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What | will talk about today\
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New! Focus on this more




EEC In jets:
pp 13 TeV (vacuum)



Energy-energy correlator

AR

Renewed interest in recent years

1 Pr,i Pt
F2C(AR) = — Z . 5(AR; — AR)

l,]

Two-point correlator:
Loop over all pairs
and tally them up




(General features

o Transition

npQCD




PR

EF2C Result

Larger jet pr
cms N o 36317 (13 TeV)
Transition region scales as x; « 1/p;
Large angle: pQCD, generally described by MC
Up to 10% across generators
Small angle: npQCD effect important, MC spreads out
| 133 (2024) 071903 7




E3C/E2C ratio in pQCD region

Ratio sensitive to a; —
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Expect flatter E3C, Calculation

or steeper ESC/E2C compatible with
forFI)arger ai data in pQCD region

JHEP 05 (2024) 043 8 PRL 133 (2024) 071903



Sensitivity to a;

cms | _36l.3lfb'l1 (13 TeV) .
o1l Data  — NNLLgyoctNP C ay(m,) 4102 0.8¢
W[ [¥]p¥: 97-220 Gev % 5 Eﬁo.?i
%151_ p%ez:330-468 GeV 47" 5 é i
L p_:_e:638-846 GeV (i »LEO.G
L[] 1101-1410 GeV : S ;,
1.4F g% % %05
’ 200 400 GOOPI:?(()E; el;))OO 1200 1400 1600
Characterize the slope — running of o,
Quantify eszect of different a(m,) by calculating
¥~ between prediction and data
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Sensitivity to a;

X’ = [0 (6)

Measured Predicted

— Ty (05, 0)] Vi [T (6) — Ty (2, 6

)] + 292,

X

Unfolding unc. matrix

World average a, (PDG2023): 0.1180(9) 10

CMS  Supplementary 36.3fb™ (13 TeV)

0: nuisance parameters g
for uncertainty sources

Consider only shape effect
INn the variations

O O N W & O O N © ©

01 0105 0.11 0.115 0.12 0125 013 0135
a(mz)

@l(m) = 01120010 f

—0.0030 o, from substructure!

\
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Jet EEC In heavy ions:
PpPb 5.02 leV

See more in prof RKE talk



Jets through the QGP

through QGP and interact

Energy spreads out >«» ,(<
4

— Cross section drops

Some general things to keep in mind:
1. Fragmentation change of the jet
y
v

High energy partons fragment *

2. Energy propagation through the
QGP
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How can we try to understand it”

One example approach

q/8
° ‘

e.g. JEWEL model

'Recoll” = particles knocked out + holes

fragments

./'

knocked out

medium particles

(Many other approaches not mentioned, e.g. CoLBT)

13




EEC In pp & PbPb

2
CMS 302 pb” pp (5.02 TeV)
i 120 < jet p_ < 140 GeV
N ;f*ﬂ*ﬁs anti-k; R = 0.4
= **** Inietl <1.6
@) B n=1 R
LL i pi“ >2 GeV e
L 1 B= pp data *11
- —— Pythia8 CP5 *
~  —— Herwig7 CH3 M
- Hybrid model
(I | | | | | | | || | | |
10 Data syst. unc. — — Data stat. unc.
> -
218 | mmm— e
218 TR T
— . ey
0.8~ I I
1072 Ar 107
pp at 5.02 TeV
Similar to 13 TeV result

EEC

Theory
Data

CMS 1.70 nb™ PbPb (5.02 TeV)
i 120 < jet p_ < 140 GeV
& $:‘:f.f T
10 - anti-k; R = 0.4
: n=1 E*E* Jet
- > 2 GeV T
p">2 Ge =
1= =% pbPb 0-10% e,
—+ ==

——
——

—— JEWEL, no recoils
—— JEWEL, with recoils

1.5 — — Data stat. unc.

Data syst. unc.

Similar gross feature

We take the ratio to isolate the effects

arxiv: 2503.

