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Disclaimer

 This is NOT a theoretical description of what the N-point energy
correlators are! - see recent comprehensive review article by
Hua Xing Xu and lan Moult - https://arxiv.org/abs/2506.09119

 Experimental and phenomenology point of view - why should we spend
the time to measure something?

* This is evolving! We are learning more about these features and we will
see some steps for the future!

e This is also not an exhaustive review of *all* measurements

Rithya KE @ BNL, Nov 2025
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Plan for today

 Why did we do this
measurement?

e \What are the different feature
spaces of this observable”?

e How did we do this
measurement?

e \What have we done to
understand what we see?

 \WWhat are some next steps?



Projected ENC

EiE'

J
1 d(zjets ZiijpT,]etz)

Normalized EEC = - < EE; d (AR)

Energy weighted pairwise distance of particles within your jet (or the event!)
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How exactly do we plot this? -

Step 1 - reconstruct your jets!

U
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How exactly do we plot this?

A
: Step 1 - reconstruct your jets!
E ........................ | Step 2a - decide OoNn an aXiS _ jet?or WTA

Step 2b - draw a circle around the jet axis
and choose your particles
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How exactly do we plot this?

Step 3 - find pairs!
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How exactly do we plot this? i

Step 4 - Fill all pairs!
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Feature space for projected ENC 7

EE;
dl X Jets Zi:t ] 2
: 1 PT,Jet
Normalized EEC = —ElE] d (AR)
z:]ets z:l:f:jpTJ 2
» Energy weighted pairwise N
distance of particles within ; DGLAP style
your jet (or the eventl!) ordered parton
Hofman, Maldacena JHEP 0805 (2008) 012 shower
Dixon, Moult, Zhu PRD 100, 014009 (2019) Can be used for
Andres, Holguin et. al PRL. 130, 26, 262301 (2023) 2] preCi sSe

Andres, Holguin et. al JHEP 09 (2023) 088
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ENC ratios 1in the large angle region
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e Measurements from 100 - 1000 TeV jets!

Includes both tracks and calorimeter towers
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ENC ratios 1in the large angle region
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L) ' 1 L) L) ] 1 T L) ] 1 L) L) ] 1 L)

]

* Data

277200 400

CMS 36.3 b (13 TeV)
—rrrrrY Ty - TTTT] T TTTTT T r—
' 0.8
,[ ~* Data : = Confinement : =
Q 10°F == pYTHIAB CP5 (p. ord.) 8 g | - Q|
| | — LL]
- —— HERWIG7 CH3 (ang. ord) '€ — 2 = 0.7
10F e SHERPA2 | mpr—tmg,_ 1O i @ @
a1 Tay T e 0.6
1 | | : ® E |
nall| : : s
Free | , | : o 0.5
10~ hadron ' Confinement .
o0 i it
< e 0.4
T 11F - —
s —-
o 1 ——= 0.3
O ® o = -. — e e
..(; 0ol ¢ ® "X'.xl o 8 men o
s p£: 97-220 GeV p:7: 1101-1410 GeV 0.2
Y R .
-3 -2 -1 -3 2 1
10 10 10 X, 10 10 10 X,
+0.0014 + 0.0030 + 0.0023
e a, = 0.1229 stat th exp

Rithya KE @ BNL, Nov 2025

—0.0012 - 0.0033 — 0.0036

600 800 1000 1200 1400 1600
,DJTet (GeV)

CMS Phys. Rev. Lett. 133 (2024) 7, 071903
(81 citations as of yesterday)

11



Differences 1n MC with higher exponents!
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Parton flavor dependence!
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Having a quark vs gluon fraction
results in varying shapes at
large *AND™* small angles!

Zhong Yang, Nuno Madureira,
LA, RKE, XNW arXiv:2502.11406
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Back to data o 1

PbP T
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 Enhancement at the large angle - indicative of medium response

Rithya KE @ BNL, Nov 2025 and recoils but unclear if there are other effects - such is reality!
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Too much background on top
of your signal!

