancement of low Z, jets (due to medium recoil)
. modification due to medium induced splitting function
& Coherent antenna BDMPS: Data prefer coherent energy loss
* Measurement of ry and groomed R,, would help to separate models
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Groomed Momentum Sharing of Subjets

E 1.8 — - —— ——T—
. Recoil Jet, p:°°°"=10-20 GeV/c Zl AUA O—ZIO% 'd;é-o GeV/fm 7' IZ
E 16 R=04 ® STAR,p *e(20,30) GeV__
= 48 Au+Au HT / p+p HT ® Au+Au MB T ' AR>0.1 ]
- _& ab AR>0.05 e
3 Li & Vitev MLL EC,,' :
3 =*— Q1.2 -
B S T ;S :
- ) :+_ _< 1"““{'“ G N AR
e T .
—  STAR preliminary 0.6/ ]
EI'_ l l l :l 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 |:
01 02 03 04 05 lio.s 0.1 0.2 %3 0.4 0.5
g9 g

PLB.781,423 (2018)

No significant or small modification of subjet momentum sharing
Not necessary a contradiction to the CMS result due to the
difference in the grooming (no AR cut in STAR measurement) and
collision energy
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Effect of AR selection

No angular cutoff

AR > 0.1

10° g T E 1 103 Al RAns=
: B ALICE Prellmlnary E ; = ALICE Prellmlnary e
0.9 S PBPb |5, = 2.76 TeV m 0.9 PbPb |5, = 2.76 TeV .

0.8k Anti-k cha rged jels, A = 0.4 F Anti-kr chﬂrged jets, A= 0.4
B T o 10°E 80 < g <120 GeVie = = 0.8¢ o 102E 80 < " <120 GeVic —
k4 E E E| T w F E Jet E
2o 07 N - SoftDrop 2, = 0.1/ = 0 3 oo 0.70 N SoltDn Dp Zy=01f=0 3
o LE ° - j|Barvs 1 =5 : o AR>01  _ npata ]
LD B % 10k #= Shape Uncertainty _| @~ e % 10k &= Shape Uncertainty
E 0.5:- % E —— — PYTHIA Embedded E E 0.55— » = - =~ PYTHIA Embedded 3
8w 04 > C —— 1 9, 04 Z-"i ]
S o g by 1k —_— = 5@ 3 15 —— il
2 0.3f — 3 __'_: 2 0,35 : 1t =.= ;
0.2+ C ] 0.2r C =——u——
- | 1y | 1y Ly s £ y s ' L ' e A
g 3 g 1.5 : g : % 1.5 | hn E
E - 3 L T 3

0.05 0.1 0.150.2 02503 03504 04505 0050101502 0250303504 04505
unselected 2, unselected Zg

Normalized by total number of jets

/

* No enhancement of low Z jets, different from JEWEL prediction
Too high correlation between medium recoll and jet in JEWEL?
(hints also seen in jet mass and Z, measurements)

Unselected = Untagged (SD) + cut by AR cut

- -

* AR cutincrease the suppression of large Z jets
Harry Andrews (QM2018)
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total
/ Nj ets

unselected
jets

N

Data/MC

Collimated jets vs. Large Opening Angle
AR < 0.1 | AR > 0.2

1 ' 10&: LU= 1: ! 1Ud’.: HLRR R I =
0.9k E ALICE Prellmlnary = 0.9 E ALIGE Prellmlnar:-.f =
. - PbPb ys,, =276 TeV — AL — PbPb 5, = 2.76 TeV —
. u Anti-k. charged jets, A = 0.4 7 F r Anti-k- -:..har;:ed jets, A =04 7
03 o 10°EF 80 < pf" =120 GeVic — T w 0.8 o 10PE 80 < " <120 Gevic -
0.7k 3 M E SoftDrop 2, = 0.1 =0 E E » 0_:.-5_ 3 M E SofOmop 2., = 0.1 =0 E
0.6k } ] 2 r AR<01 o Data . = 0.6k ] 9 r AR=0.2 --Data .
’ % 10 = Shape Uncertainty _| EH ' E ! % 10 & = Shape Uncertainty _|
0.5- g 3 == PYTHIA Embedded | & 0.5 " E B PYTHIA Embedded 3
0.4 ; 2'“1 r — 1 8, 04 { = F B .
= E

0.3 1 = 1 — - 2 oat 1 = 1= —_— -
— E ——— E = : - E E
0.2 = — 0.2 F . - .
- 1 : r L = B

0.1 E 107 = 0t 1 f0'e

D E | | l l l 1 1 ] E O e D E

1.2¢ S 155 3 = 12y = 15F

i : e iE h & 1 3 12

- © 050 1 ®© o8 T 05E
o8 ST = I 5

0.05 0101502 0.25 0.3 0.35 0.4 0.45 0.5 0050101502 02503 03504 04505
unselected z, unselected z,
Normalized by total number of jets Unselected = Untagged (SD) + cut by AR cut