19993 — PLB
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EEC in PbPb within jets

Many regions of interest in PbPb

CMS 1.70nb" PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)

EEC 5\'\0‘?6 I =&= PbPb 0-10% / pp

—+— JEWEL, no recoils

~ # - —— JEWEL, with recoils
N ﬁ* o P> 2 GeV Larger angle

é% L p——— .
S A— e L > medium effect
| anti-k; R=0.4 ] :
P\)?\O - J<16 120 < jet p_ M40 GeV (eg reCOll)
5 2; - D;ta sylst. llmcl: I—I—IIIJata stat. llmc. | maore |mp0rtant
aR Tl Se
2E,
"o, o || Let'slookina

bit more detalls

Jet energy loss
— peak shift

arXiv: 2503.19993 — PLB 15 See more in prof RKE talk




Jet pr dependence

y I
1.70 nb” PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV) 1.70 nb™' PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)
. CMS 120 < jet p_< 140 GeV . CMS 180 < jet p_ < 200 GeV
15— anti-k; R=0.4 I’ 15k anti-k; R =0.4

®) @)
&|Q | CL|Q i .
folle} 0|0
ol B al B
- === PbPb 0-10% / pp - == PbPb 0-10% / pp
~ [ Hybrid, no wake h ~ [ Hybrid, no wake h
0.5 mmm Hybrid, pos. wake P; >1GeV 0.5 g Hybrid, pos. wake P7 >1GeV
A|:] Hybrid, full wake  n=1 | - ||:] Hybrid, full wake  n=1 |
1.5 Data syst. unc. — - Data stat. unc. 1.5~ Data syst. unc. — - Data stat. unc.

107
Ar

Similar trend at small angle (jet energy loss)

Effect at large angle bigger for lower energy jets

arXiv: 2503.19993 — PLB 16 See more in prof RKE talk



Particle pr dependence

Particle pr > 1 GeV Particle pr > 2 GeV

1.70 nb” PbPb (5.02 TeV) + 302 pb ' pp (5.02 TeV) 1.70 nb™ PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)
- CMS 120 < jet p_< 140 GeV . CMS 120 < jet p_< 140 GeV
15k anti-k; R = 0.4 15 anti-k; R = 0.4

IIIII

=== PbPb 0-10% / pp | === PbPb 0-10% / pPp
1 Hybrid, no wake h ~ [ Hybrid, no wake h B
0.5 gmm Hybrid, pos. wake p;' > 1GeV 0.5 gmm Hybrid, pos. wake p;' > 2 GeV
- [ Hybrid, full wake  n=1 - [ Hybrid, full wake  n=1 l
1 | I 1 1 1 | 1 11 1 I 1 1 1 I 1 1 1 1 1 11 1 1 1
1.5 Data syst. unc. — - Data stat. unc. 1.5 Data syst. unc. — - Data stat. unc.

1072 107"
Ar

Small angle dominated by higher p, particles in jet

Larger particle pr diminishes eftect

arXiv: 2503.19993 — PLB 17 See more in prof RKE talk



Where to look to isolate recoils?

CMS 170 nb"PbPb (5.02 TeV) + 302 pb' pp (5.02 TeV)

==— PbPb 0-10% / pp
_ —+— JEWEL, no recoils
2 e —=— JEWEL, with recoils

* Large angle 5‘ T e
O B P =
ol - -

e | ower scales

« Lower particle pr

Theory

This motivates the Z-tagged EEC study

18



/-tagged EEC:
pp & PobPb 5.02 TeV



| ooking further

Look into Z-tagged events

One sided: simpler topology

QGP

EEC(AR) =
1
VZ Z pr; Prjo(AR; — AR)

Vil TN

Charged
particles

Study full event EEC

All charged particles
within acceptance

No explicit jet finding

20



Mapping out angular scales

-

~
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Mapping out angular scales

éi 1000 [ hh"*ﬁ;"" v ...“A-.W.M...
/ 7 T vl sl N —
Large angle: inflation Small angle: diffusion
Intermediate: acoustics

22



Mapping out angular scales
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Selections

. Charged had
Lower scale than jets B
pr > 2 GeV
In| < 2.4
A S
pZ > 40 GeV High-ish
particle pr

