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Many, many talks...

« ~90 talks related to jets out of ~150 parallel talks (both exp+theo)

« my personal (biased) selection in this summary
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Jets in QCD medium

« Parton energy loss (radiative+elastic) leads to jet quenching

« Learn something about the medium £ g;/ﬁ -
: : N '
=> e.g. extraction of transport properties: g | EAE J o
|
X
(medium)
pp collision leading Heavy-ion collision leading

hadron

hadrons For different observable

we can (and should) study:

hadron
hadrons
q

q

A

— needs pp ,,vacuum®* reference!

- collision energy dependence
RHIC -> LHC

- collision system dependence
pp -> pA->AA->AB

_ - multiplicity/centrality dependence
— most measurements need model comparison
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Jet observables

Do we really understand the QCD vacuum (pp) reference?

 Does radiative energy loss dominate? Is collisional energy loss important?
« Is the quenching different for gluons and quarks, light & heavy flavor?

Do broad jets lose more energy than narrow jets?

« Where does the lost energy end up?

 What is the microscopic mechanism of parton energy loss?

jet substructure

Hadron level observables:

- particle spectra/Rua,

- h-h or gamma-h
correlations

- high p; v,

Full jets <-> jet structure (shape, mass, grooming) <-> fragmentation
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Single particle spectra

* hadrons at large p; are from jets

* b,c reduced energy loss (color charge, dead cone effect)

 seenin open b and b->D
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Simple model for hadron quenching

« guenching weights based on BDMPS
« power law pp spectrum

 only asingle energy loss scale (no medium model)

scaling of R,, at large pT average energy loss
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Charged hadron R, , in Xe-Xe
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Path length dependence of parton energy loss p%f‘g:é;és

« system size dependence from Xe-Xe and Pb-Pb R,

XePb
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M. Djorjevic et al., arXiv:1805.04030
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Charged particle R, , in Xe-Xe

« Comparison of the LHC experiments

 good agreement in central collisions

|« 0-5% ATLAS Preliminary Xe+Xe \/_ 5.44 TeV - ) s
f «0-5% CMS Preliminary 2 XerXe sy, =544 Tev »
0-5% ALICE oS n ‘
't *i e - viper L I -
: Ao vty T E T
i il § A Ty £ Y i
%t i In|<24(ATLAS) [ - ool ]
- g kex & $5 . Te %o
s T Ry T e — N i : : i
03l O i | In|<1.0(CMS) 4, Normalization ]
. kK e A4 . _
I Ce n| < 0.8 (ALICE) uncertainty not shown
B :*.._;gfz; ] ' |« 50-70% CMS Preliminary i
e 50-70% ALICE
Normallzatlon uncertalnty not shown L AT ey
01 1 1 ] oo | ] ] ] L L 1T = | ] I N 1 | ] ] [ s
1 3 10 30
1 3 10 30 . [GeV] p. [GeV]
« difference in peripheral ->to be followed up Petr Balek, Tuesday

Austin Batey, Tuesday
Jacek Otwinowski, Tuesday

05.10.2018 - Michael L. Knichel Jets in QCD matter - Experimental Summary



R, IN peripheral Pb-Pb collisions

* In contrast to central collisions, peripheral collisions suffer from biases

« actual amount of jet quenching unclear
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Di-jet imbalance in Xe-Xe
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Di-jet asymmetry from STAR
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« Variation of jet radii and p; hard cutoff, compare to pp
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Hard core jets
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Maiched jets
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Photon tagged jets in ATLAS

* In pp peak at one (=no energy loss) Xy = p.rjet/p.ry (fOf’ A¢>7zr/8)
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vy-jet and m°-jet correlations

« azimuthal correlation averaged over away-side region
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* recoil jet supression similar for y and m° triggered correlations

« Kinematic range of jets down to very low p-

N. Sahoo, Tuesday
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Jet specira in pp collisions
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0.8/ . 0.8 1 5 o9 Py > 015 GoVie [C]sys. Uncertainty
0.6 - 0.6 - T 03 3 = E
0.4 . L L L .- 0.4 " L L T 0.7| —+ E
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ALICE Preliminary 3