- -

=22y« Small or no modification of “collimated jets”
WA LAl (small AR between subjets)

« Larger AR cut (AR >0.2 large opening angle between subjets):
Significant suppression at large Z,
Harry Andrews (QM2018)

[
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Unfolded

1/N,s dN/dgg

MC

Recursive Splittings

1= L UL DL AL B B 0
- ALICE Preliminary E
0.9 pp \s=7 TeV =
0 82_ Anti-k; charged jets, A = 0.4 =
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- ALICE Preliminary .
u PbPb \'s,, = 2.76 TeV -
— Anti-k; charged jets, R = 0.4 T
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u SoftDrop z,,, = 0.1 =0 ~
:_ -»-Data P b P b _:
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— Y pamiee "
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i O i
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* No enhancement in the number of splitting passing Soft Drop in

PbPb compared to pp

Yen-Jie Lee

Harry Andrews (QM2018)
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Burning Experimental Issues

N
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Dijet Asymmetry INn PbPb at 2.76 TeV

El-é_’ [T I I I T rprrrryrTTT] = - 4_| L B I L T T T T T T T T T T T ||||||||||||| T T T T T T T[T T T T T T
- 2011 Pb+Pb data, 014 nb" O~ 10%3 35  Fg-100

S S 122 3_5:_0 10% 100<p <126 GeV - A'{['L;:SH . 126<p <158 GeV |

—ETBTV 3 o . _anl 4 Jets =

splPw=270TeL_ Corrected 3 3%;’*'3 PbPb ¢ ]

2'5;_ PbPb pg= _; 2.5; pui E"‘!f - -

E ] r — — ] == ]

2F - E 2k 1 F =

15k gl —‘—ﬁ_ 15 ] E:cEE : %

- - — 5 ——— ] F E

C *- RAW 3 1= 93 p 0 © g

05F = 5 El E

: 100<pp,<126GeV 3 05 Lowest pry- :

11| b b b b b a b i C T1 ih*' .

0.3 04 0.5 0.6 0.7 0.8 0.9 1 | | Lo Lo Lol e ™ v b b b b b

X

=2 4 TT T TTT T TTT TT T TT TTTT T TT T TT T
2 > I I I T T T T 3 C I I I I T T ¥
helke) C
-5 35 @ 168 <p_ <200 GeV [ys, =2.76TeV p_ > 200 Gevj
- 2011 Pb+Pb data, 0.14 nb’

X,\= .
J pTZ / 3t ATLAS E'i‘ - 2013 pp data, 4.0 pb™’ E

22 —t=— 7 E‘EE
« First unfolded dijet p; ratio! 2 e -+

« Narrow peak at low X, visible

nghest pTl

Ol b P L L

after jet resolution correction. 05 _
— Small fluctuation of the 03 04 05 06 07 08 09 1 03 04 08 06 07 08 09 1
sub-leading jet energy loss? XJ, X,
Origin of the peak??

- Peak goes away rapidly as one increase leading jet p; cut
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Photon-Jet Asymmetry

CMS anti-k jet R = 0.3, pJlat > 30 GeV/c, *| < 1.6

P €(40,50) GeVic}  p! e (50,60) GeVic 5""p'?r'é'(éf),'éd)'éé\'/}éi

[ ®PbPb0-30% ¥ mHybrid { Theory smeared
= : $ — JEWEL + PYTHIA I ]
Z ‘% 0.8F T —LBT (2017) T . ;
‘_|Z:>~ [ T = -

05 1 15 05 1 1'5

jet jet

=p._/ =p-/
gl =Prp; Data Unfolded
» Different conclusions on model comparisons — | 0-10% Pb+Pb |———————
between CMS and ATLAS at low X;, 5 Tar el
E 1_2; + p! =63.1-79.6 GeV %
- Example: HYBRID model describes CMS = & & 3 Pb+Pb 0-10% ]
data almost perfectly; inconsistent with = o8l o ‘ m]]B(?M::'é o )_3
u : \ q=2-8 GeV*/fm) ]
ATLAS data at low X;, 06 0% -+ JEWEL+PYTHIA —
: . . 0.4 ol P Hyprid e
* Note the difference in the photon p; and jet TE | SCETG ]
pr selection 02F E

N R SR B B A T,
02 04 06 08 1 12 14 16 1.8

N
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Jet FF with photon p- as reference

arXiv:1801.04895

== y-tagged jets 5.02 TeV '
<™ (0-30% / pp) -

inclusive jets 2.76 TeV | AT LAS

72 (0-10% / pp) .