See his talks @ QM?25, HP24,

Mainz 24
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The good @ The bad @ The ugly
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Background subtraction method

N\

. Minimum bias |
| event - M1 |

Jet triggered

—> p

Minimum bias

S + M1: signal+fake together with mismodeled

fake+fake
e SS + SB + BB - thats what we start with in Data

« M1+ M1: properly modeled fake+fake
e SM1 + M1IM1 - M1M2 - gives us the

background we need the subtract! e M1+ M2: mismodeled fake+fake

Rithya KE @ BNL, Nov 2025

event - M2 |
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Similar physics
as one
Increases the
exponents or
adds In a track
pt threshold

Models do not
all reproduce
the variations In
the observables



Feature space for projected ENC

EiE
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)~2 1071

Rithya KE @ BNL, Nov 2025

Highlighting ha
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Similarly shapes but intriguing differences with

pQCD based shower variations



Feature space for projected ENC ~U

El-Ej
. 1 d zjets ZiijPT,]etz
Normallzed EEC = - E.-E. 4~
i”J d (AR)
Z]etsz' ] o

 Energy weighted pairwise
distance of particles within your
jet (or the eventl!)

Realistic jet!
 Potential separation of scales -
can we actually visualize physics
of multi-scale processes?
Intermediate angle >

0.001 0.01 0.1 1
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Potential common scale for the

21
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L1ght vs Heavy Flavor jets! -

| Hudson Mills
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Clear shift in the peak at fixed jet momenta for varying parton mass!

Scale of the peak is no longer ~ A cp/py but its rather Ay cp/pr + F(m,, E)
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| ight vs Heavy Flavor jets! “°

Resurrection of the dead cone!

MEEC
o
O

- NashvilleHI-LIIi(gjzogcl\ljgg student | ® Inclusive + Fitting the EEC transition

B SSMV program . o peak with an exp decay!
0.4/— —— . bb |
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B PYTHIA-8 dependence on HF jets at
031 RHIC as we are much

i Anti-kt R=0.4 jets closer to the b-quark
0.2 mass energy
; 13_ » Accessible at RHIC but

s unsure if it will be done -
E ) definite discovery
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EEC
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1.70 nb™ PbPb (5.02 TeV) + 302 pb™' pp (5.02 TeV)

120 <jet p_< 140 GeV
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Back to Dataz4

 We now have a direct
evidence of PbPDb jets starting
at higher virtuality

Shows selection bias which is
iIsolated to a specific region
and can be corrected

No correction! . -

v e S vl S S 4%—%5@5%$$ PP == o 45
¥ = MWMW

R

J Holguin, C Andres, J Viinikainen, RKE PRL 134 (2025) 8, 082303



EEC
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1.70 nb™' PbPb (5.02 TeV) + 302 pb' pp (5.02 TeV)
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Back to Dataz5

We now have a direct
evidence of PbPDb jets starting
at higher virtuality

Shows selection bias which is
iIsolated to a specific region
and can be corrected

Ao(Ru) = [ de penfgke (Re (1+5202)))

pT

% 1.15_ ................................. =®= ......... NOCOrreCtIOn' _g

e M%a@;%w oo Btos
: : MWMW

e =15 GeV
G

R
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On the way!

|
- Differential studies on
E jets out to larger angles

Full event EEC and also
transverse EECs

____ __ R

Rithya KE @ BNL, Nov 2025
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Increasing the E exp-
power (1,2), (1.5, 1.5)
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e ——— e e . ‘w

e e ‘:J




Extending to the full event -
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p+p s = 200 GeV

anti-k, R, = 0.4 | < 0.7] WE E C in p — p

44.75 GeV < p_ < 45.25 GeV
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Laurynette Griffin [she/they]

laurynette.grlfl;/n_@vanderbl/t.edu 43 GeV < jOt pT — < 45 GeV 1 Transverse EEC
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« Whole event EEC in z does not have the similar shape as e e~ due to rapidity
spread along the beam axis - Transverse EEC removes this effect and looks perfect!