« Jets at ,low p;“ down to 10 GeV/c G 2 S

« Pythia 8 not perfect reference, ﬁ; ﬁ; =31 ks 1

' ' ' ? : -~ -
normalization issue” i i 1 ]

0.2 1 1 1 1 1 = T FEETE PR NS W S 1 1 1 ul 1 =
10 20 30 40 50 60 0 20 30 40 50 60 0 20 30 40 50 60 10 20 30 40 50 60

- very weak multiplicity dependence Aot

Markus Fasel, Wednesday
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« Significant jet quenching up to ~1TeV

- Trend by all models, data well described by LBT

arXiv:1805.05635

< 1: : ; - r = = = :(t T T LI B . I_ T T T T J § : —— T . . : . —
€ ,of ATLAS arXiv:1805.05635 1 « | ATEAS antik, 7 =04 jets VI<BT | o [ATLAS etk Ao 0didts Vom=S02TeY .
~E anti-k, R=0.4 jets, {5,=5.02 TeV E [£]0 - 10%, |Syy = 2.76 TeV [PRL 114 (2015) 072302 a0 |
0.8 — | [2]0-10%, sy =5.02Tev o
= — 1 [+]30-40%, sy, =2.76 TeV [PRL 114 (2015) 072302] IIH Ijzlzﬂfﬁ
. = = [+]30- 40%, sy = 5.02 TeV _
B c Tt BEENE (7, ) and luminosity uncer. arXiv:1805.05635
- ++_t:¢=t#:+' = A
- e Pl EF'EFEFE
= e * |
. = e —e Y] —
E == ly| < 2.8
SCET,, g=1.8 e :t:{:{:, t y| < 2.
SCET,, §=2.2 0-10%, ly| < 2'1_: 5 T |+ + \ 2015 data: Pb+Pb 0.49 nb™", pp 25 pb Eig - gg:ﬁ
SCET, NLO 2015 pp data, 25 pb” 3 o5 o = o o e e et e e MO (7, And uminosity uncer. ep 70/
£Q276 TV 2015 Pb+Pb data, 0.49 nb™ - K= o e e ae a0 a0 av
?OO 2(l)0 3010 I 560 : : I 960 1 1 1 1 1 | 1 1 1 1 1 1 1 pT [GeV]
- 40 60 100 200 300 500 900
Py [GeV] p_ [GeV]

« Jet R,, does not change with collision energy (similar to hadron R,,)

« => balance of increased energy loss and harder production spectrum at larger s

Radim Slovak, Thursday
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Jets in Pb-Pb collisions