[Sny = 5.02 TeV pp 27.4 pb™', PbPb 404 ub™

ratio of D(pT)
5 &

L L L L A L B LR B Hbridmodel
'CMS Cent.10-30% 7 SCET Cent. 0-10% 1 1.4 i
- Supplementary |- ¢ .
2 I PP | — ColLBT-hydro 1.2
Q | mDat { Hybrid
Q i T I w/o back reaction 1
E 15 [ + [ 1 w/ back reaction
g1 | +
o
1 | | e N, o o
1 2 3 4 1 3
&Jet &Jet

Let’s focus on the high p; part of the spectra:

» Different slope between HYBRID model and the
CMS data (vs ¢)

0.6

049mb Po+Pb, 25bpp
« Similar slope (but an offset) between HYBRID and 107 107 1
V4
ATLAS data (vs pq)
SCETg HYBRID CoLBT-Hydro calculation
Z.-B. Kang, F. Ringer, I. Vtev et al. J. Casalderrey-Solana et al. W. Chen, S. Cao, T. Luo, L.-G. Pang, X.-N. Wang
JHEP 11 (2016) 155 JHEP 1603 (2016) 053 arXiv:1704.03648
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Yen-Jie Lee

Jet Shape and FF

ISy = 5.02 TeV p; > 60 GeV/c
PbPb 404 ub” anti-k jet R = 0.3
pp27.4pb" | pf' > 30 GeVic a0 >

CMS  Cent.0-10%
" Preliminary i

m Data

| W SCET, Chien-Vitev
BT

R D(z)

25

TTITT] T T T roroT T | e = e |

Iy 1 < 2.1 anti, R=0.4 jets

SCET g=2.1 data

= ® 126 < p";‘ < 158 GeV
i ¢ 200 < p¥ < 251Gev
% 316 < p" < 398 GeV

Pb+Pb, {s = 5.02 TeV, 0.49 nb™, 0-10%

pp, Vs =5.02 TeV, 25 pb

L1l S T N L W |

107 10

ATLAS, arXiv:1805.05424 V4
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Can we measure
them at RHIC?
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Extraction of the Medium Propertles

25 ; Weiyao Ko
[ ¢, 90% CL
20 | 3 b, 90% CL

p =10 [GeV]

From charged hadron data

T = 300 MeV
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From jet substructure data
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JETILERAPE

100
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One could only gain confidence if we get consistent results from various observables

Yen-Jie Lee
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Jet Quenching in Small System

pp Vs =7 TeV, N5 110 PPb \fsyy = 5.02 TeV, 220 < N2 < 260 PbPb s\ = 2.76 TeV, 220 < NI < 260

_—

._;Jff..\“
SR
<8 "“ (L “
556%8, ““‘\‘ “‘\
et

R(An,A¢)

Initial State Correlation Escape Mechanism QGP Formation

* Collective behavior is observed in small systems
 Have we detected jet quenching in small system?
« Connection to suppression in peripheral AA collisions?

N
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Centrality Selection Bias

ALICE Collaboration, arXiv:1805.05212
2 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I 1 I I 1 1 I _

© L PpbPb, ISun = 5-02 TeV, charged particles, [n| < 0.8 - Incoherent superposition of
1.2 = ALICE data, 8 <p_<20 GeV/c - many PYTHIA events
- HG-PYTHIA, PLB 773 (2017) 408 ) (nucleon-nucleon collision)
L - according to the # of multi-
08k h parton interaction in HIJING
i ] generator
0.6 -
0.4 .
0.2@, E_-
O_I 1 L 1 I 1 1 1 I 1 1 1 I 1 1 ml_

0 20 40 60 80 100
Centrality (%)

« Selection bias plays a very important role in peripheral events
* Very important input to the interpretation of the peripheral data
« Amount of bias: can be process dependent

[
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Selection Bias

CMS-PAS-HIN-18-004

1 .4 L | 1 1 L L | | | |
i | | | ]
- CMS ]
1 .2 Simulation Preliminary -
wn B ]
e - 1
m 1__ === o T T T T _.-__-‘ __.
E = .
-; 0-8 B B

Q
ko, - |
O - ]
3 06} ]
-+ B -
- = |
% 0.4~ 0.10% 30-50% 70-80% 5.44 TeV XeXe ]
LL - HYDJET 1.9 -
| e e e AMPT 2,265 W/ string melting |

0.2

- Ml <1 .
_I L 1 1 | | ] | 1 1 1 | L1 11 | [ | L1 1 1 | | I_

|

® 17 2 3 4 5 6 7 | |

p_ (GeV) Austin Baty (QM’18)
T

» Size of the selection bias is model dependent (and process dependent!)
* I.e., this problem can not be resolved by using Z boson production as normalization

[
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R.A IN peripheral events

M. Spousta (ATLAS)\/N. Jacazio (ALICE)) £ 1 ]
Tues. 12:10pm Wed. 4:50pm # # ! ‘4‘ ! &
60-80% Pb+Pb, Ran = 0.65 o] o ]
<Npart> = 23 (ATLAS similar) 60-80% B
<1% p+PDb (0-5% in Glauber-Gribov!) R I A g
Y.-J. Lee (CMS) Tews ] <
Monday 12:10pm 87
70-90% Pb+Pb, Raa = 0.7 1 Q
<Npart> — 11 — 9
~20-30% p+Pb : o 1O
S. Zharko (PHENIX) 7 (Gov %
Wed. 10:40am :
80-93% Au+Au, Raa = 0.8 <__u
<Npart> =5 0.4 .
~50-70% p+Pb "2 (013030011 T | |7
54 0 2 4 6 8 10 12 14p:G(G;%/02)0

