Modification of semi-inclusive jet
spectra in high event activity
VSnn = 200 GeV p+Au collisions at
STAR

2020 Fall Meeting of the Division of Nuclear Physics of the
American Physical Society DNP 2020

New Orleans, LA (— virtual conference hosted by FRIB) 2020: 10/29-11/1

David Stewart (Yale University) for the STAR collaboration

Funded in part by

”@% .S. DEPARTMENT OF Office of S
© ENERG Yal M
EN ER Y Science a € thSI c<




Ingredients of measurement: A+A
* Jet/Trigger:

* rare high-Q? process

* Event Activity (EA):

* aggregate result of all nucleon-nucleon (N_,,) collisions

col

* more or less independent from jet production

e Measurement

e use /A to compare jets in A+A to N_ ;X pp collisions
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Ingredients of measurement: 2A p+A
* Jet/Trigger:

* rare high-Q? process

e always includes the proton — jet biases p to high-x
configuration

* Event Activity (EA):

» aggregate result of all nucleon-nucleon (N__,) collisions

coll

e more or less independent from jet production

e Measurement p+A

* use [/l to compare jets in 2=k to N_ X pp collisions
Au nucleus
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Ingredients of measurement: 2A p+A
* Jet/Trigger:

* rare high-Q? process

e always includes the proton — jet biases p to high-x
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Ingredients of measurement: 2A p+A
* Jet/Trigger:

* rare high-Q? process

e always includes the proton — jet biases p to high-x
configuration

* Event Activity (EA): high Xp) D

* more or less independent from jet production .,')

* at least measure away from generated dijet

e Measurement p+A

* use [/l to compare jets in 2+ to N_ X pp coII|S|onsP
Au nucleus

w

e use [FA generically as “violence of the collision”
— can compare to results without N
(jets per trigger, dijet momentum balance, etc...)

coll
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Measuring Event Activity (EA) at STAR

* Measure the jet (& possibly triggers)
* Measure event activity (EA) elsewhere, separated in n-¢ phasespace
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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?

* Quenching of jets & triggers at high-EA

* Phase space correlates (constrains) EA and
jet formation

Au nucleus

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

* Trivial autocorrelation

l octivel . EA cicnal
hishHow-FA2
« Quenching of jets & triggers at high-EA ?
* Phase space correlates (constrains) EA and
jet formation

Au nucleus
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Not indicative of jet quenching
Results: No broadening of acoplanarity with EA,.
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Not indicative of jet quenching

Results: No recoil-side bias in jet quenching (EAggc)
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* Both trigger-side and recoil-side jets comparably quenched:
* Not indicative of pathlength-dependent quenching of dijet in QGP
* Not indicative of statistical bias in always picking “less quenched” trigger
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Not indicative of jet quenching

Results jet mass d|st
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STAR Preliminary

S =
© 045 = ;
c&\D 0.4 anti-k, R= 0.4, m_I<1R F E
o, T E 20< Pr et < 30 GeVie F 30<p_. <45GeV/c E
S 0.35 *0_500/0 EA —+ T,jet =
D 03 = detector uncertainty =
B, = *50-100% EA = [Jemb.+bkg. uncertainty -
Z 0.25 $ == =
£ 0.15 5 = = E3 y R E
0.05 == e E3 ="
T 1o i |
£ 08 3
z 0.6 2 4 6 8

M [GeV/c?]

M [GeV/c?]

ribution not EABBC modified

See talk FB.00003
By Isaac Mooney



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

. i oot @ o hissh-EA

* Phase space correlates (constrains) EA and jet
formation?

How is it possible to suppress jets per trigger
without actual quenching?