< o _ < i 1no _
- Jets at lower p; down below 100 GeV/c, T g PP 0-10% {5, =5.02TeV T gl PorPb 0-10% 5, =502TeV
. . - ALICE Preliminary "“t  ALICE Preliminary
ab ove in ag reem ent Wi t h ATLAS 1.4 POWHEG+Pythia8 reference 1.4 POWHEG+Pythia8 reference
1 2:_ Anti-k; | qif::I [ <0.5, | n;’; | <0.7 1 2:_ Anti-k; [ ’T}::I | <0.4,| n;’; |<086
=r lead,ch =t lead,ch
. . . . L po > 5 GeVie L po " >5GeVic
« Full jets similar to charged jets e . e -
L m Fulljets @ Charged jets [ m Fulljets @ Charged jets
08 _— Correlated uncertainty [ ] Correlated unc.ertainty 08 :— Correlated unc.erlainl:.' [ ] Correlated unc.ertainty
[ ) aI m O St n O e n e r g y reC O V e r ed fro m R:O . 2_> R :O . 4 O 6 :_ Shape uncertainty Shape uncertainty 0 6:_ Shape uncertainty Shape uncertainty
) e SRR et
* no significant modification for R=0.2/0.4 04| So= 04
0.2 0.2F
=+ § 1 .6 3 0: L L 1 1 | 1 | L L L O: L L 1 1 | L L 1 | L L L
¢|5. [ Pb-Pb 0-10% sy, =5.02TeV 0 50 100 0 50
T T14F- - p_.  (GeV/c) p_.  (GeV/c)
qg o L ALICE Preliminary Tiel Tiet
Nl L Anti-k R02| .05 | nR=04 | < 0.3 1.8 1.8¢
~ _1.2F l"'d hT lnie! < || Zjeﬁ < tt5 " ALICE Preliminary n:5 " ALICE Preliminary
g = P ppp, > 7 GeVIC L 7> 5 GeVie 1.6[ pppPb 0-10% ISy = 5.02 TeV 161" pp-pb 0-10% ISy = 502 TeV
n:b Li L 1.4F pp ISy = 5.02 TeV 1.4 pp ISy = 5.02 TeV
“o|lg i Jof Anti-k,[R = 0.2] n,1<05 1 of Anti-kJR = 0.4]| n,l<03
0.8 L P s 5 Gevie L P> 7 GeVie
3 i -1_ 1 e eeeemeeaemmmaeesmmmessemeessemsmssennseneennnnsnsennn
0.6 [ Fulljets = Scer i 3 u Fulljets i
T 5 = 0.8 L Correlated uncertainty HybridGMode\, Les=0 0.8 _ | Correlated uncertainty
++ O sh ai mm Hybrid Model, L= 2/(xT) L m LBT Shape uncertainty
ape uncertainty B JEWEL, recoils on, 4MomSub - [ SCET,
0.4+ 0.6 = JEWEL, recails off 0.6 = Tyhr—idGMOGel, .
[ @ 0-10%Pb-Pb 4pp e - ‘ — ot
[ consasawostainy [ Conssdunces 04f ast 0.4 am i Lt
02 - | Corre ated uncertainty |:| orrelated uncertainty “f 1 “f [ ] IMomSul ]
: Shape uncertlainly Shape ulncerlainty 0.2 7 Iﬂ 0.2 7- JEWEL, recoils off - —
0 1 1 1 1 1 1 1 1 1 b -
0 50 100 O L 1 1 1 | L 1 L 1 | L L 1 O 1 1 I 1 | L Il 1 | 1
. 0 50 100 0 50 100
James Mulligan, Wednesday P (GEVIC) .. (GeV/c) P, (Gevic)
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Jet radial shape in Pb-Pb

CMS Supplementary JHEP 05(2018) 006

1 1 ) PbPb 404 ub™' (5.02 TeV) pp 27.4 pb’ (5.02 TeV)
PN =5x, 2. o = af 0-10%
Jet jets | trackse€(r,,m) ;:_] i . F::|1r|a =0.7 GaV -
vl - T anti-k.. jets R=0.4
—~a~ 2 5- irk G ’
" 5 Py >2GeV p*'>120 GeV
E 2 . D!;k >4 GeV N 1
 Low p;enhancement at large Ar & P
15 V.
« ,lost“ jet energy is redistributed o~ '
to soft fragments at very large radii T T
——,
0.5 N ——
. |

Xiao Wang, Thursday
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D mesons in jets

« DOand jet from same hard scattering Michael Peters, Tuesday
. D - . D
< < >
Low D pr: 4 <p7- <20 GeV/c High D pr: pt” > 20 GeV/c . lterative PU-
0* 24 Pb” (5.02 TV pp) + 404 b (5.02 TeV PbPY) 274 pb”" (5,02 ToV pp) + 404 b (5.02 TeV PbPY) subtracted PF jets
- CMS 4<pP<20GeVic ] F CMS pP > 20 GeV/c . anti-kt, R=0.3
- g’fiml’::’y WPl <2 10 g’fiml’::’y WPl <2 . priet> 60 GeV/e
0™ > 60 GeV/ic 0™ > 60 GeV/ic jets mjetl <16
- °F P <1.6 E o P <1.6 '
%-;i E__;::F ! %—,i - 1
A2 T : .= : | |
1= + = 1 , relative n,® between D? and jets
" = PbPb 10 = PbPb g
- e opp ® pp T r—\/Aq%D-FAn?]D
- 10°2
10 = | I I I — | I I I
3 - 3 -
& 2— = & 2— -
g | + A :
o . . . . ] o . . . . ]
0 5.1 0z 03 04 0.5 0 5.1 0z 03 04 0.5

