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jet quenching

* Raa tells us jet quenching is

iImportant but it integrates over o | ATLAS  antik, R =0.4 ets, S, = 5.02 TeV

everything except the jet o Jrr-

momentum - +1.15ij:¢ g, e |
T e %

» the focus of current e s

measurements is to understand B T

how quenching depends on the: A = . — _
lyl<2.8 = 0-10%

. structure of the jet 2015 datas Pb+Pb 0.49 o™ pp 250" (70 S0se

_ M _ L, [60-70%
* amount of QGP the jet sees oW =0 W p. [ngg



geometry & fluctuations is key in the soft sector
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geometry Is different In jets

e the jets traverse the entire QGP lifetime as it expands and cools

* both the geometry of the QGP and the sensitivity to it (via the overall
strength of quenching) change as a function of time.

 we measure the jets only after quenching



measurements sensitive to path length

e correlation of jets with the event planes

e sensitive to overall event geometry & path length differences on the
scale of geometry of the initial state.

» dijets: hard scattering produces ~balanced partons—we measure
Imbalanced jets in PbPb collisions

 pA: how small of a QGP can cause energy loss”?
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measurements sensitive to path length

e correlation of jets with the event planes

e sensitive to overall event geometry & path length differences on the
scale of geometry of the initial state.

» dijets: hard scattering produces ~balanced partons—we measure

Imbalanced jets in PbPb collisions

 pA: how small of a QGP can cause energy loss”?

this is a biased selection of results and is in no way comprehensive
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measurements of the
jet rates as a function

of 2, 3 & 4th order
event planes

sensitive to the path
length dependence of
jet energy loss



Jet vn: analysis procedure

* rapidity separation between jet & event
plane > 2.8

2 10-20% ATLAS
L , - 0.14 Pb+Pb s~ =5.02 TeV, 2.2 nb’’
o JUfStIerd b%seq og (F;YTI—(IjIA studlhes ?(f N :i ° anti-k, R = 0.2, Iyl <1.2
OT away side et & data driven checks i} < 71<p_ <79 GeV
lC- 0.13
e only use outer half of the ATLAS FCal S
for event plane (in other
measurements full detector is used) 012

e et momentum is unfolded
. . o . 0105775 "2 25 3
e |et position resolution is greatly improved .
by using small R = 0.2 jets 21%5" - ¢!
2111.06606
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jet vo

N | | |
> " ATLAS anti-k, R =0.2 _
0.06~ Pb+Pb 2.2 nb" \s,, =5.02 TeV yl<1.2—
: i
004_ R 4 —
o % B 4 ¢ v2 > 0 observed for all but the most
e ! : 1 central collisions
0.02f ! # N Jt I**%g* -
o— ____________________________ J ____.%_451*_ 1 * V2 decreases with increasing pr but
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[0.02] mm= 10055 S 15000y o 15057 <198 Gov up to at least 250 GeV
- —e—158<p < 200 GeV -200<p <251 GeV -

B —,-—251<p <316 GeV +316<p <398 GeV

-0.04 ' ' ' '

40-60% 20-40% 10-20% 5-10% 0-5%

Centrality

2111.06606
38



centrality dependence of jet vi

* Vo largest In mid-central collisions; consistent

with O in the most central collisions 2111.06606
>c 0.08_ | | | —
: C - V =
* v3 ~1% for mid-central/central collisions 0.07F ‘F‘)‘;— Jl::tfz - M<p, <398GeV -
| 0.06F s, =5.02 TeV =, E
* for both v2 & vz the centrality dependence 0.055 anti-k, R=0.2, lyl <1.2 =, =
is similar to that of hydrodynamic vn 0.04F . v, E
which is driven by the initial collision 0.03F- ¢ E
eometr TTp e =
9 d 0.02F I -
. H | 0.01= . . . 5 =
suggests the same geometry plays a - =
significant role in jet quenching 02—4“*‘4 """"" e
~0.01F -

* V4 COnSIStent Wlth O -0.02 40-60% | 20-40% | 10-20% | 9-10% 0-5%

* larger uncertainties from poor 4th-order Centrality

event plane resolution



comparison to previous measurements

< 01ef WP
* full Run 2 data & jets provide 0.1+ Pb+Pb |5,y = 5.02 TeV, 2.2 nb™" =
large increase in precision and 0.08F- anti-k, R=0.2, lyl <1.2 =
Kinematic range over 2.76 TeV 006 #L) 20-40% -