From Dennis Perepelisa QM’'17

With ALICE data analysis (also CMS generator studies) shown in QM’'18
Models which interpreted these data as cold nuclear effects are wrong
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pPPb collisions

27.4 pb™ (pp) + 35 nb™ (pPb) + 404 ub™ (PbPb) 5.02 TeV
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| 0-100% CMS-HIN-15-015

0 2
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< = i
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BQ C T
S S 0.8 TT{12,50} - TT{6,7} 4
& 3 = Anti-k; charged jets. A = 0.4 3
< 0.70 -043<y’<136 -003 <Y< 097 E

0.6

T-Ap<06

[ Syst. uncert.
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T,jet

Also Charged Particle Q,p, from ALICE and CMS dijet

No suppression observed in pPb collisions from those observables
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DY and Prompt J/p v, in pPb

CMS-PAS-HIN-18-010

0.3 CMS pPb 8.16TeV CMS pPb 8.16TeV
SF— T T T T T T T 1 S L
" o D° HM (185<N,,<250) — LM (N, <35) 1 i B Prompt J/y,-286<y_<-1.860r0.94<y <194 -
: ¥ KO o = 1.46<y <054 : 0_2_. Prompt D, -1.46<ycm<0.54 ]
" S . $ om 7 - [ Ko, -1.46 <y <0.54
0.2 ®) A O Q I:II}I ::::: :'l#:_ L cm
S e} S |
n Al - % - o 01— ] ¢ —
> - @I D# O - > B L] b B
0.1 o9 - i ° o ¢
T phe)| ®@ e @ - i +
I & + O & - :
EF\%% i oo——m™-®_ —
0 O- arXiv:1804.09767 i (185<N;,<250) — (N;;,,<35) ¥ i
" 1 | 1 | 1 1 | | | 1 1 | 1 | 1 | 1 1
P, (GeV) p_ (GeV)

« Sizable v, signal at high p; in various identified hadrons
» Also shown by ATLAS from inclusive charged particle v,

« Is this an indication that CGC and/or Escape Mechanism could
be the dominant source in pPb?

[
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System Size Dependence

ATLAS-CONF-2018-007
] T

CMS-PAS-HIN-18-004
27.4 pb' (pp), 404 pub™ (PbPb), 3.42 pb™ (XeXe)
L L

~ ATLAS Preliminary pp,25pb”  Xe+Xe,3ub"  Pb+Pb, 0.49 nb”| ] - .
D:&‘ mi<2.5 ' v%p= "?'P% TeV Vs, =5.4z§l TeV {5y, = 5.02 TeV ¢ i Erﬂznary [[87] 5.44 TeV XeXe R*,, 1
(ortapal. fo .44 e - ~ﬁI | 1 [ © |5.02TeVPbPbR,,
B ﬁﬁmwa—«::i%g%%T == - ml <1 ]
Ut Irpgrsasgslinti ey s 080 6.4 <p_<7.2GeV
5005 mfzﬁ i as -
%iéﬁii@ _ ﬁi%uw_ | s 0.6/¢ H .
e -, 9 O' * -
0.3_ L"I%"'F © j;_ n m 0 4_ I —
L XetXe, (N_) Lfi‘if?;g Pb+Pb, (N_) - d $ 2
o 5-15%, 194 o 20-30%, 189 0 2__ ¢ g ]
30-40%, 84 40-50%, 87 L . o o -
¢ 55-70%, 24 ¢ 60-80%, 23 i |
0-1= ] 0 O ~""T00 200 300 200
* High p; charged particles are strongly suppressed Xe >4
In XeXe collisions
* Approximate scaling with N,
* Future measurements in even smaller systems like Pp 66fm,
OO, ArAr and KrKr could be of interest
N
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 Energy flow with respect to et
*  Unprecedented wide p; reach with high statistics data
*  Modification of jet shapes and fragmentation function
« Narrowing of the jet core in inclusive jet with respect to pp reference
 Possible differences between CMS and ATLAS need to be resolved

 Hint of medium response from LHC data
« Different interpretations from theory groups

 Observation of parton flavor dependence of jet quenching
R, depends on meson flavor (light vs. charm vs. beauty) at low p;
 (Ungroomed) jet substructure become more quark-like in PbPb collisions:
Gluons lose more energy than quarks

« “Parton shower shape dependence” of jet quenching
Toward the understanding of jet quenching as a function of the jet substructure

« Jet Quenching in small system

* No significant evidence yet
*  Could be relevant for the interpretation of large systems
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Backup slides
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Groomed jet p fraction

CMS Preliminary pp27.4pb (5.02 Tev)