* high py D°from c-jet, small modification in the medium

* low p more D° from gluon splitting -> hint larger angle in Pb-Pb (diffusion?)
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Jet mass measurement

. . ) ATLAS-CONF-2018-014
« Invariant mass of the jet fragments M ~ 760

 small mass: narrow jet, few constituents
large mass: broad jet, many constituents

* No significant modification of the shape observed => all jet masses equally suppressed

* Overall suppression consistent with the inclusive jet Ry,

FATLAS Preliminary ] 10[FATLAS Preliminary ~ -
B 1000 pp]s=5.02TeV, 25 pb" - & [ogbarmiosm
c - 3 o . XA | - b (] i R T i o T 7 LI N S N L2, ]
. F oS v laRhey | gl [Asppeia i oF ATLAS Preliminary - oF ATLAS Preliminary -
8% 5001 1% T 1 = Pb+Pb 0-10% - . Pb+Pb 60-80% :
SR m 2 N 18F 126 < p_< 158 GeV E 126 <p_< 158 GeV E
- t } + ; L s E— Ié i N CCE [
100k~ Data I : il B I
o) - — Powheg + Pythia8 1 B e - . ] [ ]
— [ 158 < p_< 199 GeV 4 .1~ F B OS5 o ©® o o o = 0.5 =]
e ' ] % 20F -. 3 L ol [ ATLAS-CONF-2018-014
'8& N N U:E’: E . E e sl g s ey W 50 g B W 6] Pspmelsmacl s s e s s e B EE
5 100F E R T m - 0 005 0.1 0.15 0. 0 005 01 015 0.2
C_ | , , o = . , , m/p m/p
005 01 015 02 005 01 0.15 0.2 T T
/ .
m/pT ‘ R Radim Slovak, Thursday
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HARD

phase space of jet splitting (Lund plane) PROBES
« Splitting in vaccum (QCD) . P11 = (1-Zgpi)Pr
« Splitting in medium 0
3 regions for a splitting happening in medium m Pr2 = Zsplit Pr
1) vacuum splitting inside medium
2) medium-induced splitting = not uniform in Lund plane in principle could be measured
3) unresolved splitting 4%
A\ : :
In 20 o 6‘9 or used to define grooming parameters
e 2=1 &\‘(\08\‘) Gne => microscopic details of energy loss
medium <« o“ere\‘\ce
e = dec QPYTHIA [EWEL (wo/ recoil) [EWEL (w/ recoil)
: T e e
MED-VAC |
n1/R Invig In 1/9 ; f1] oy -10 . e T, o 10 i~ v: ,.;
Coherence 0 056 1 156 2 256 3 35 4 Tr}snmf 5 0 056 1 16 2 256 3 35 4 4(:;”8;5 ’ 0 05 1 16 2 25 3 35 4 ‘lr'aswef :
large angle angle small angle Marta Verweij, Wednesday
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Jet grooming in pp collisions

« soft drop grooming to remove large angle soft radiation, UE, background
One hard subjet

. Two hard subjets
» recluster the jet (Cambridge-Aachen)