Rithya KE @ BNL, Nov 2025
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p+p s = 200 GeV

anti-k, R, = 0.4 | < 0.7| WE E C in p — p

44.75 GeV < 61 < 45.25 GeV

Laurynette Griffin [she/they]

laurynette.grif/;in_@vanderbi/t.edu 43 GeV < jOl pT — < 45 GeV 1 Transverse EEC
O = . oy
L = , £ p+p {s = 200 GeV
L(l\.‘l : 43 Gev < ,Ot p'[. wb“.mm < 45 Gev 8 anti-k, R, = 0.4 n < 0.7|
< £ L ”
10 k- L . 44.75 GeV < p_<45.25 GeV
- Eheedetec, charged constituent p_ > 0.2 GeV 5?1 10~ 3GV <jotp, ___ <45 GaV
E :"f - & E 43GeV<jelp = <45GeV
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E *-':_‘_ - : o
o PYTHIA-8 s —=— ISR on MPI off PYTHIA-8 . .
- Preliminary — ISR off MP| o Preliminary  — :
10~-6 wl 0 el vul | IR NYT TR S TP COMGRRESE G WomeTely LN Y e PR
10" 102 0.5 1-107 1-10" o 107 102 0.5 7T - 107 T-10"
z=(1-cos(0))2 Ad

 Adding ISR - similar to adding a small background in the middle region but
doesnt overall effect the shape

Rithya KE @ BNL, Nov 2025
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laurynette.grif/;in_@vanderbi/t.edu 43 GeV < jOl pT — < 45 GeV 1 Transverse EEC
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* Turning on MPI - Huge increase in overall background! Shape modification
consistently across a very wide region in z and A

Rithya KE @ BNL, Nov 2025
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p+p s = 200 GeV

anti-k, R, = 0.4 | < 0.7| WE E C in p — p

44.75 GeV < 61 < 45.25 GeV
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* This is still not a realistic pp di-jet event! We selected significantly narrow
jet momenta range in both the leading and sub-leading jets!

Rithya KE @ BNL, Nov 2025
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e Realistic background at
RHIC energies completely
destroys the signal!

e \We need to subtract
O(1e3) background

 Our methodology
reproduces the signals
with percent level
deviations

Rithya KE @ BNL, Nov 2025
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How about a more realistic case?

i = anti-k, R,e,_04m<07|
o B piub=lead 5 9 Gev a— 31.2GeV <=jetp_ <40.7 GeV
S nstituent p_ > .2 GeV
5| 107" J
& . . o
5 Prellmlnary » 40.7 GeV <= jet pn < 60.8 Ge\
/g -p.> 0.2 GeV/c 0.5 GeV/c ni<1
951 5" o e Transverse Rnik =06
=° [ 'PYTHIA6 (STAR)  In 1<0.4
S | . PYTHIA 6 I
N < PYTHIA 8
1
05~
j '}MMQJQLmLﬁm¢M}@@ﬁ;T@m¢ ''''''''''' ......... ,,,,,,,,,, ,,,,, ,,,,,,,,,,,,,,,,,,,
® #*
_ STAR p+p@200 GeV
% 10 20 30 40
Leading jet p_ (GeV/c)
STAR PRD 101, 052004 (2020)
More energy in di-jets,
implies less for MPI
vl e sl ey |

10"5 = s,
10 1072 0.5 P | " =10

Rithya KE @ BNL, Nov z = (1 - cos(0))/2
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Dealing with triplets!

E3C pp; Npu =200; 120 < p. < 140 GeV

10 — I I I I I I I I | I I I =
= --“::5::- Q.—_
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— e g
:  — am— :.I.:.l... =
10_2 — | *HIHH'H p—
— — W —]
(og = A e e ';*:;.:*_. ,_x_,wm =
B = oS —
LL _ e _
= e PYTHIA-8 =
B anti-k. R=0.4 Events ~
1074 & . | ‘ all particle p_>1 GeV —
— . A m Jetcone only =
B e Signal + signal + signal _
107 ® ® = =
— + SBB =
B * BBB Z
10—6 > | | | | I 1 | | |
10° 10~
Ar

Rithya KE @ BNL, Nov 2025

» Estimate the impact of
the heavy ion underlying
event with multiple pileup
minimum bias events

» Significant correction
needed especially when
one considers the amount

» Lets try with the existing
bkg sub method and see
If we can expand it!
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Jet triggered
jevent

- ,

 What you measure = SSS + SSB + SBB + BBB

« TJotal Background = SSB + SBB + BBB [SSM1]
+ SBB + BBB [SM1M1] + BBB [M1M1M1] -2 *

BBB [M1M1M2] - SBB - BBB [SM1M2] + BBB
M1 M2M3]

Rithya KE @ BNL, Nov 2025

. Minimum bias
| event - M1

Minimum bias |

l | Minimum bias
event-M2

30

Note: these are from unique triplets!
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Performance of the subtraction

