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Hard and soft processes
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=%0910.1146/annurev.nucl.57.090506.123020

In A+A collisions

EA « Npart

* EA scales nicely with geometric centrality

* Bin events by EA and get bin average
Npart and Ncoll

Jets « NCO]]
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* Suppression of jet yield per N.qy in high- = Vo : S Skt
EA (i.e. central) events is an important [
signal of QGP formation
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ATLAS Physics Letters B 748, 392-413 (2015)
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=%0910.1146/annurev.nucl.57.090506.123020
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In p+A collisions
Strong effect on jet yield per N_.,; when binned
by EA

N ZEjet

Depends on x, (~ 7 )
* Startsat x, ~ 0.1 1
* |In tension with jets-per-trigger measurements at S)

lower x,, at ALICE 1

Motivates high-x, jet measurements at RHIC

* Lower pr reach, but measure jets up to x,, ~ 0.5
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Measuring event activity (EA) at STAR

* Measure the jet (& possibly triggers)
* Measure EA elsewhere, separated in 11-¢p phasespace

s e
52 o B~ g e
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Results:

trigger  recoil-

side_jetls

Using:
* EA (high-n) (EAgg()
* EA (transverse-p) (EA )
* or both (EAggcNEA )

— charged jet spectra per
trigger are suppressed in
high-EA events relative to
low-EA events
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How can charged jet spectra (per trigger) be
suppressed at high-EA?

* Trivial autocorrelation
Jets selectively contaminate EA signal at
high/low-EA?

* Jet quenching at high-EA

* High x,, scatterings (= Trigger/jet spectra
formation) correlate to EA due to effects
before QGP formation

Au nucleus

Al
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How can charged jet spectra (per trigger) be
suppressed at high-EA?

* Trivial autocorrelation

l eetivel . EA cicnal
—highdew-FA2

* Jet quenching at high-EA P

* High x,, scatterings (= Trigger/jet spectra
formation) correlate to EA due to effects
before QGP formation -

Au nucleus

Al
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Results: no recoil-side bias in jet quenching (EAggc)

5|8 | e (7Bm<ladk e STAR Preliminary
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r 8 GeV trigger in BEMC
$Veg  BCeVvosermBENO S
1 *' .
— ———% ,’.
05 i ?
0 - | | | L | |
0 5 10 15 20 25 30 ) 35
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* Not like jet quenching: trigger-side and recoil-side equally
suppressed
* No surface bias/path length dependence of observed jet yield suppression
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esults: no broadening of acoplanarity with EABBC
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Not indicative of jet quenching
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How can charged jet spectra (per trigger) be
suppressed at high-EA?

* Trivial autocorrelation

l octivel . EA cicnal
—hishHew-FA?

* Jet quenching at high-EA ?

* High x,, scatterings (= Trigger/jet spectra
formation) correlate to EA due to effects
before QGP formation -

Au nucleus

v
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How can charged jet spectra (per trigger) be
suppressed at high-EA?

* Trivial autocorrelation

—highdew-FA2
o o hish-EA
* High x,, scatterings (= Trigger/jet spectra
formation) correlate to EA due to effects
before QGP formation -

Au nucleus

v
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“Hard” trigger suppression in EAgg deciles
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David Stewart

EABBC East Small (arb' unit)

For measurements of X per trigger using both
triggers [0.08,0.30] ( = + -*-), any X
produced only by (-*-) would be “suppressed”
in per-trigger normalization by ~30%
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How can charged jet spectra (per trigger) be
suppressed at high-EA?

* Trivial autocorrelation
l ectivel . EA cicnal
—hishHew-FA?
. : : : . >
* High x,, scatterings (= Trigger/jet spectra
formation) correlates to EA due to effects
before QGP formation

Au nucleus

A
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Summary-Outlook

. . 2 pT
* EA correlated with x (: )
p VSNN

= Biases pr-spectra normalized per trigger

* Jet mass and acoplanarity are not
EA-dependent

* Within precision of measurements, jet quenching not
observed

* Opportunity to probe initial state conditions

* Mechanism behind correlations not yet known:
 “Simple” energy conservation?
e “Color transparency” / shrinking proton?