~ ¥ | -
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o b S E
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comparison to theory
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a picture of dijets

\

\

\

leading jet: very short path length thourgh the
QGP, nearly no energy loss

subleading jet: lots of interactions through the
QGP, stronger quenching of the jet
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dijets at 2.76 TeV

e shift from balanced jets to 85 [0710% | 100<p <1266ev] [ATLAS | 12<p <158 Gev:
. : : LS . 1 Eanti-k, R=0.4 jets :
imbalanced jets makes sense in a 3Ee 1F o
surface bias picture “F T e ——

15— o asg;f P | E ._—o-"';“‘gh_‘ —

* however, these distributions are BB 10 B :
sensitive only to the shape (area o] BB
normalization) B8 T stap, <200Gov] Fyomo27etev b o200 Gov.

S 3_ _,] [2011PbePbdata, 0.14nb' =¥

: 52013 pp data, 4.0 pb™ E

e which jets are actually being “F - 1 ——
? Mpgeena= ===t 4 = IR
suppressed- SN L aE o

5 N 0'52_ ek _ _ 4 - _

e also, what’s that peak" e <. TN :
0.3 04 05 06 07 08 09 1 03 0.4 05 0.6 07 08 09 1

1706.09363
14XJ = momentum of jet 2 / momentum of jet 1



dijets at 2.76 TeV

 shift from balanced jets to §§3_;‘;a-';a;/;"""'"1'(;(;';',;;;;';'2;;'(;;;- ATLAS  126<p_ <158 GeV:

imbalanced jets makes sense in a e j e -

surface bias picture i T e —

15— . E‘E;;i‘j — 1 E _O_—F_._;_._Et=_. —

* however, these distributions are 1/ b TE e E
sensitive only to the shape (area LI . [ 00 .-

normalization) L 158<p_<200GeV] f|s,=276TeV  p_>200GeV

o O

* which jets are actually being “F - 1t —=+3

: ] e o ==

suppressed? H: , T _; s =

0.5F [T 1 F BRL=™* =

* also, what's that peak? T I - Eos;t%iﬁ'éé"6'é"67'"6é"6é"x'51

1706.09363 J J

14XJ = momentum of jet 2 / momentum of jet 1
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effect of UE fluctuations
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Run 2 dijet measurement

* use the same jet cuts as the 2.76 TeV

measurement & compatible binning to facilitate
direct comparisons

 the leading pr jets in the event have |P1-D2| >

71/8, |yiet| < 2.1, other events are rejected from
the measurement

 fully unfold in pt1 & p12, X4 = pr2/pT11 constructed
from unfolded pr1 & pr2 distribution

2205.00682 5
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comparison of 5.02 TeV & 2.76 TeV

(% - 4_| | | | | | | | | | | | | | | | | | | | | | | | | | I_ % - 4_| | | | | | | | | | | | | | | | | | | | | | | | | | H
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Xy distributions have consistent shapes at the two collision energies
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comparison of 5.02 TeV & 2.76 TeV

o

Ao “Foronrosrs | ATLAS : _
© . 350 100<p_ <126 GeV anti-k, R=04  — Is there an enhancement of
12 g = imbalanced dijets or a
2.5 - suppression of balanced
o E dijets?
15} TR
1F 1 —
05" - E:ggé ToV: 014 1 E to answer that, look at the
O U | absolute rate of dijets, not

06 07 0.8 09 )
the relative rate

X
e
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most jets > 100 GeV are in dijet pairs

PbPDb collisions

pp collisions

o 1.8 . . . o 1.8 , , -
2 - ATLAS anti-k, R = 0.4 - o} - ATLAS anti-k, R = 0.4 -
g TOL o ldnglers pp 260 pb” E g 1O = leadingjets Pb+Pb2.2nb" -
0 140 —— subleading jets I - @« 140 —— subleading jets o -
[ ' '[ ~—®— leading + subleading jets s=25.02TeV 7 s "'IF —=— leading + subleading jets 0-10% ]
S o lyl<21 - S o0 lyl<21 Sy =5.02TeV 1
O n b - ¢ | >7m/8 . O C b - & | >77/8 -
S || e Hen SR B L = S 1—------- 1.2 B LI B S =
O B N | u _ [ [ N | u _]
@ - = . S - u

e § 08 [ L awmmmmmaaa
0.6 " ° — 0.6 E
0.4 - 0.4F -
- E B B g- u N
0.2:— R = = § = §E ®E ®m ®E H H '—: 0-2:_ g m ®m ®m ® H m m ®E ®E E m =m H lE
O_| 1 1 1 1 | O_| 1 1 1 1 |