E3C pp; NF>U =200; 120 < p. < 140 GeV

10 § | | | | | | | | | | | | §
- R -  These are all the relevant
1= . ‘ . .
s e = combinations
= . l—A—||+:+| s “%
107 = e s f
: o R » There is a specific
L T e ﬂ < condition that we need to
(ap : * ' "“"*'-IH#* r+4'*"*=+ -
© el T e e - correct for -
107 = . BV B PYTHIA-8 E
— — _x—-—+~l_+_|"*" anti-k; R=0.4 Events —
— v +— all particle p_>1 GeV —
T e o leteneony » The mere fact that you do
S e L dimbedTemedt jet finding results in your
— ¢ et + mixe + mixed 2 | .
R ——  lined 1+ moed2 s mxeds S background estimate
— o ixed 1 + mixed 1 + mixe — ) .
10_6 — | | | | o + Mixed 1 +Imixed1 +Imixedl1 — needlng to be adjusted
107 A 10”

Rithya KE @ BNL, Nov 2025 Note: these are from unique triplets!
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Performance of the subtraction

E3C pp; NPU =200; 120 < p. < 140 GeV
| |

£ r ' T T T T ' W
%Q I Preliminary | * Very good estimate of the
i | T, : background through the
L > entire region of accessibility
- : - (experimentally)
i PYTHIA-8 y
- antik, R=0.4 Events ' * Sub percent non-closure until
! al partcle p, > 1 GeV . we get to the large angular
I e Signal +signal + signal region (which is the region of
o rachetkoh@vanderbif s Corrected interest for wake physics)
_ | | I T | | L
— ' - ' R RS, RM, RL should be
S  — > S N _;,f-_*_-z.,,.;.:._t._:-_qt‘f,.??;%____g measurable similarly!
0.981- S B (€, ¢ not clear at this point..)
107 107 log10(Ar)

Rithya KE @ BNL, Nov 2025 Note: these are from unique triplets!
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Correctling 3-track correlatilons

Normalized E3C

10‘1E
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Gen

1.0

0.5}

107k

+ Gen
"+ Reco(2 part correction)
- + Reco(3 part correction)

| llllllll

| lllllll

| llllllll

>

| lllllll

Zhong Yang [he/him]

zhong.yang@vanderbilt.edu
| | |
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| | |
| | | | | |
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E?_>_‘3_.e+eev%

| | |
| | | | I | |

-+ Reco(2 part) / Gen ]
+  Reco(3 part) / Gen

1072
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R Rm Rs

 Need to develop new set of 3-track corrections
which are inherently multidimensional (jet
momentum, track 1,2,3 momenta)

 Methodology seems sound at the simulation
level - currently underway in measurement!
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Measuring till the edge of the jet! 9

1l ey | = R=02 [ : : : -
- - R=04 | e Selecting a jet axis and extending out to much
- = R=08 | larger angle results in significant loss due to
- | jet finding not giving you a perfect circle!
O == |
ool * This effect is intrinsic to anything that uses jet
| PYTHIAS, 5 = 5.02Tev ~_ | finding (can be calculated)
1120 < pr < 140 GeV i_e_f
005] P> 1GeV “1 e« This is a big issue for increasing the degree of
Sy O S precession in HI jet substructure
71T 0.95- . 3
S |~S ] | :
Slo 0.9- 3
=& 0.85- - "
::r_\go\ 1,0—2—0:0:#:0W -------- _
7|7 0.954 . |3
e ] -
5SS 0.9
S 1E 0,85 F ‘
: . — ] ‘ ; = Zhong Yang [he/him] Benjamin Kimelman [he/him] Jussi Viinikainen [he/him]
0.02 0.1 Ar 0.4 zhong.yang@vanderbilt.edu benjamin.kimelman@vanderbilt.edu  jussi.viinikainen@vanderbilt.edu
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Where are we now!

* Why did we do this
measurement?

 What are the different feature
spaces of this observable?

 How did we do this
measurement?

 What have we done/are doing
to understand what we see?

« What are some next steps?

Rithya KE @ BNL, Nov 2025

Expected to see unambiguous evidence of
angular dependent energy loss - we did not

Varying regions with dominant effects from
pQCD, npQCD and a ‘universal’ scale - maybe

Background subtraction was imperative and
needed a statistical ensemble method - works

Phenomenology studies of jet flavor, E
exponents, edge effects... - many areas of
exploration underway!