Vil TN

24




Definition of “signal”

MinBias

/

Full event Signal Background

Do event mixing to remove unwanted contributions

26




Event mixing scheme

What we
want
I oo Mixing particles from the same
o PbPb Z event gives three
g contributions: S+B (S+B) =
S SXS +
o] B SxB
BxB / \
i S : | v s mixing in
PbPb Z Event ' PESE background
events

Notation: AXB = one particle from A, another from B

20




Event mixing scheme

Mixing PbPb Z event with
background event gives

two contributions:
(S+B)xB = +

i

Mixing with different
background events

PbPb Z Event

SxB

BxB (diff)

B

PbPb MB Event

27




Essentially. ..

PbPb Z Event

SxS

B SxB

BxB

S B

PbPb Z Event

Z selt-mixing

BxB

PbPb MB Event
o3}

B
PbPb MB Event

MB self-mixing

PbPb MB Event

B BxB (diff)

B

PbPb MB Event

MB with MB

S SxB
c
(0]
>
i}
N
0
o
o
ol B BxB (diff)
B
PbPb MB Event

SxS

What we want
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These are fully gen-level for demonstration

CMS Simulation Preliminary,

Event mixing demonstration

-aMC@NLO

107 F p >4OGeV pCh>3GeV -
~ 406 | V<24 " < 2.4 EEC, ;
< 10" ¢ Y " _EEC.-EEC,, f
D 10° F —EEC -EEC,, +EECMB+MB
S_D, 4 L Full comblnatlon ;

107 ¢
O  ,f :
W 10° F
LL! o f ]

10°

10 E
ol -

g 1
BT
AR AR AR
é é? B % B BxB (diff) é
2lel s 5 &8 + 5 i s BXB (diff)
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Analysis closure: 0-30%

Simulation: reproduce pythia from embedded pythia

C|V|S Simulation Prellm/nary 5. 02 TeV Blue:
cLa """"" DA AR AR A ;
p>4OGeV lyl<2.4 ] R
v 1o7E o= 2.200 GeV Wil <2.4 — (SHEIX(S+B) 2 Generator-level pp
- Centrality 0-30% — (S+B)xB -
106; PYTHIA BXB E
-~ & PYTHIA+HYDJET — BxB diff -
10°E | E
10*E =
S/B ~ 0(0.3%)
103§_ ‘ _
10°F ;
S I BN S N N N . Goodanaly3|s
O 05 1 15 2 2 ) 3 35 4
AR closure!
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Systematic uncertainties

Pileup

Muon efficiency

PP

Muon rejection

Track efficiency Dominant at small angles

PbPDb Centrality calibration

> Dominant for PbPb

Event mixing

Potential non-closure

31



/-tagged EEC Results



Overall shape (in pp)

/\ i
et Transition .
Small angle:

dominate by in-jet

NnpQCD Large angle:
beyond jet
: . I
et BEY i N

‘ >-H/\§s vesw |t

33




Result

-
‘ O O
CMS Prelminary ______ PbPb (pp) 5,02 TeV. 1.7 b’ (301 pb) | oo ififar oS
6000  pz>40Gev T T op ] SR e
< | yl<2.4 | " PbPb 0-30% | I & 8§
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O ¢
T} 2000 ph>2GeV T b ph>2Gev T | . PP >2GeV | D > 2| %0 6o &e
: i ° i te, :
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= 4000 | T4 l :
<} | |
O ] ] ]
I 2000 | p_‘;_h> 4GeV T 4 pih >4 GeV ] + pih >4 GeV ]
() .
Or | L ‘00.000_-_ ' ’oooooo- ‘
o - | H T | : '::::I' : __:g: I':I s | : :_ | N\
e | e it ) | Now we zoom in
s i Ll Ll ) .__. | T . . ) .__. | ) .I ) ._ ‘ .
107! 1 107! 1 107! 1 |
N N . to different parts
\
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Hign prresult

\

CMS Preliminary _

pZ > 40 GeV
V2 < 2.4
MmN <2.4

pih >2GeV ]

. PbPb (pp) 5,02 TeV, 1.7 nb! (301 pb’)

PP

PbPb 0-30% |
«PbPb 30-50% -
+PbPb 50-90% 1

pr > 2

pr >4

o?