Au nucleus

VY

Aren’t all triggers made alike?
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Hard” trigger suppression in EAgg deciles

O
Z% ﬁ% 10_5 —-= e ————
“Is 10°~ ¢ STAR Preliminary Note:
A3 107 p+Au+/sSnn =200 GeV i (E )
< » Efficiency corrected charged tracks —s— Minimum Bias Events i T
10 INtracks| <'1.0 —— Trigger ET >4 GeV scales
. E,mei— ’ Mono-
2|20 E- : - tonicall
4 g012 E- e . onically
A 0.1 :—A__:_—_;_—_A_ p——r— i o A —e— Trigger ETE(4,'8) GeV with Q2
0.08 E:._++—":‘: —a— Trigger E_€(8,12) GeV
—o— ——— Trigger ETT:>12 GeV

0.06 E—=
0 20 40 60 80 100
EAgsc ast small (arb. unit)

David Stewart DNP 2020 12




(i

Hard” trigger suppression in EAgg deciles
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Hard” trigger suppression in EAgg deciles
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Hard” trigger suppression in EAgg deciles
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Hard” trigger suppression in EAgg deciles
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A: No. They are EA dependent.

See talk: Veronica Verkest
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Simulated phase-space caused semi-inclusive suppression
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* Events sorted by EA
and leading recoil

jet p; (goes as Q?)

e Ratio of events in
high-EA inversely
correlated to Q2
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Simulated phase-space caused semi-inclusive suppression
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e Each entry includes the single leading jet
* N...:N N =1:1:1

jets* triggers:

events
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet

* Njets:Ntriggers:Nevents =1:1:1
* Forjets ~30 GeV/c:
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
* N...:N N =1:1:1

jets* triggers:

* Forjets ~30 GeV/c:

events
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
* N...:N N =1:1:1
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
* N._..:N N =1:1:1

jets* triggers:

* Forjets ~30 GeV/c:

events
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Simulated phase-space caused semi-inclusive suppression

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

* Njets: Ntriggers: N events

* Forjets ~30 GeV/c:
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
* N._..:N N =1:1:1

jets* triggers:

* Forjets ~30 GeV/c:

events

* In experiment, normalization is set by all high-EA
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Simulated phase-space caused semi-inclusive suppression

e Each entry includes the single leading jet
* N._..:N N =1:1:1

jets* triggers:

* Forjets ~30 GeV/c:

events

* In experiment, normalization is set by all high-EA
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Simulated phase-space caused semi-inclusive suppression

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

* Njets: Ntriggers: N events

* Forjets ~30 GeV/c:

* In experiment, normalization is set by all high-EA

<| Zos— —= high-EA ,
% 06— —low-FA and low-EA triggers:
£l2 04— i ~ .
S %Iﬂ 02 |l— &#z* —I—.H—.—H@:: Nhlgh_ 7 0'7 Nlow— el 1‘2
° g _Jets triggers _
.10 20 0 7 ~ enEA igh-EA ~0.84
l;pT']eF: hlgheStpT jet with |¢jet - ¢’trigger| > gﬂ') ]ets pT ]etz?)OGeV triggeI‘S all events
SN . trigger . . .
W ~16% suppression of 30 GeV/c jets
side jet from EA to Q2 correlation

N'J'\.
. | A R * David Stewart DNP 2020 14




See talk EB.00004
By Tong Liu

STAR p+A jet + EA conclusion

* EA jet spectra suppression in p+Au 200 GeV
collisions results from phase space constraints

* Higher Q? scatterings more negatively
correlated with EA as measured everywhere
outside the dijet

* Result of simple energy conservation ?

* Result of high-Q? proton configuration?
(e.g. “shrunk proton” with fewer N_,;) ?

» Relates how to inclusive EA-dependent jet spectra
measured at ATLAS and PHENIX?