Au nucleus

* Communication between successive p+nucleon collisions?
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the end
Thank You!
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Backup
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Measure di-jet momentum asymmetry vs EA

jetiead jelsublea
* pr balance of leading to o lea */¢
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dependent
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
=1:1:1

* Njets:Ntriggers:Nevents

* Forjets ~30 GeV/c:

Shigh—EA _
Stow-EA_~NJOW A
oW ----m-emem-- 3906 total events =ee : T -
Fl 208l = high-EA * In experiment, normalization is set by all high-EA
g@ S 06— —+ low-EA and low-EA triggers: 0
E zuﬁ 04 — &§=k high— ~VU. ~1.2
2 ° 02— S, N
| high—-EA __Je N ‘
........ 9 20 30 4 Stow—EA Jow—FA ~ (0.84
-pr 'jet‘o(hlgheStpT jet with |¢’jet a ¢trigger| > §n> Jets Pr ~30GeV triggers all events
. ot
. er J€e . —
\M ~16% suppression of 30 GeV/c jets
side jet from EA to Q2 correlation
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PHENIX Results
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PYTH'A SO—EO%EA/SF}’O—QO%EA W|th and W|thOUt d|Jet b|aS

4+ Using "opposite-side” BBC for EA sorting reduces
suppression by ~constant factor for outer and full, but not

inner, BBC
< u{d —————————————————————————————— = BBClnner
% § = BBCDuter
Sl o -+ BBCy,
~ .l
D15 BB inner-opp. :
outer-opp. :
flJJ!:QPR-.-----é
BBC-outer :
| 30 ' ‘&EABBC-inner E
ch ‘&EABBC-TUII :
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Suppression persists with BBCj,ner EA selection

+ Smaller expected dijet

Recoll jets (IPjer-Puigger >(//8)M) kinematic effects in p+Au

—L
S

5 g - -5 Ratio BBC,,., collisions than pp
3 3 12 prw ~o- Ralio BBG, collisions, due to multiple
ool R . —# Ratio BBC, .
I B - R soft collisions measured
- i : i
08 T 4%]7 with hard collisions
06 :_ TAR Preliminary _‘;}_—ﬁ"ﬁ— ,—£ i
O L prauy/m = 200Gev S + Suppression of
0 4 | anti-kt raw charged jets
4 — R=04,In.l<06 '
B nc::n-back:;rcnundsubtracted SD—SD%/S?O—QD% perS|StS
— FE+ = 8GeV/ctrigger in BEMC . '
02 :_ st;tistir:al errr::n;n::?rﬂ'_,-r W'th EA SE'E‘CUOT’I by
D _I | | | | 11 | | | | 11 | | | 11 | | | 11 | | | | 11 | | | 11 | BBC”'}HE[O’F BBCDLIter

0 5 10 15 20 25 30 35

P?hjﬁ:ﬂ.d CeV/o instead of BBCy,
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How to compare jet spectra

a. Per Ny, (inclusive):
* Measure all jet spectra
e Sort by EA into centrality bins

* Compare to pp jet spectra scaled by N, ,
from Glauber model

| b Per-trigger (semi-inclusive)

I * Measure p + Au — trigger + jet + X
e Separate into EA bins
I * Measure jet per trigger spectra (S¢4)

* Compare spectra in high to low EA (Sga_nigh/SEa-10w)

C. Per—jet (shape) Foel oy o iy
 Compare shapes in different EA bins 3"
. . . - 2‘_’0‘25
Example: jet mass distribution i
* David Stewart ~ DNP 12 October 2021 e




Data: BBC Event Activity Selection and Jet ¢ binning

* Jets:
e anti-kT
* R=0.4
* |n|<0.6

40
Event Activitygg

Binned in A in /8 slices from the trigger s,
Jet spectra (S) presented in this talk are 2 7
raw uncorrected, detector level /

. . . . .2, &
Tracking efficiency is EA-independent &
negligible underlying event % &

So-30%ea/S70.90%e4 €XPECted to be

insensitive to corrections %

o W
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Suppressed recoil & negligible transverse spectra
z| 2 15 Detector level uncorrected
E P ? Open Markers: 70-90% EA
sile: 8 Full Markers: 0-30% EA
T |30 * —o— (7/8)n< | Ap |<n
12 E g&' 4 (4/8)n< | A |<(5/8)n
pd — . - —o— —%— (3/8)< | Ad |<(4/8)n
I ol G —¥— (2/8)n< |Ad |<(3/8)n
»n 10 = —E— (1/8)n< | A |[<(2/8)
. ——
10'35— —O0—
10-4;_ . Full Markers: High EA:
\ 0-30%
13— e At “jetlike” pr (>~
< g, ol ﬁAum=20(r)yGeV=2OOGeV * At Jet like P (> 8 GeV/c)
Clat At raw charged jets transverse A¢ (background)
non-background subtracted o« e .
5 eV trigger n BEMC negligible compared to recoil
P PR
. ; spectra |
= background correction
15 20 25 Sginets-raw(%%wc) negllglble fOr SO-3O%EA & S7O-9O%EA
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So_300%/570-90% all A bins e