S §
S o 5
00 00 e
Y *Y*) N Y*)

CMS HIN-24-019
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Hign prresult

-
6000 | Centrallty o 30% -__' Centrallty 30 50% -__'
> 4000 B 1 1 pZ > 40 GeV
o _ I + I Y2l < 2.4
52000 | I I ol < 2.4
B ch T . ch T -
L | p' >4 GeV : $ p' >4 GeV :
_ I . I pp
Or T 00000 PbPb 0-30%
. —+—+HH —t+———+HH +—it —+—+H-H —— | : + PbPb 30-50%
oo 1T ‘_4' oH... ¢ T
OO0 . ¢
D- O_. r ol ! r 1ol ! .__. Lol ! ! ....!I ) .__
107" 1 107 1
AR AR

Stronger effect in central 0-30% collisions
Suppression in the whole range

Conseqguence of the jet guenching effect

CMS HIN-24-019 36



Central result

2
o o
S Pl )..... PbPb (pp) 5,02 TeV., 1.7 b (301 pb) oo ififar oS
| Py >40GeV 1 pp ] SouRl )
lyl < 2.4 i | PbPb 0-30% | S o? ([?
Nl < 2.4 I T +PbPb 30-50% -
1 «PbPb 50-90%
| Il I ]
ph>2Gev T | ¥, ph>2Gev T . PP >2GeV | pr > oA IKY B EY BKY
T o 1 = j
: . | I:::HTI6 |
ERda L R U LA RS I SR R pT>4 CY) Y CY)
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9 T i
'Oo.ooo_“_ ¥ ‘oooooo-
HH N ARE 1 | g -+
R S T =
.....I l.?.ut ? + .__ ....I+T |.6.+..2I+ + ‘_
107" 107" 1
AR AR
\
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Central result: large angle

reliminary PP

6000 SM'S"Epgzl; 40GeV T PbPb 0-30%
. i lvl<2.4 T
O O D VI Much smaller amount of
9] \ I .
Qoo L gsscer | suppression for pr > 2 GeV
. 3 Doesn’t rise forever
£ of I

6000 Centrality 0-30% T

< 4000 1 Medium effect much
0] | I

Fo00l T s scev | stronger at lower pr
2 T | Extends to large angles
o or T

10T
AR

\
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Central result: large angle

PP
PbPb 0-30%

Much smaller amount of
suppression for pr > 2 GeV

pst > 2 Gev

ala 1F Doesn’t rise forever

S

al 0 -

péh > 4 'G.ev Medium effect much
VL stronger at lower pr

@] 1_I

SR |

al 0 -

Extends to large angles
AR

\

CMS HIN-24-019 39



/Z0om-In: small angle

i
O O
CMS Preliminary, . PbPb (pp) 5,02 TeV, 1.7 nb” (301 pb’) e fa" s
6000 | p§z >40 GeV 7 T op ) oyl ol D
<« vi<24 | | “Pbeoo-aon - e s
> 4000 ! Mfl<24 ! I T «PbPb 30-50%
3 | +PbPb 50-90% 1
5 I [ :
O T 1 ® . ]
1 2000 1 psh>2 GeV | , P">2Gev T ! . Py'>2GeV ] Dr > 2| %0 6o o
i 1 = :
et | I:::::TIé |
[TdatT g 00 pT>4 Y IREY’
T Centrality 50-90% ]
i + pih >4 GeV ]
é ¢ o 09 0 O 0—
:$: , | I' ps -+ i
AR 2 | 6+ ¢ ¢ ¢]
100 1
AR
\
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/Z0om-In: small angle

\

PP
PbPb 0-30%

N

Al

>
O

O
LLI

6000 Centrality 0-30% T

4000 |

2000 |

pih >4GeV T

1

pr>4GeV

AR

Downward trend small angles

Note: no jet selection effect

By selecting high p we isolate
hard cores of jet shower

Dominated by in-jet

CMS HIN-24-019
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/Z0om-In: small angle