min(pri, pr,)
P1i + P1

* Remove the softer branch unless z, =
- Controlled by B and z.,,

= Access the jet splitting

W
30 GeV/e< pr <40 GeV/e 60 GeV/c< pr<80GeV/e 160 GeV/c < p;y <180 GeV/e > small
g‘ 2 ALICE IPreIimma;y pp (=13 TeV, il_,m=11.5|nb" -Em 12 [ ALICE Prelurmnary pp 5= 13 TeV, Ly=11. 5 b ™ _1'3@ 12 I ALICE F'rellmmar;r pp {8= 13Te‘\.|r Ly =4 pb‘ 1 9
% 10 Anti-ky, 30 GeVlie < pi” < 40 GeVie % 10/~ [ Anti-k, B0 GeVic < pJ’ < 80 GeVie N % 10l Anti-k,, 160 GeV/c < p‘ = - 180 GeWc. N
g"l [ pe > 0.15 GeVie, £ >0.3 GeV 3"'1 P > 0.15 GeVic, Ese 03 GeV _3'“" F pek 5 0,15 GeV/e, Y5 5 0.3 GeV Resu |tS fro m p p .
= gl <07, e < 0.7, 9% < 0.7 - R ] = g™ <07, = < 0.7, 1 < 07 - A ] = gL <07, g <07, | <07-R ]
[ SoftDrop: z,,=0.1, f=0 TR=02 1 [ SoftDrop: 2., = 0.1, f=0 TR=02 ] [ SoftDrop: z_, =0.1, =0 *A=02 ) ) ) ) ) )
o $A-03 1 o o FR=03 o wr-0s 1 7 distribution differentially in R and
i +R-04 i FR=04 - : +A=04 g
o 5 FR=05 4 +R=05 af +A=05 A p_l_
I =%, —— PYTHIA Perugia 2011 —— P¥THIA Perugia 2011 —— PYTHIA Parugia 2011
2l =S . 2 2
- e _ ! : no p; dependence at large p+
T am— Y gmaee E g o
= 13 E = 13k - = 13 3
S I = 3 FRE 5 12k 1 atlow p; R dependence ->
i g— ' R LR i
0 - 098 - 08c non-perturbative effects
0.7F 4 07F 3 0.7F =
0.6E = 0.6 ] 0.6E 1
0 07 0z 03 04 05 0 01 02 03 04 05 0

Zg

0.5
Z

Markus Fasel, Wednesday
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Jet substructure ALICE

Collimated Large Angle . :
AR<0.1 cut = Collmated o < rEe A recursive soft drop

splittings —
. PItHNg => follow the parton shower
- SRR TR " I g 10° g T T T T T T I T =
ALICE Preliminary 5 TR IGE Rraiinary ; SR
Anti-k; charged jets, A = 0.4 8 C POPD Y5y = 276 TaV - . N ALICE Preliminary ]
= 10° ggiﬂi‘“" ; Ie_DDGiewfo = o 10° = :‘:'t‘{g?" h“ F:;‘J:‘;Vj - = - PbPb y sy = 2.76 TeV .
-g SRR den =018 [; . B N £ SOHDIOP 2y = 0.1/ = 0 = 0.5 Anti-k; charged jets, R = 0.4 —
E ; Sﬁaa::‘e Uncertainty ] g - A % - - pir}ﬁ' < 120 Gl .
- 10 - | = Shape Uncertainty _| C SoftDrop 2., =0.18 =0 ]
® ¥8 PYTHIA Embedded 3 ©  10F &= PYTHIA Embedded > S 04f | —
% 1 e - = L N = - &= Shape Uncertainty 1
T — — © 03 =PYTHIA Embedded .
a L — ;| w (— —
107" = i ] ko) C 4 . .
U i 1y Ly | | o | [ % 10_12_ llllll T P T ' = 2_‘ 02? — —_._ i
= 15 . Q : . — - = .
: —«h 3 = 155 = — C »yF— ]
s ! E d = E 01— —- ]
a8 ° E T osE _\__ .- — .
& 505 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 = s : = —e=
05 0.10.15 0.2 0.250.3 0.35 0.4 0.45 0. O 0.050.10.150.2 025 0.3 0.35 0.4 0.45 0.5 A L =
g Zq ) oF 3
= E E
~ 1.5 =
. L le splitti hanced 5 :
arge angle splittings enhance S oor =
(n)] E E
0

« Collimated splittings suppressed

Number of semi-hard splittings
consistent with vacuum ref.