107
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1€ 7
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10°

CMS Preliminary popb 404 ub (5.02 Tev)

e e B O O

- Centrality: 0-10% —®— data ]

" 140<p” <160 Gey [l PYTHIA+HYDJET

B T -
anti-k; R =0.4, |nj91| <13

SoftDrop p=1.5, z =0.5, AR,, > 0.1
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CMS Preliminary  180<p <180 GeV

CMS Jet Mass

anti-kt R = 0.4, h-["l-c:'lﬂ-ucﬂdmpz =01, =00, ﬁFi =EI1

PbPb 404 ub” (5.02 TeV), pp 27.4 pb” (5.02 TeV)

1 dN
N dtmﬂj pT.m}

i

FbPb
Smeared pp

| Cenfrality: 50-80%

Centrality: 30-30% Centrality: 10-30%

i PbPb
W Smeared pp

E Centrality: 0-10%

T
QG_LMI'_DL‘LC!MJELU‘JCODI\]J&

CMS Preliminary  180<p, <180 GeV

anti-kt R = 0.4, | |-=13"‘0ﬂdmpz =05,8=154R =01

PbPb 404 ub™ (5.02 TeV), pp 27.4 pb™ (5. o2 TeV)

FbPb
Smeared pp

t Centrality: 50-80% E Centrality: 30-50% Centrality: 10-30%

i PbPDb
3 Smeared pp

Yen-Jie Lee

Centrality: 0-10%

. _ o1 0z o o1
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CMS Jet Mass vs. Jet energy

CMS Preliminary

Centrality: 0-10%
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ALICE Hadron-Jet
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Missing p;!l vs. A,

More energy flow

In the subleading jet direction PP 0-10% PbPb

CMSpp | [PoFbO0%

= 4% --Gen. PYTHIA .]

p™ (GeVic): o 20f —— . .
[J0.5-1.0J2.0-4.0 (,2, '

[ ]1.0-2.04.0-8.0 AN

+ >0.5 8.0 - 300
S0 ”
-40F OPP Py 276 Tev
0001020304 b 1702 03 04
More energy flow
In the leading jet direction A _ _A‘J
* Missing p; from high p- partlgles Increases as a function of A,
* In pp Balanced by 2-8 GeV/c particles
+ In 0-10% PbPb Balanced by particles with p L_2HER 1602 2016) 006
—
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CMS Groomed Jet Splitting Function
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CMS Groomed Jet Splitting Function

Vo = 5-02 TeV, pp 27.4 pb', PbPb 404 ub™
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Groomed Jet Mass (Q vs G)
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Groomed Jet Mass (Q vs G)
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Jet R,, vS. Theory

JEWEL+PYTHIA (0-10%), Pb+Pb \/E = 2.76 TeV 1 T T 1 ]
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Z-Jet vs calculations

VS\y = 5.02 TeV pp 27.4 pb™ PbPb 404 ub™

-I LI I rri I rri I LI I rra I rri I rri I rri I rri I LI I--I LI I rri I rri I LI I LI I LI I LI I LI I LI I LI I-
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* Important to have correct pp baseline
« Reasonable agreement between data and theory curves from JEWEL, HYBRID and GLV
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N-Subjettiness in PbPb at 2.76 TeV

-l""—;:h 4 | | L | | I I | | 1T 1T 1 | | | | 1T 171 I | | | L |
(N —  ALICE Preliminary —e— ALICE Data 7
~ 3.5 [ 0-10% Pb-Pb ys,,, = 2.76 TeV —— PYTHIA Perugia 11 _7]
(S ~  Anti-k, charged jets, A = 0.4 - Shape Uncertainty

T ged)
i®) 3 — #-Ap<06 —
E‘ C TT{15,45) - TT(8,9) .
2.5 40<p™" <60 GeV/ | —
O n < p’T < eVic ! .
wn - _
© 2 | ]
— 1 ] 5 - 1 ]
— ~ i -
— I 7]

CI:J

203040506070809 1

T, T,

Small 1,/ 1, related to leading parton splitting into 2 resolvable partons

Medium modification could shift 1,/ 1, to higher values

No significant difference between PbPb data and PYTHIA within the uncertainties
Could JEWEL, HYBRID, CCNU and SCET reproduce this data?
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Subleading jet direction
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hooting Jets with Different Width” through the Medium

Small R parameter Large R parameter
B e e e N B/ i B o B e e s e ey
PbPb - p@- PbPb - pp R = 0.3 PbPb - p@-- PbPb - pp R = 0.5
_ - : l_l‘_l :. : ?.
> 0
g —
=‘;|‘.— = p™ (GeVic): .
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A A A A
\ JHEP 1601 (2016) 006
.+ Quenched energy distribution depends on the R parameter used
\ in the Anti-k; algorithm

A * Hint of narrower leading jet (or wider subleading jet) in PbPDb
| collisions.
« Soft particles extends to larger A in dijet events reconstructed
with larger R parameter