Stay Tuned!
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EEC

\s=200 GeV PYTHIA-8 Signal
Thermal Background<pT>= 0.42 GeVic

N°"=1500 Ini<1.1 = 0-5% Central

A
—A- Rachel Koh, Ben Kimelman,
—A- Jussi Viinikainen, RKE,

In preparation

1072
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Anti-k; R=0.4 20<g"<30 GeVic_ _o " o
rac -
p.~>0.3 GeVic N _._+_._+ g :4;_:_"_._

Total

PY THIA + PY THIA

PY THIA + Thermal

Thermal + Thermal

l l l l I_I_I_I_l
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X 12-15

Benjamin Kimelman [he/him]
Benjamin.kimelman@vanderbilt.edu
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correct for observable.

ing par
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ALICE’s EEC 1n pPb and PbPb
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What are 3-point correlators?

Rithya KE @ BNL, Nov 2025

[Komiske et al., PRL 130 (2023) 5, 051901]

CMS Z011 Open Data

K¥Jets, | < 1.9
€ [500, 550] GeV

ed Hadron EEEC

0.006

0,005

0.004
().003
+0.002

=000

— 0,000
[.0

0.0 0.2 (.4 0.6

Compilation by Hannah Bossi and Ananya Rai

Ry R Upper right corner is
s populated with
R equilateral triangles

Bottom right corner is
populated with “flat”
Ry triangles

= — P = arcsin\

1

 (RL—Ry)’
Rs

* Projected 3-point correlators onto the larger
angle side RL can asymptote to 2-point

« ¢ and ¢ are sensitive to different shapes of
particle fragmentation within jets



R, Rs, Rw 46

JEWEL 2.4.0 + PYTHIA /s = 5.02 TeV

Pb-Pbr, 0-10% e Preli
Pb-Pb nr, 0-10% 3 e, reliminary
R —4— :_._
p-p R porE T T
.. L 0.06 i— ¢++ e
vacuum 0.05;— i e —.—:':_._ -
Q@2-evolution 0-04;_ RS . e
R p - = . .
o | : — " e +:': A
JEWEL %, s, MR-
_ g e antl kT R O 4 Jets ..
dasticscatteing i evoltior ‘ S o5l
without ¢“-evolution ™ BRI o iy _ %:
| op | f_§§¢+¢¢ 120 < pTt < 140 GeV
w/ recoils + thermal subtraction N
0 —
107

w/0 recoils

Similar behavior to 2-point correlators with slight difference at the larger
angles - enhancement seems to be smaller with 3-particles!

Rithya KE @ BNL, Nov 2025 Note: these are from unique triplets!



R, Rs, R 47

JEWEL 2.4.0 + PYTHIA\/s = 5.02 TeV

Pb-Pb r, 0-10% S 000 . Prelimi
= reiimina
Pb-Pb nr, 0-10% i £ + Y
P-p 0.07%— + = :_._—'—
0.06 — .
- —4— . T
0.05 — ——
2vacuum = _+__,_ +:: —e
- ' 0.04 — -
_ R*-evolution = :#: e .
///» \ 0.03 ;— —— ++' +:8:+. .
JEWEL 0.02 =4 T +++
o= antli-kt R=0.4 Jets .
elastic scattering __ wii:ﬁf::icc;czsz[jzgn €|Q_ 3.5 %— | | | — | |
: 2 : - - Q 3E-
without @"-evolution LPM-suppression 2l 2g§—i 1 20 < pT < 1 40 GeV
2Et . ——*]
. . 1'5§_ ++1i++ __________________________________________ _._++ _________
w/ recoils + thermal subtraction . BERER A e e
. 0F2 | | | | - l_1 | |
w/0 recoils ' ' A

* As we go to smaller distances - Ru - we see enhancement start to creep up
again! Deviation from w/o recoils happens at larger angles...