Nima Zardoshti, Thursday (plenary)
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Jet substructure STAR

* recursive soft drop => follow the parton shower

9 9
I_I T | T T T T | T T T T | T T T T | T T T T | T ] l_ T T T T T T ] . T, T ]
PYTHIAG: STAR Preliminary 7 PYTHIAG: STAR Preliminary -
8{-{GEANT Data _ — —{GEANT Data _ —
F| © % T Spii 2012 p+p 200 GeV ] F| © % 1 Spit 2012 p+p 200 GeV 1
70 O % 2 Spii anti-k, R = 0.4 E | © % 2 spii anti-k, R = 0.4 -
. k3 Split Ch+Ne Jets, i+R™ < 1.0 . © K 3 Split Ch+Ne Jets, hl+R™ <1.0 ]
- E_ 8 Recursive SoftDrop _E - E_ l; $1 Recursive SoftDrop _E
S sb ' Z,4=0.1,p=0 E % £ 2,4=01,B=0 E
% E 20 < Groomed Initiator E % E ‘_ 20 < Groomed Initiator E
= 4 :— ﬂ: (sub)Jet P, [GeV/cl < 25_: = 4 :— (sublJet Py [GeVicl < 25—:
- T s 3 1 - g . .
3:_ - _: 3:_ 5 oo g _:
2:_ S * S * * Q —: 2:— J*: ® | _:
: e] x & : - ® *® ¥ .
i Statistical errors only - 1= e .
E Uncorrected for Detector Effects E E _Uncorrected for Detector Effe_-c:s E
0_| [ IR A R T S RN SN S TR BRI B - O_ @ I I 1 | I I & 1 * ﬁ @ ]
01 0.2 03 04 05 0 02 04
Z, F{g

« Splitting changes from 1st/2nd -> 3rd
 Reproduced by PYTHIA

Raghav Kunnawalkam Elayavalli, Thursday (plenary)
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Jet grooming in Pb-Pb

. PRL 120
(Zcwt = 0.1, B =0.0): flat grooming

{Su = 5.02 TeV, pp 27.4 pb', PbPb 404 ub™

Centrality: 0-10%

T L L L LA B L B LU LR B B LR
1.6 CMS ____anl|-kT;F{=0.4, h]jetI{1'3 - SoftDrop p=0.z_ =0.1, AR;;> 0.1
C . 140<p. «<160GeV T " 160 <p_ «180GeV T 180 <p_ <200 GeV ]
14 % Tt - Tt T N TH .
R e Data T C ]
a 12 ¢ = T E
=y L X N ]
a8 N e __________T @& WS T T N ___]
n_ -
0 C
o 0.8 7

0.6 i JEWEL
W

= 1 GeVifn?, L =5 fm

0.4 g S T ’ Multiple medium-Induced gluon
[ = =3=2GeV/nt, L=5fm ] I bremsstrahlung (coherent):
R B B B L Lt L L R N R R R RN AR R RN RN Phys. Lett. B 345 (1995) 277
16F ' I ' I / 1 Nucl. Phys. B 483 (1997) 291
L -_ i T Nucl. Phys. B 484 (1997) 265
1.4F k. 200 < pT_ =260 GeV T T JHEP 04 (2017) 125
[ ' et I I
1 2-_ T T JEWEL.:
g 12 . T T JHEP 03 (2013) 080
E I + - arXlv:1707.04142
o I=-----== A Tt T arXIv:1707.01539
L0 r T T
a 08 - T Soft collinear effectlve theory:
- . T modified gluon splitting
0.6 T scET & T function: arXlv:1608.07283
- ~"% 1 Chien-Vitev HTgJ:dGe\."a‘fm‘ T 1
04F s /4. T g=18 == Coherent T _ Higher twist calculation:
o A T weam =22 == Incoherent I ] arXlv:1707.03767
v b v b b b T T v b v rr o e T v v b v e Lo |
04 05 01 0.2 0.3 04 05 0.1 0.2 0.3 0.4 05

Zg Zg Zg

* strong modification of z, in central collisions

* branching is more imbalanced Dhanush Anil Hangal (plenary)
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Mass of the groomed jet
(Zcut = 0.1, B =0.0): flat grooming