’ A = \/A¢%rk,jet + A’7%rk,jet
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“Shooting Jets with Different Width” through the Medium

Narrower jets Wider jets
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>

O 4

—~ R=0.2 R=0.4 Il

=< 0.5-1.0 m—

1.0-2.0
-8 PbPb-pp, 0-30% - 2.0-4.0 i
HYBRID 4.0-8.0 mm—
8.0-300.0 m—
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A A A A

« Medium response from HYBRID is farer away from the jet axis.
« Shower not completely thermalized?
* Where are the calculations from JEWEL, CCNU, QPYTHIA and SCET;?
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| ' - ' — |

\VilaTal=
0-10% 30-50%

16 27.4 pb’’ (5.02 TeV pp) + 404 ub (5.02 TeV PbPb) 1 6p 27.4 pb (5.02 TeV pp) +404 ub™ (5.02 TeV PbPb)

- T 1 I - LI | T L] L L I I I
' ) SCET, (0-10%) - -
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1.4_— [TTTT) Bianchi et al. (0-10%) ] 141 - ]
- M= CUJET 3.0 (h*+n°, 0-10%) . - Ve A
12 [ Andrés et al. (0-5%) _ 12 - g CuJET30 (w47, 30-50%) ]
T —— — v-USPhydro+BBMG (0-5%) - r .
- T,, @and lumi. uncertainty . T4 @nd lumi. uncertainty :
1: """"""""""""""""""""""""""""""""""""""" 1= m |'<“1 """"""""""""""""""""""" + + """" —:
2 '_ £ - ot + ]
C i T
:_ 06 :_ .'..“ - _:
- _.. * .
0'4|_._ ®oee "
- CUJet3.0 N
0.2 —
CUJet3.0 - 30-50% ’
_I 1 I | | | L 1 11 I 1 | 1 | | I 1 | I _I [l | 1 1 1 | L 1| | | 1 1 L1 1 11 | ]

0 10 10° o 10 10°
p. (GeV) p. (GeV)

General trend described by pQCD based and Hybrid models
A full description of the R,, Is still challenging for some models
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Description of the D® Meson Data

arXiv:1708.04962

27.4 pb™'(5.02 TeV pp) + 530 ub™' (5.02 TeV PbPb) 27.4 pb™ (5.02 TeV pp) + 530 ub™' (5.02 TeV PbPb)
i i CEJR
1.6 CMS (o] z““ y 1.6+ CMS ngrdjevic etal.
B 0 ™0 ao et al. 0-80% B 0 ™o e QUJET 3.0 )
1 45_ D°+ D - ~-| Djordjevic et al. 1 45_ D"+ D D \C/:giveftaT.I- (9=1.9-2.0)
- HHY CUJET 3.0 8 —— PHSD w/ shadowing
= _ LA -~ PHSD w/o shadowing
1 .2: T, and lumi. AdS/CFT HH D = const 1 .2: T aind lumi. piomatesaias seimivin B
(g uncertainty  ...ZZ oo e | e ncertainty FABCFTIBDE).
X os o ogF

_+_ CUJet3.0 : 8f

0.2F —— Iyl < 1 0.2 QLSS i Iyl <1
“F Cent. 0-100% ik = Cent. 0-10%
0— 1 L Il | ERN] [ ) | I L 1 1 | | L L l 0_ 1 L | | EE - | I l
1 10 10 1 10 102
P, (GeV/c) P, (GeV/c)

« At high D° p: Trend captured by pQCD and AdS/CFT based models
« Reasonable description of the data could be achieved
Details doesn’t work perfectly, especially the slope of the DY R,, vs. p
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R=0.2 R=0.4
5025 5 » c 0.25 ;
2 - pS>2 Gqul: p;*>0.2 GeV/c, Matched: 2 B p$ul>2 GeV/c: p$u‘>0.2 GeV/c, Matched:
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0 = _ N I L | Lo ‘ | _‘O_$#-!—JD— 0 -iT | | | | i | L | | L | | *%-!m—
-0.2 0 0.2 0.4 0.6 0.8 2 2 4 ) .
A -0 0 0 0 0.6 0 A8
. J J
arXIV:1609.03878 E|-§." 4IIIIIIIIIIIIIlIIII|IIII|IIII|IIII|IIII:
© 100 < p_ <126 GeV 0- m%-
|z 35¢

3_ WPb+Pb

« STAR: Di-jet pairs seeded with “hard core”  Wop
« No significant energy flow out of the jet 2'5_ E”
cone R~0.4 in this subset of dijets I EEE @
e e L
« ATLAS: inclusive dijet (resolution unfolded)

e Peakat~0.5

« Check from CMS? ' 03 04 05 06 07 08 09 1
X;=P12/Pr1
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Jet Quenching with Inclusive Charged Particles