PP

We are not

E EC‘| n-J et | PbPb 0-30% | the same

6000 - Centrality 0-30% T
CMS 170 nb" PbPb (5.02 TeV) + 302 pb ' pp (5.02 TeV) . i 4
- e |
=%= PbPb 0-10% / pp >
e —+— JEWEL, no recoils [} 4000 i T
2C <+ —»— JEWEL, with recoils Q) [
0 ) -y ¢h 2 GeV g
D.‘Q_ - 4 P; O - .
lo)](oX —F——__+f+f n=1
ol e . w1 2000 ch +
| anti-k, R=0.4 *I**f+“ﬂ+
25_ Data syst. unc. — - Data stat. unc. ———++H ———+++H —t
>| 1.5E O 1k L
3|5 + g
= Do 5 o Or T
OF Ll L
0:\ | ‘ | | | | | | | | ‘ | | —1
1072 10~ 10 1 |
Ar AR
|

Jet pr = 120 — 140 GeV p% > 40 GeV

\

Downward trend at small angles due to et selection

arxiv: 2503.19993 42 CMS HIN-24-019



Model comparisons

Jet quenching effect modeled as drag

; force on parton; the energy is then
luiday assumed to be thermalized and
propagate as wakes

Jet quenching effect modeled with
Jewel| |collision with medium particles; scattered
medium particles do not rescatter

See e.g. JHEP 10 (2014) 019 43 See e.q. EPJC 74 (2014) 2, 2762



Model comparisons: vacuum

CMS Preliminary _______ __ pp5.02TeV, 301 pb”
6000 | pZ>40GeV T T pp ]
B ' IyTZI <24 1 ] Jewel
o 40005 hif<24 Le 1. ‘F';’gﬂgn
2 BB I I _
fﬁ 2000 L, ph>2GeV T pt" >3 GeV ] — P> 4 GeV ]
L] _ L T 1 T 1 L T _
O -_. AR | ._._.._._._.._I. ._“_. gl .7.7 .T.i.i..il__. ._“_. gl _._ .7.7.....I
00 qlrmmme o —— o ——
e - g o - e e
m-e O_. Lol L Lo aaaal L .__. Lo gl L Lo aaaal L .__. Lo gl L Lo aaaal
107" 1 107" 1 107" 1
AR AR AR

Comparison of vacuum modeling (Pythia-based)
Opportunity to improve vacuum modeling at large AR

\

CMS HIN-24-019 44




Model comparisons: PoPp

_PbPb (pp) 5.02 TeV, 1.7 nb”' (301 pb’)

CMS Preliminary____

~

CM

p > 40 GeV Centrallty 0- 30% pp
c |yz| <24 Hybrid PbPb 0-30%
= hehl < 2.4 —Hybrid PbPb
g 2p " ' T T positive only
Hybrid z - rovae
o
T f 4 I
- p?h >2 GeV T ps">3 GeV T pCh >4 GeV .
L ......I_1 L L ....I_1 L | L - raal L L
10 AR 10 1 AR 10 1 AR
CMS Preliminary____ ___PbPb (pp) 5.02 TeV. 1.7 nb” (301 pb’)
p > 40 GeV Centrallty 0- 30% pp
= IyZI <24 Jewel PbPb 0-30%
g | ch| <24 —Jewel PbPb
o 2r M ' T T positive only 7
J ewel 2 — no recoil
_5 i 1 |
&U — I— I -_l_'_‘—|:|_ '_'_'_I_l__l-"__l_‘—|_|_ , Ny 4
- pS">2 GeV T ps">3 GeV T pCh > 4 GeV .
....I_1 L ...I_1 L | L - raal L L
10 AR 10 1 AR 10 1 AR
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Model comparisons: PoPp

CMS Preliminary____

PbPb (pp) 5.02 TeV. 1.7 nb™! (301 pb’)