10° 2x10° 3x10°  4x10° 10° 2x10° 3x10°  4x10°
p=e [GeV] p= [GeV]

at 100 GeV over 80% of all jets are included in a leading dijet pair; at 200 GeV it is over 95%
at a given ptr most jets are leading jets, rather than subleading jets

since the bulk of the jets above 100 GeV are in dijet pairs, the overall rate of dijets must be
suppressed at a level similar to that of inclusive jets
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new method for studying xy

1 deair . .
area normalization
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new method for studying xy

AA
1 dealr . . 1 dealr . .
. area normalization A absolute normalization
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new method for studying xy

AA
1 dealr . . 1 dealI' . .
- area normalization v absolute normalization
Npair  d Xy <TAA>Nevt dx;y
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absolutely normalized distributions show that balanced jets are preferentially suppressed
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viewed In this way the “peak”

suppression of balanced dijets
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398 < p11 < 562 GeV
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dijet suppression picture

1076 200 < pT11 < 224 GeV
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dijet suppression picture

1076 200 < p11 < 224 GeV
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dijet suppression picture
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most of the quenched dijets must
be moved to a lower prt1 bin

since the overall jet rate falls quickly with pr,
they make a small impact on the lower pr1
selection



dijet suppression picture

most of the quenched dijets must
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overall suppression of leading/subleading jets

0
Raa of leading jets after integrating over all subleading jet x, 0-10% central events
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920500682 leading jets are significantly suppressed in central collisions
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comparison of leading/subleading jets to inclusive

24
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overall suppression of leading/subleading jets

60-80% central events

25

0-10% central events
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significant suppression of subleading jets in all centrality bins
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overall suppression

of leading/subleading jets
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what is the small size limit of jet quenching?

®)]
[l
Q
—

new ATLAS paper looking at
jet-hadron correlations in pPb
collisions;
still no evidence of jet
quenching in pPb collisions

this lack of suppression highlights the importance of the OO data at STAR & upcoming LHC data in
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1.2

0.9

0.8

2206.01138
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understanding the small path length limit of jet quenching
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e the kinematic reach of the LHC measurements has

been key to extracting the physics

* with sPHENIX we will be able to fully exploit the RHIC
luminosity and have large samples of jets in pp & AuAu
collisions over most the available kinematic range

Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks |z| <10 cm |z| <10 cm

2023 | Au+Au | 200 |24(28) | 9(13) 3.7 (5.7) nb~! 4.5 (6.9) nb~!

2024 | pTpt 200 |24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45 (62) pb~!

4.5 (6.2) pb~! [10%-str]
2024 | pT+Au | 200 - 5 0.003 pb~1! [5 kHz] 0.11 pb~!
0.01 pb~! [10%-str]
2025 | Au+Au | 200 |24 (28) | 20.5(24.5) 13 (15) nb ! 21 (25) nb~!

both sPHENIX & the LHC jet measurements are
necessary to constrain the physics of jet quenching
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inner HCal insertion June 2022
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-

RIKEN BNL Research Center

Predictions.for sPk

Hosted by Brookhaven National Laboratory
July 20-22, 2022

https://www.bnl.gov/sphenix2022/



summary

precision measurements of jet vo & non-zero jet va shows quenching Is
sensitive to path length differences of the size generated by €3

pbalanced dijet rated reduced in PbPb collisions
new strong limits on the effects of quenching in pPb collisions

challenge: all the measurements shown here integrate over all the jet
structures; would be extremely powerful to disentangle these effects

new opportunities with LHC Run 3, OO (STAR & LHC), & sPHENIX, along with
Increasingly sophisticated theory make the next several years an excellent
time to study jets
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LIDO compared to data
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key to bench-mark models and
data in the reference system in
addition to heavy-ions



Vn systematic uncertain
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