27.4 pb™" (5.02 TeV pp) + 404 ub™" (5.02 TeV PbPb

N

Charged particle Ryx

1.6 ] I I I LI I I I L L L
I CMS 49 |ews 1 1 < Strong suppression of charged particles
145 ATEAS atce == (up to a factor of 6) in PbPb compared to pp
" [[e]CMS5.02Tev ¢ ALICE 2.76 TeV |
1.2 l O CMS 2.76 Tev v ATLAS 2.76 Tev __ § .- T T T 1T TTT I T T T 1T TTT I T T T L I_
. T @nd lumi. uncertainty 1% [ ATLAS Preliminary .
1._ ..................................................................... - | —
- mi<1 3 i .
< - ?- 0.8 ]
N 1 | ¢ h*, 0-5% (ATLAS-CONF-2017-012) ]
061 1 osf | . H .
1 o SR
= ; 5 B 0 .
L i 02_ E]m .M@E EXPERIMENT i
e 0-5% i mlmmﬂmmmj Pb+Pb 5.02 TeV, 0.49 nb'
C g - pp 5.02 TeV, 25 pb™ i
Olll | | Illllll | | Illllll2 1 l 0 L L |l||||| L L lllllll L . I S I
1 10 10 1 10 102 10°
p, (GeV) P, [GeV]
« Almost no suppression at very high p+ « Similar Charged particle R,, in PbPb
compared to pp reference at 5 Te\VV compared to 2.76 TeV
« Charged particle R,, measured up to * Good agreement between ATLAS, CMS
pr = 400 GeV for the first time! and ALICE measurements
JHEP 04 (2017) 039 ATLAS-CONF-2017-012
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PHENIX Photon-Hadron Correlation
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ALICE Charged Jet Mass

< < < <
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Mo jet (GeV)
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« Data sit between JEWEL recoil on and off
« HYBRID need medium recoil to describe the ALICE data

Yen-Jie Lee
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Charged Jet Mass in pPb and PbPb
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Hint of smaller charged jet mass in PobPb (more quark like)
with respect to reference

Yen-Jie Lee
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STAR Hadron-Jet Correlation

arXiv:1702.01108
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* |lcp significantly lower than unity; significant out-of-cone Eloss

* R=0.5 Ip > R=0.2 Ip
* Indication of the recovery of the quenched energy

Yen-Jie Lee
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Fraction of jets
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STAR Splitting Function
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g

 STAR: Di-jet pairs seeded with “hard core”
* No significant modification in this subset of dijet

Yen-Jie Lee
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Quenched Energy out of the Jet Cone

JHEP 01 (2016) 006

Subleading jet

[Jet 1, pt: 70.0 GeV

CCNU Model
“Reheating” the QGP
t = 0.9 fm/c

Jet 0, pt: 205.1 GeV/|

Leading jet

* Quenched energy carried by
low momentum particles!

« Average momentum of those
particles are higher than that
from medium debris
— Not Completely Thermalized?

Yen-Jie Lee Recent Experimental Results on Jet Quenching

Jet axis
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Charged Particle R,, vs. Theoretical Models

27.4 pb’’ (5.02 TeV pp) + 404 p.b (5.02 TeV PbPb)

1.6 i
' ) SCET, (0-10%) ’
C MS ] Hybrid Model (0-10%) -
1_4_— [1TTT1T] Bianchi et al. (0-10%) ]
i s==== CUJET 3.0 (h*+r°, 0-10%) ]
- Andrés et al. (0-5%) —
: - ~— — v-USPhydro+BBMG (0-5%) -
s an ANA ML UNCSTANY, 3
B m|<1 } ]
y B u+1“ e
b llll
0.8 Wey o S
0.6]- '" E
ok SCET,
lo® -
0.2:— -
£ 0 CUJet3.0
0 10 102
p. (GeV)
HT /JET

04

0.2

CMS

CMS data, 0-5% centrality =
ALICE data, 0-5% centrality + e

JEWEL+PYTHIA +

charged hadrons

JEWEL

2.76 TeV |

10 100
p, [GeV]

100K

* High p;: General trend described by both pQCD and Hybrid models
» Description of the R,, over the whole p; range is still challenging

Yen-Jie Lee Recent Experimental Results on Jet Quenching
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Reproduce ATLAS X

4
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From Chris McGinn
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Groomed Jet Mass

(z.,,B) =(0.1,0.0) AR>0.1 (z.,:B) = (0.5,1.5) AR>0.1 I} e
< N PbPb 404 ub™ (5.02 TeV), pp 27.4 pb™' (5.02 TeV) PbPb 404 b (5.02 TeV), pp 27.4 pb” (5.02 TeV) ,
oﬂa{,m o5 53 : antl k R 0 4 h1 I< 1 3 i i antl k R 0 4 h] I <1 3 i u.%ﬁ{%"é’i‘ﬁ‘z‘s“éﬁ'%g“uli"u"s's"ﬁ‘
—CMS SoftDropzt—01 B=00 | 1o CMS SoftDropzt-05ﬁ-15— o
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- “Flat Grooming” A 5 “Jet Core” 7
o | 140<p o <160GeV| e / Q 140<ipys, <160‘ GeV \:
N i RAPIUIPVEET v e alg o .
a|o 1%’— old I
Olg | 2| S ]
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U) - = (D ; s HREE oy THIDTO P13
QL —
10— A
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= - ST e B
L VO L N,
% o 0.2
CMS-HIN-16-024 M / p T,jet
« Enhancement of large mass when looking * Results with a “more aggressive grooming”
at a less aggressive grooming setting * No significant modification of the “jet core”
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Charged Particle R,,