PbPb 404 ub! (5.02 TeV), pp 27.4 pb' (5.02 TeV) (zcut =0.1, B =0.0): flat grooming (Zcut =0.5, B=1.5): jet core
- CMS anti-ky A =0.4, h] <13 ] PbPb 404 ub™ (5.02 TeV), pp 27.4 pb™ (5.02 TeV PDbPb 404 ub” (5.02 TeV), pp 27.4 pb' (5.02 TeV
6l— SoﬂDmpz =01 |3 0.0 B o £l pp SLA00 L e_) C o ek)prg4ph{| 1;:}
= ﬁH,2>O1 . - CMS anti-k; R =04, h] J<13 15-CMS anti < ]
B === Data 160 <p_ <180 GeV ] - Soﬂ[}ropz —01 ﬁ UU— C SOftDrOpZ t_05 3—15:
4 Tjst 20—_ AFI »>0.1 7] C ARy, >0.1
= | BEEE= Data Centrality: 6-10% - =g=Data Centrality- 0-10% -
L L — Jewel (Recaoil off) i 10_— — Jewel (Recoil off) ]
L - -- Jewel (Recoil on) . L - Jewel (Recoil on) -
L - - QPythi - S QPythi -
2_ 0-10% 10— ythia N o ythia ]
o FHSgeppE-a—e—a - - - P
o £ a [ 140<p. <160 GeV .~ EFE o [ 140<p <160GeV - .
-D O 0__ = o . — '_‘T,JETD I o Bl e '—| l—' lllll - = - |_.._| _L“‘:"—'m'_‘ 4} E .—"""' T o =
% L F = .OE 0= B = gg 0= - - —
— — D_ - —1 — |
als 2L 10-30% = - 5 5L P S| 5 -
R e e e e e R - g [ 160<p, <180Gev /] e F 160<p, <180 GeV .
Ok E 2 = “pima=E = - ' |
AS R . 10F = 2 E|
B 30-50% _ )] B S = -
Ml Wt SN S '%, - 180<p  <200GeV - ] - 180 <p_ <200 GeV . .
’E . L 10 7 - .
2_ i ] : L2 : I I
- - 50-80% . i 200<p. <300GeV . ] - 200<p  <300GeV " 1
B e ] T RN R AT T S e T S N A -
% [ R B B |0| 1| [ B B B ID|2I T 00 01 02
. : /
M,/ p My Prjet
9° Prjet

« enhancement only for central Pb-Pb at large M /pr e

 challenge for models (stronger modification expected) Dhanush Anil Hangal (plenary)
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J/Win jets (pp)

pp 27.39 pb™ (5.02 TeV pp 27.39 pb™ (5.02 TeV

—
—

* Fragmentation function?

8_ T T T | T T T T T T | T T T | T T T ] 8_ T T T | T T T T T T | T T T | T T T _]
- Prompt J/y CMS : - Prompt Jiy CMS -
75_ W |<1 6 Preliminary _E 7§ 1.6 <Iy |‘~’-2 4 Preliminary _E pT;J/’l/)
6-_65f.p <35 GeV oat E 6l 3<p._, " 35 GeV oat = —
r - Data ] r - Dala . .
N 5:_Iyé <24 5-PYTHIAS 3 N :_Iygtl<2.4 5 PYTHIA8 3 PT,jet
o 2 25<p. <35GeV . S 9 25<p.  <35GeV .
Z I e . Z e .  Fraction of J/{ produced in jets?
=y E =y E P Jets’
<. 1= = s < . E e BP2T3OPV! (502 TeY)
" g : " : ] 1025_CMS Prom 3
C ] C ] c ptdy 7
of §= = ENCEEI ok — e - — [ Preliminary  Data -
15 — | . 15 — === 1 > 10'_ «PYTHIAS ]
3 e —— 3 00— E 5
O: | | | | | | | | | | | | | | 1 | 1 | | : O: | | | | | | | | | | | | 1 | | |_IEE_: .-.8
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 g . _
A Z o -
. . . . k=
Different behaviour in data and Pythia é,m—g— — -
J/Y are less isolated in data 7 [es<p, <3GeViorly, (<16 ]
10*2—3<p r<35Geror1E5<Iy I<24 =
CMS PAS HIN'1 8'012 0_I - 0_5 1|y I-||5 2 I
Jhp

« 2xmore J/¥in jets compared to PYTHIA

=> How in Pb-Pb?
Batoul Dibab, Wednesday
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Medium modification of FF