* Predict dijet momentum imbalance and other jet
substructure observables FA independent

Au nucleus

e More studies to come!
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Where these fit in small

Not modified Modified

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

ATLAS
Rp+Pb|EA-binned

* X,

system measurements

Semi-inclusive small system jet
measurements:

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 n and ¢)
No jet mass modification
°redict dijet momentum balance and
other jet substructure observables EA
independent

ey

&

David Stewart
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TPC charge track activity in deciles of EAgg.
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Event Activit
* Positive correlation between (Nch) and BBC signal Ve A Y gc

* Separated in phase space

= BBC signal taken as good EA estimator
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PYTH'A SO—EO%EA/SYO—QO%EA Wlth and WlthOUt le@t blaS

4+ Using "opposite-side” BBC for EA sorting reduces

suppression by ~constant factor for outer and full, but not
inner, BBC
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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
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D _I L 1 1 | I I | | I I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | BBC'HHE[ or’ BBCDLItEﬁr

0 5 10 15 20 25 30 35

Pihjﬁzm CoV/c instead of BBCy
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= 40%-60%

= 20%-40%

= 10%-20%
0%-10%

oy T

Counts

How to compare jet spectra

a. Per Ny, (inclusive):
* Measure all jet spectra wH T
e Sort by EA into centrality bins Jil )
* Compare to pp jet spectra scaled by N, 0o a0 e

from Glauber model Npin

| b. Per-trigger (semi-inclusive)
* Measure p + Au — trigger + jet + X

I e Separate into EA bins
* Measure jet per trigger spectra (Sz4)
I * Compare spectra in high to low EA (Sga—nigh/SEa-1ow)

4 o\
™o O
[ I | I I I I | I I I I | I | I I I I

c. Per-jet (shape) Fod

 Compare shapes in different EA bins :

‘\ Example: jet mass distribution S
AR * David Stewart DNP 2020 FO-Z; 21




Data: BBC Event Activity Selection and Jet ¢ binning

* Jets:
e anti-kT
 R=04
* |n|<0.6

L1 - 3
" . — ~ 100 X 10
Event Activityggc
Binned in Ad in /8 slices from the trigger =« <&

Jet spectra (S) presented in this talk are |
raw uncorrected, detector level y /
: . . : : .2
Tracking efficiency is EA-independent & ¢
negligible underlying event g
So-30%ea/S70-90%ea €XPECTEd tO be
Insensitive to corrections - %

David Stewart DNP 2020 22



Suppressed recoil & negligible transverse spectra

z| 3 15 Detector level uncorrected
N ) _ Open Markers: 70-90% EA
g2ls = § Full Markers: 0-30% EA
T |50 & —e— (7/8)n< | Ad[<n
- 2 = §Q' —0— (4/8)n< | Ap |<(5/8)n
pd — . - o —%— (3/8)n< |Ad |<(4/8)n
J') 102 g - —¥— (2/8)n< | Ad |<(3/8)m
= % ——— B (1/8)n< | Ad |<(2/8)m
- Ae —
10°E % —o—
; B -% ——
1o~ RS . Full Markers: High EA:
= 0-30%
B l I R R W SR N T S W) T T
§ é - STAR Preliminary “:~t_Li ” ~
< E: o ﬁAu\/ﬁ=200GeV=ZOOGeV * At JEt like Pr (> 8 GeV/C)
a” 3 Hi}: — Ak raw charged jfs transverse A¢ (background)
5 - - non-background subtracted o . .
.. 8 GeV trigger in BEMC negligible compared to recoil
It S S
‘ + spectra
= background correction
5 10 15 20 25 0 B negllglble for SO-3O%EA & S70—90%EA

T,jets-raw
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SO 30.7/870 90% all At‘;b bins

= E E Detector level uncormrected
5 g i [= gSTﬁR Preliminary Open Markers: 70-90%EA
2-"- I FN = 2{1] GeV Full Markers: 0-30%EA
- %1{]_,__% .:-:Rr'ntl{.]'l:Tdr e edjets e (T/8)< [Abfen
% = non- ba::kgrc:und subtracted (6/8)n< | A <(7/B)n
— £ — E7 > 8GeV/c trigger in BEMC (5/8)m< | A¢[<(6/B)x
= 10-2— § stauatmal errars anly —4— (48)m< | A8 |<(5/8)=
I = ﬁ % —#— (AB)n< | As|<(4/B)x
E —¥— (2/B)m< | Ag|<(3/8)
103 = = B (1Bn< | A4 ]<(2B)e
= T ——— T
— _+_
J I\
107 = #
_I ....... ;..!IIII'IIII'IIII'II
g g 1.8
T = ]
| i,
0.8 — —+——% *
0.6 : ¢
0.4E
0.2
= | | | | | N T B