Rithya KE @ BNL, Nov 2025



R, Rs, Ry 48

JEWEL 2.4.0 + PYTHIA \/s = 5.02 TeV

Pb-Pb I, 0-10% 5 | Brefimina
Pb-Pb nr, 0-10% T Y
p-p 0.08 ::,_—-—_'_ i—-—
Qz\f:\c/g:jur:ion 0.04 :— i"—_.—
_ N 1 - R=0.4 Jets e,
elastic scatiering -~ [HESSHe SEUCTEE ' R
punilas il 2 LPM-suppression o 2:3%; 1 20 < pT < 1 40 Gev ++
2 - e
w/ recoils + thermal subtraction e,
. OFZ | | | | l — l—1 l l
w/0 recolls 10 10 A,

» [ argest enhancement reserved for the smallest side of the triangle! And also
showcases the deviation goes to smaller angles!!
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Sensitive to particle p7?

JEWEL 2.4.0 + PYTHIA\/_ 5.02 TeV

49

S o Pb-Pbr, 0-10% R
B Pb-Pb nr, 0-10% A ae .
ooy et 0-p N anti-kr R=0.4 Jets
. Dahil C -~ 120 < pr< 140 GeV
0.06— . 0.06 — .
o + - w/recoils + thermal subtraction =+ -
- ~—__ W/orecolls - -~
0.02— N = 0.02 — PEre
|_Pre//m/nary | ++:E::+++ - Pre//m/nary S ++:f+¢¢
Tl 42— e ég: 4§: 2
: Z§: Track pt > 0 GeV . : Zj§§: Track pt > 1 GeV -
1 % %E—_zz_!——t—:cﬂ—.z.w_:‘: ................................. ++++++ ___________________ 1 % é;—_'_ -
0.8 . TR e e st 08
107° 107" a2 1072

* Increasing the track pr results in reduced enhancement at large Rs

Rithya KE @ BNL, Nov 2025



Sensitive to particle p7?

JEWEL 2.4.0 + PYTHIA \/_

5.02 TeV
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5 o Pb-Pbr, 0-10% S oo,
N Pb-Pb nr, 0-10% N .
0.08 __¢__:_++i—o— P-p 0.08_— — i—‘— antl_kT R:O.4 JetS
o S = T 120 < pr< 140 GeV
0.06_— o 0.06_— :':—o—
o + - w/recoils + thermal subtraction -
- ~ . w/o recoils - T .
0.02 - . 0.02 - :::—_:_.__._
- Ty - T
_Preliminary | ++:E++ _ Preliminary f ::$+$+
o 42: = a 4§:
: 3= Track pt > 0 GeV s | 3= Track pt > 2 GeV
2E- e 2E- "
1.9E=— P e 1'52: _____ e S
| S s e | S s = = ST
1072 10~ R, 1072 10~ R,

 Even going to pt > 2 GeV we still see modification - which we did not see in E2C!
Rithya KE @ BNL, Nov 2025
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How about the ratios of lengths? ¢&

Pb-Pb r, 0-10%

Upper right corner is
populated with

0.1

equilateral triangles Lu%: 0.09; Pb,Pb nr' 0-1 OO/O
Bottom right corner is 0.08 i_
popuI?:ieac:] g\}/\llgcg “flat” 007 i_
o.osf—
= —— ++¢=.=
R _ 2 0.05 — —— . g
Ry E= R_S ¢d = arcsin\/ 1 R ZRM) = —'—f—:EEE;';a;EE;,;
M R: 042 : ==
e anti-kt R=0.4 Jets
0.02%—.— 120 < pT < 140 GeV
« Shows an enhancement at smaller & - E Preliminary
we see larger smaller RS in heavy ons . 18; _ \W/ recoils + thermal subtraction
compared to pp - expected from having SE 1eE W/o recoils
more lower pt particles in the pbpb jet! 1;;+
-
. 0.85 0702 03 04 05 06 07 08 09
What about ¢? ° ! ‘

Rithya KE @ BNL, Nov 2025



1.3

Double Ratio

1.2

1.1

—

O
©

O
o

Double ratios!

PbPb PbPb
- (R; > 0.2)/ (0.01 < R; < 005)_
—, PP PP
B |_ Large RL Small R
1~ 1120 GeV < Jetp_< 140 GeV!
- anti-kt R=0.4 Jets USSR S
- -+-_+_—+— T JEWEL 2.4.0 + PYTHIA4/s = 5.02 TeV
:l L 1 1 | L1 1 1 | L1 1 1 | | 1 1 1 | L 1 1 1 | L1 1 1 | L1 1 1 | L 1 1 erelllmInar)/ll ‘
0 01 02 03 04 05 06 07 08 09 §1