D(p ) — 1 dnCh —rer ———rrre Phys. Rev. C 98, 024908 (2018)
Niee dpr R = D(pr)pypy R. = D(2)pppy, o ZZATLAS O (J\.
DG = I dngy, [z = prcos(AR)/pi] P Dipy Dop D @p A ’ [ .' 0-10% 30-40% 60-80%
N, dz T 5

« relative enhancement of soft and hard fragments

e

Pb+Pb, {5, = 5.02 TeV

iy

- depletion of intermediate z fragments ool 126<p <158 ey | Y <2 oo
e m T =T~ anti-k, R=04 jets 25 pb™”
« peripheral collisions: pp FF recovered RD 10° 107 o 10% 10" 1102 10" 1
(z) . . .
2_5_ ‘ e . Fln‘,-g,‘ P'?""\C.Q.B’. 024908 .f_f:ora,al 25 . . - ‘_Tn}.& Rek,.lcg&‘ OET/QO.S F,)Hq
| ATLAS b1 <2.1antik, R=04jets | . | |ATLAS b ™ 1<2.1 anti-t, R=04jets | ]
=+ @ 126 < p? < 156GeV ] \'}J/ - SCET o1 data - . . _ .
g4 $ m < <o SPCIEE ! Medium response ~ p; scaling low p-
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(1/N ) (dN/dz)

ATLAS Preliminary

pp. 26 pb™, 5.02 TeV
Data, y-tagged jets

PyTHIA 8 A14 NNPDF23LO

) el
Data, inclusive jet (p'Tet =80-110 GeV)
I L | I L I -

_N
N |

Ratio to y+jet Data

ratio of D(z)

Photon-tagged FF in ATLAS

D(z = pr" / p7*)

 FFininclusive jets: gluon-dominated => softer

 FFin gamma-tagged jets: quark-dominated
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- - - - - 0 0 . Z
 More similar modification in peripheral/semi-central events

ratio of D(z)

« Larger differences for more central collisions => difference gluon/quark or selection effect?

« Detailed model comparisons needed
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Dennis V. Perepelitsa, Tuesday
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Photon-jet measurements

« Photon defines the initial jet energy v J\A‘g

« Strongly enhances quark jets

« Ideal for fragmentation and quenching studies

CMS Simulation Supplementary Vs = 5.02 TeV
T T T T T I T T T T I T T T | T T T

1.4_ I I
- == Fragmentation y PYTHIA 8 |
1.2~ Ey+quark ]
trk [ == ]
_ | jet|2 P - B ysgluon PP = ¥ e *
g =In b Rk

ptrk . p]et o P%rkprojectedtojetaxis

Event Fraction

v —|p% 2 50 100 150 200 250
g — In o' (GeVic)
T trk | 7
Pt Pt

Kaya Tatar, Tuesday

05.10.2018 - Michael L. Knichel Jets in QCD matter - Experimental Summary



Photon-tagged FF
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Photon-tagged jet shape

o | Lets trkg%] rh)(p“k/ Pr) Kaya Tatar, Tuesday
* In central collisions large Y T (A
fraction of energy at large R )

* Increased quark jet fraction in
gamma-tagged jets?

« or effect from different jet p;
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 More quark jets at larger y expected

Quark jets should lose less energy than gluon

jets

« But production spectra at forward y are falling

more steeply
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Deuterons in Jets (pp)
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How are deuterons formed in Jets -> Coalescence? Brennan Schaefer, Tuesday
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d binding energy: ~2 MeV

coalescence: p, = 100 MeV/c
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In order to coalesce, the p
and n must be emitted (last
scattering) at a separation
similar to the deuteron size
and with similar momentum.
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HARD

Summary of the summary PROBES

many measurements covering a wide range of jet observables presented at this conference
« also in pp there are still surprises

* no significant effect of quark/gluon differences in jet quenching

 energy from quenching ends up in soft fragments and large radii

« For many jet observables, peripheral AA and pp are very similar

=>no large CNM effects; no large jet quenching in peripheral AA

* With possible QGP in p-A (or even high mult. pp):
=> Will there be jet quenching?
=> How to measure it?

 new observables for jet substructure will provide additional insight

need for systematic model comparisons of all observables
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