=| 2 Detector level ted - i .
5 g % :i gSTAR Preliminary DE-:: ﬁ;r%?s?%?éﬁia Full Markers: ngh EA:
Flsl E S = 200 GeV Full Markers: 0-30%EA 0-30% a7
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% 1.6 :_fiff}_ - relative to low EA
APS - :
14w - : i
1 2@3 + n.b.: These are charged jet spectra; the near-side
1—______*_* _______________________________________________________ +——— jets have a neutral energy fraction (NEF) bias
08F =3 ———— * because near side must also always contain the
0.6 : ' neutral trigger
04F _ o : .
0.2E 4+ This NEF bias is not presentin the recoil jets
= A I B B S R B B - - - .
c 10 15 20 o0 20 25 + This NEF bias on the near-side is expected to
ch decrease at higher pTj
ijet_raw{GeV! c) g PTjet
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Geometry: Jets/N_., over all b are as expected
2015 & 2016: R, /4+A consistent with unity

ATLAS & CMS ALICE
L Tl s e ——— PHENIX

10O
>
PPb |sy, = 5.02 TeV 15 ALICE p-Pb \[Sy = 5-0;2 TTV 15 102 ; . : 1.
15+ — I'CI'I Charged jets, anti-kq, |17, | < 0.5 ] = ‘, — 2 i
L 1= Reference: Scaled pp jets 7 TeV P g - P(H)ENIX d+AU, SNN 200 G?///V % = é
|= 12 440 @ nti-k,, A=0.3 | iE
| ﬁ IGlobal normalization uncertainty — 1 1 - ant t 0 3 J///;1: /_ é
1= F 1= N _ ' » 13
-4l LIt e F*’*+:ﬁ+'§“ ] //,I/,///{;,,/y//ﬁ;,,%,,’%y '-‘i
1ok 162 ¢ g 7 AR
| 12t ot [Nl 1
| e CMS (0-100%), |, |<0.5,R=03 ,S E gon: 0.9 "a Rl /;'//7‘-"- /4 1=
| ) ATLAS (0-90%), |y, | <03, R=04 | g ] ’g C o o ~ : =
- 1= - 7 — o
05 _] [ 1 o 2 I LT T T T LT - -
53‘0 2050 1160 200 300 - Resolution parameter R = 0.4 — - 08_— Data, 0-100% " ""tTTtrereeea,,, *. - §
[GeVic] S I R B B B B - == EPSOO (Eskola ot all - . .. T, 12
e 20 a a0 8o a b "" EPSIESRCta) ..eiossangara)
. FerE sy, ' 1
Pr.cnjr (G 10 20 30 40 50°
P, (GeV/c)

* The average number of jets per N_, (integrated over all b) is identical for
p/d+A collisions as in pp collisions (values of R=1)
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STAR data: FA
f
* EAgpe & EAp positively
correlated
e Can compare high-EA

events to low-EA events
using:

* EAggc

* EApg

* Both: EAgp. N EA
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Where these fit in small system measurements

Semi-inclusive small system jet
measurements:

VSNN

ALICE

Acoplanarity in pp

ALICE CMS Rp+pb inclusive

Rp+pb INclusive & ATLAS

Semi-inclusive|ea-binned Rp+pb|EAbinned

STAR semi-inclusive
& acoplanarity|ea-binned

& Jet M&SS'EA-binned
PHENIX Rd+Au|EA-binned

--------------->

™
N o Xp
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First at high x;
First at high RHIC energies
Jet spectra per trigger suppression

results at least partially from
correlation:
* Higher Q? scattering:
= Higher p; jets
= Lower activity everywhere
outside of dijet (both in 7 and ¢)
No jet mass modification
Predict dijet momentum balance and
other jet substructure observables EA
independent
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