~

CM

I p > 40 GeV Centréllty 0- 30% pp
= IyZI <24 Hybrid PbPb 0-30% o
= hehl < 2.4 —Hybrid PbPb
g 2r M T T positive only b <
2 — no wake O
s | -
A L A — At o
Models lpz2atV § | pp>sGev T T epeaGev T
107 1 10™ 1 107 1
: AR AR AR
underpredicts
EEC a | lttle b It CMS Preliminary . PbPb (pp) 5.02 TeV. 1.7 nb’ (301 pb’ b
I 40 GeV Centrallt 0- 30% pp
at small angle . | %~ Conuptty
3 el < 2.4 —Jewel PbPb —
s 2p M T T positive only ()]
2 —  no recoil E
Pl ol o | |8
0 P pe =2 GeV T p®">3 GeV T pCh > 4 GeV .
T....I L L il L L .-.r....I L ool L L raal L L
10™ 1 R 10™ 1 R 10— 1 R
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CM

Model comparisons: PoPp

-

CMS Preliminary____

PbPb (pp) 5.02 TeV. 1.7 nb™! (301 pb’)

I p > 40 GeV Centréllty 0- 30% pp
= IyZI <24 Hybrid PbPb 0-30% o
: = e < 2.4 —Hybrid PbPb
HYbrld Wake s | 1 1 ﬁgs\:\fg’fe"”'y | §_
> _
Spectr g | .}
pectra too soft ¢ [ . 7 = Y =
- pSh > 2GeV + poh > 3IGeV p- pCh > 4 GeV ;
....I_1 L i Ll L | L ...I_1 L f | L | - ol _._.J
10 1 AR 10 1 AR 10 1 AR
Recolls harder  PbPh (op) 5,02 TeV. 17 0ty (301 b
; I p > 40 GeV Centrallt 0 30% pp
1N J EWE I_ £ Y2 < 2.4 Jewel y PbPb 0-30%
3 el < 2.4 —Jewel PbPb —
§ - M T T positive only D
] o — NO resTi
Medium effect| = | - N | 2
. T . e o "—'*—*-.._n—F'_'_'_-""__' e i cl
dominant at PO T Y e |
10° 10° I 10‘ |
large angle *H *H R
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Concluding Remarks



summary

EEC: Separation of scales
E2C & E3C in jet across wide kinematic range

pQCD region: a, extraction from substructure!

\
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summary

PbPb |ets

CMS 1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

i == PbPb 0-10%/ pp
o —+— JEWEL, no recoils
2*#447 —— JEWEL, with recoils
Lo e p">2 GeV
oo ASe— 1
o r e o
1 :..ﬁ:.t___ -
| anti-k; R=0.4 e
i Tnietl<16 20<jt?T<1 0G
2? syst. — - Data
| (1.5, —+
S|% e _—
2If 1 EES——— e
=1 o5 i
0 L1 ‘ 2 Il Il Il Il
10
_Ar

Lower angle: energy loss/jet selection effect
Recoill eftects start to show up at large angle

Systematic study of scale, particle p; (and more)

alAv: 2803 19903 — il B 50



summary

/-tag, full event
s B b b B

- | % :] Gontr

§ ooooo | vl: ph>
g " T
Map out the full phase space to AR =4

No jet selection effect: high pr shape in jet core

Interesting to push to lower particle p; + more data
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Slope of E3C / E2C
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Looking forward to new upcoming measurements!
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Difference to Z hadron

Z-hadron EEC

Relative to Z Hadrons relative

1 to each other
Effects at specific

directions

Angular scale

Vil TN

See talk by Y.-J. Lee next 54



EEC In pp across enerqgy
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13 eV jet measurement detalls

. 2016 pp data, 13 TeV, totaling 36.3 fb~!

o Clustered with anti-k;, R = 0.4

o Leading dijets, || < 2.1, p;=97-1784 GeV

« Both neutral and charged particles, pr > 1 GeV

* Unfold for detector response

« E2C and E3C measured with statistically
iIndependent samples
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/ hadron track distribution