Rithya KE @ BNL, Nov 2025

e Selection on RL seems to
iIndicate a shape we are
familiar with!

e These are ofcourse
normalized so the integral is
consistent
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Controlling the shape of our triangles

rKoqmal.-PRHSO@:zjle;o:j:ﬂ f&e Upgg; 3%?23_‘35?%? is EEEC(¢ Pb'Pb I, 0'1 Oo/o
_ G Ry > Soulsleralinangles s E Pb-Pb nr, 0-10%
% 0.09;— p-p
i 008
0.072— anti'kT R=O4 JetS
2 o0s=—120 < p1 < 140 GeV PENSE
R £ = Ry B . \/ (R, — Ryp) — gt
L = ¢ = arcsin4 [ 1 005 —e—a—t=""
e JEWEL 2.4.0 + PYTHIA\/s = 5.02 TeV
0.03—
* Very surprising! Potential invariant - W/ recoils + thermal subtraction
under JEWEL'’s energy loss soiE- W/O recoils Preliminary
Sla 1asE T e
e \Why does this happen so? Is it a 22 1055,

_ _ , o I S S S
cancellation effect with change in 0955 - RS
jet pt and possible quenching? | S

¢

Rithya KE @ BNL, Nov 2025
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Controlling the shape of our triangles

Upper right corner is
populated with

eduilateral triangles EEEC(9) jet p. €[120-140] / EEEC(9) jet p_€[160-180], 0%-10%
S & | g Frefiminary 1
F anti-kt R=0.4 Jets !
: ' [120-140]/ [160-180] GeV
R cf—ﬁ - i \/ (R — Ry 1.05/—
L = ¢ = arcsin4 | 1 - e
Ry R 4 + 4 + 4
b P R
» \ery surprising! Potential invariant 0.95] +-
under JEWEL's energy loss 0_95_ JEWEL 2.4.0 + PYTHIA/s = 5.02 TeV
| D e ... W/ recoils + thermal subtraction
 Why doe_s this happe_n so? Is it a “Ew/o recoils
cancellation effect with change In o8l L e L L
jet pr and possible quenching? ¢

Rithya KE @ BNL, Nov 2025



How to see modifications 1n phi?

PbPb PbPb
(Ry > 0.2)/ (0.01 < Ry <0.05)
Pr PP - (R~ Ry)"

O — o
= = _
C 125 — Large R /Small R ¢ = arcsin 1 o
o - 1120 GeV < Jet p_ < 140 GeVl | it ~| 4 RSZ
o 1.2
" s anti-kr R=0.4 Jet T
- anti- =U. elS -
IS ! T » Selection on RL seems to
11 indicate an enhancement of
" 08E- + | larger ¢
— ——
A e L | |
= <+ | L * Relatively small effect - if you
0.95— —9— - :
= 1+ have larger RL, you end up with
0.971 | | 14 larger ‘equilateral’-like triangles...
085t T - JEWEL 2.4.0 + PYTHIA\/s = 5.02 TeV
R T T ,P(e{’m’”ary\  These are ofcourse normalized
S N so the integral is consistent

Rithya KE @ BNL, Nov 2025
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How to see modifications 1n phi?

1.15

Double Ratio

—
—L

1.05

0.95

0.9

0.85

PbPb

Pb
R, > 0.2)/

Pb
(0.01 <R, < 0.05)

Rithya KE @ BNL, Nov 2025

— PP PP JewEL 2.4.0 + PYTHIA /5 = 5.02 TeV . ( RL — RM)2
- 1120 GeV ¢ Jet p, < 140 GeVl :;:jj :L,/,/:,l: ::L‘ —o— ¢ - arcsm\ I- T
- anti-kt R=0.4 Jets — 17T s

- R, > 0.3 |

- e .  Example of a cancellation

B —9— —— _

- T . effect that results in an RL
—O— +++ —— BinE . .

T TT7| T s+l integrated ¢ showing up as
3 T4 T unmodified...

— —9—

- —o— ——

- —9— ++ —9 o

T 4 T T  Would be very interesting if
- —r— .

S 0.01 < R, < 0.05 different methoFis of energy
_—lPIl’ellIn?I,?alyl | | | | | | | | | | | | | | | | | | | | | | | | IOSS ShOW up dlﬁerently In

0 0.2 0.4 0.6 0.8 1 1.2 1.4 N SUCh ObserableS!

56