30 ) 35
c
'C'lT,jet-rawl'lr G EVIG]

David Stewart

i

Full Markers: High EA:
0-30%

A
l:-h':“fl:i'

miy o
4+ Both near and recoil jets suppressed in high EA

relative to low EA

+ n.b.: These are charged jet spectra; the near-side
jets have a neutral energy fraction (NEF) bias
because near side must also always contain the

neutral trigger
4+ This NEF bias is not present in the recoil jets

4+ This NEF bias on the near-side is expected to
decrease at higher prjet
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Geometry: Jets/N_., over all b are as expected
2015 & 2016: R, /4+A consistent with unity

ATLAS & CMS ALICE
s P — PHENIX

1o
>
PPb s = 5.02 TeV 1 c% o ALICE p-Pb \[sy, = 5.02 TeV - ; 1.0 : : :
tsr 15 | Chargediets, antiky In,,| < 0.5 10 F PHENIX  d+Au, sy, =200GeV ~ 13-
1= [ eference: Scaled pp jets 7 TeV g L ) . Y -
=i £ T ) anti-k,, R=0.3 jet S
| ‘5) I Global normalization uncertainty ] h i 7// /t é
17 F 1= B . 1=
O | —e— 1w - o/ % —4“
1= F 12 [ "y i) 7)) 2 %/ 1=
I cMs o = 1 S - 2 bbbl J CF ////'/////"' RN
° (0-100%), |n_ | <0.5,R=0.3 ~ b 1 PN < 12 S
f o 12 F = 0.9 R 4 a
| (] ATLAS (0-90%), |y, |<0.3,R=04 1= [ [N B e 1=
o5k 1= F 1= C s N5
Y - Resolution parameter A = 0.4 1 0.8 [] Data, 0°960%" ™" *"** "= ssreenn, . _:§
p. [GeVic] e - == EPSO9 (Eskola etall  — . .. . tre., 1=
T 20 40 60 80 100 120 - == EPS09 (Eskolaetal) .., g oes (kangetal) ~"*4=
P31 chjet (GeV/c) 0.71 R s . 5
’ 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)
\ AR % David Stewart  DNP 2020 25




Geometry-binned R ,,, Were surprising

ATLAS d+Au, Sy = 200 GeV
_. e PHENIX \/iom e

& — -0.3 < y < +O-3 _ﬁ — 1.8—. 60 88% A
Q. 1 6 | _ N . E-loss 0-20% ]
P 2013 p+Pb data, 278 00" g W i 1.6 1 4060%  (kangeta) -
2013 pp data, 4.0 pb1 $ ﬁ - )] 20-40% +

— SNN i o-o re —

pal oy ¥ 010 |

B ATLAS 4= 60-90% B

40 100 1000

p. [GeV]

. Eﬁhaacr’ﬁicveit converted to N, via geometry, central R, ;. , suppressed, peripheral R, ;, 5

* Naive A+A interpretation: Central events form QGP in which jets are quenched

» : A R * David Stewart DNP 2020 26




Tantalizing hint from ATLAS

* Suppression ratios between
central and peripheral R,
for jets at p-going n’s scale
with total jet |p] (i.e. pr X
coshn)

* Related to Bjorken-x of the
proton (x,)

1.4

o
Q

-
<o

|

0.4

David Stewart

ATLAS 2013 p+Pb data, 27.8 nb""
anti-k,, R=0.4, s\, = 5.02 TeV

A t3.6<y*<+44
Y +2.8<y*<+3.6
¥ +2.1<y*<+2.38

L 4 +0.8<y*<+1.2

$} t1l.2<y*<+2.1 -I—_I-_

0-10% / 60-90%

40 100

1000

p;X cosh(<y*>)[GeV]
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