CMS
ATLAS-CONF-2017-012 JHEP 04 (2017) 039

27.4 pb™ (5.02 TeV pp) + 404 ub ™ (5.02 TeV PbPb) 27.4 pb™ (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)

1.6_11| T T T T T T T T T T ™ ] 1. :”l L 36ET;{6-40%}|| ' ' .
1 43 [*]cMs5.02Tev  © CMS276TeV - 1 al CMS SR e _""‘t“":'(f':;’j: -
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- [ ATLAS 502 16V ¢ ALICE2.76TeV ] 2 M= CUJET 3.0 (h'+r° 0-10%) -
12 vV ATLAS 2.76 TeV ] 12k Andrés et al. (0-5%) ]
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« Strong suppression of charged particles

(up to a factor of 6) in PbPb

* Almost no suppression at very high p- _
compared to pp reference (p;~400 GeV) pQCD and Hybrid models

« Similar charged particle R,, in PbPb * Description of the Ry, over the
at 5 Te\/ compared to 2.76 TeV whole p; range is still challenging

N
Yen-Jie Lee Recent Experimental Results on Jet Quenching 83 I I I I I

« General trend described by both



Prompt D° R,, in PbPb at 5.02 TeV

PbPb 0-10%

27.4 pb™ (5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb)

S
o
=
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1 1 lllllll 1 | lllllll
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10 10° Compilation
pT (GeV/c) from Jing Wang (MIT)

« DO production is strongly suppressed
 Strongest suppression around D° p; = 5-8 GeV

[
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Background Subtraction Techniques

e Statistical subtraction

* ALICE mixed event subtraction

 STAR mixed event subtraction
 Event-by-event

 STAR: hard-core jet ID + subtraction
CMS iterative pile-up subtraction
CMS constituent subtraction (+ flow modulation)
ATLAS iterative subtraction

Workshop on the Definition

Jets in a Large Backgro 19

https //wwwb Ig /] L8fndex.php
25-27 \‘\] / '

« (Can theorists understand / use them?

e Introduced in Christine Nattrass’s talk 7

N
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~
/E X JETSCAPE
(medium)

JEWEL CUJet3.0 HYBRID
Q-PYTHIA SCET,

Extraction of the medium properties

The main difficulty: we don’t know how to describe the interaction
between the hard scattered parton and QGP (a multi-scale problem)

Two theoretical approaches:
(neither of them are the full stories and both of them are effective descriptions in proper regimes)

Perturbative QCD Holographic calculation
Weak coupling limit Strong coupling limit
Collisional Radiative AdS/CFT “drag force”
energy loss energy loss
E E-,-:aEf Iz \
1\& ,_f"ff E - ,.-'”IEE Eéz\
| I AR CAAAPU Al
+.|':'I.E : E-AE 2 0 2 4 6 8 10 12 14
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Medium Response

We also don’t know how much the medium response (recoil) plays a
role in the description of the jet quenching observables
and how to describe it correctly

Medium Recaoll
without Re-scattering No Medium Recoil

Fully Thermalized
dadas Medium Response >CETG
HYBRID

CUJet3.0

JETSCAPE Q-PYTHIA

And hadronization (Rainer Fries)
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TABLE I: (Ncan) and {vz} of all final partons from normal (first number in each column) and azimuth-randomized AMPT
(Debye o) and MPC (isotropic o) results (second number). The d+Au impact parameter is b = 0 [m.

AMPT d-An AMPT A A |:f.l = 7.3 ) MPC Au+Au (b =8 fm)
o 3 mb 3 mh 2 mb 40 mh 6l mls 5.5 mb M mb 40 mh Gl mh
(V, .,||} 1.2 1.4 46 58| 13 232 17 32 a0 39 | 47 54 | 17 23 35 52 | 53 83
{2} T%  25% [3.9% 2.7%(5.9% 2.7%|16.0% 2.3%(5.7% 2.0%|5.5% 3.5% |B.6% 3.5%|0.8% 3.0%|10% 2.6%
[
l:e'z:l].“..m._,." -:: tra :: 935 G957 469 385 34% G4% 41% 31% 265

Arxiv 1502.05572
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TABLEL: {Neon) . (v2)Random. (U2 Normal and the ratio of {ve) from ¢-randomized AMPT over that

from normal AMPT for final partons of different flavors within |7 < 1 in three collision systems.
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