CMS | ﬁ 5. 02 TeV Pbe 1 7 nb pp 304 pb1
_ E & PbPb Cent.70-90% . =~ Cent.50-70%%  Cent.30-50%®  Cent.0-30%
S [P reipp s g '
> U3 R .g 1
()] - ()
Q) i . 900
= 1w ~? ; ° . "ol ;
~ L)
£ " ) «°
vl °
T 1010 F pZ > 30 GeVic ° 3
-2 Iz T .
>§ ®
Hybrid SCET,
Jwio wake [JCoLBT 7
% w/ wake ‘
. -
P i i O
o
®)]
[l
N
70 15 20 25 10152055 107550 25 50
ptrk (GeV/c) pfp‘ (GeV/c) pT;k (GeV/c)

57




Note on Z EEC matching

* We use HF energy
3 < |n| <)) as
proxy of event activity

e Signal also deposits
some energy in HF!

* Estimate with pp data with one reconstructed vertex

e This difference Is then taken into account when
matching events with Z and minimum bias events
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Pyguer

comparison

Ratio to vacuum

PbPb (pp) 5.02 TeV. 1.7 nb’ (301 pb. )
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pr > 3 GeV result
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Z pr spectrum
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NINL L aporox result

Relative difference

E3C/EEC Ratio

p—
N

[a—
N

f—
N

p—
(=

vy,

6 pp— jj@13TeV anti-k & Ry=0.4

pe € [300,350] GeV [n| < 1.5

NNLLapprox
NNLLapprox

-~ NN LLappr()x

-
e

as(my) =0.112 -
as(my) =0.118 |

as(my) =0.124

Relative difference

E3C/EEC Ratio

—
(o))

—
N

it
N

—
(=)

vy,

6 pp— jj@Q13TeV anti-k & Ry =0.4

pi € [500,550] GeV [n| < 1.5

_— —
-
™

NN LLapprox
NNL Lapprox

NN LLappmx

-
-

-
-

ag(my) =0.112 -
ag(my) = 0.118

as(my) =0.124

62




a, detalls

The best fit value of ag(my) is 0.1229100075 (stat) 70 00as (theo) 7o 0052 (exp), where theo and exp
stand for theoretical and experimental systematic uncertainties, respectively. The central value
is determined by minimizing the x? with respect to the nuisance parameters, simultaneously
varied, and the uncertainties are given by the ag (1) values that lead to x? values exceeding the
minimum by 1. The high precision stems from the cancelation of most E2C and E3C systematic
uncertainties in their ratio. The largest sources of uncertainty are the renormalization scale in
the theoretical calculation (2.4%) and the energy scales of the jet constituents (2.3%).

—

X = [T (6) — T (25, 6)] Vi [0 (6) — T (5, 6)] + 1 67,
J

o +0.0014/ .y . 1\+0.0030 +0.023
agmz) = 0.12297 551, (stat) " 5y33(theo) Ty joz6(exp)
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Photon-tagged fragmentation

IS\ = 5-02 TeV, PbPb 404 ub™, pp 27.4 pb*

rrrryrrrryrrrryrrrrJyrrrrJrrr1r|yrr1rr[rrrriT
I [ I I I I I

" p! > 60 GeV/c, | < 1.44, A¢jy>78—n CMS |

10 [_anti-k; jetR =0.3, p’f‘>3o GeVic, 7| <1.6 ]
:ptT"‘>1 GeV/c i

=~ + 8 - _
NyL L |
3z ot i
Z 6 o —
© -30-50% HE =2 g
B (+4) . F *ooE
Z [+ - I
— -10-30% o .
-(+2) - e + oo

o | ¥ =) EEII e +_|

o Ei: oS ]
L0-10% o + PbPb =0

0 ¥ F (£ | pp (smeared) _

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

LA L L L L L L L L BN BN

R i ¥ 1

Q [ 30-50% (+2) o 4°
- B S O .
f E u L
- 10-30% (+1) .

o) AT m 4 ]
£ 2 = CRSNAE. CRREL Rt . + 1
qp o0 ° e

[ e @ e 8 §

0 : | | | [ | | | :

05 1 15 2 25 3 35 4 45

65







