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SMALL SYSTEM COLLISIONS: & HISTORY
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»>Time Projection Chamber (TPC)
= Methane-argon TPC

= Momentum reconstruction for charged tracks
= [n| <1, 2w coverage

»Barrel Electro-Magnetic
Calorimeter (BEMC)

= iead/Scintillator stack towers

= Energy deposition detection for charged and
neutral particles

= |[n| <1, 2w coverage

»>Beam-Beam Counter (BBC)

= Scintillator clusters at east & west of collision
point

= Quter ring 2 < |n| < 3.4,inner 3.4 < |n| <5
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»>Data: 2015 p+Au @ 200 GeV

»>Particle selection:
= TPC tracks & BEMC Towers

= 0.2 <pr <30GeV/c, |n|<l
= Hadronic correction for charged particles

>Jet reconstruction:
= anti-kt algorithm
= R=0.4
= |[n|<1-R

>]Jet reach:
= Inclusive spectrum: < 40 GeV/c
= EA-binned spectrum: < 30 GeV/c
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DATASET AND SELECTION
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»Asymmetric small system: geometric
parameters like (Np;,) don’t correlate as well

with impact parameter as in A+A collisions s "=, — 40%-60%
e s .. B — 20%-40%
»Concept of centrality is not trivial for small N "
10° = " o- (<]
systems g
i 0%-10%
S I A S S Al
3
100
= Percentage by
= impact parameter
10 = p+Au Nbil’l
- Glauber MC
1—. g gl g gapi] g pay )RR T o g o g
0 5 10 25 30 35 40
Nbin

e

Tong Liu 2020 Fall Meeting of the APS Division of Nuclear Physics 10/30/20



EVENT ACTIVITY IN SMALL SYSTEMS

»Asymmetric small system: geometric
parameters like (Ny;,) don’t correlate as well
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»Asymmetric small system: geometric
parameters like (Np;,) don’t correlate as well
with impact parameter as in A+A collisions

10°

10*

»Concept of centrality is not trivial for small
systems

multiplicity

108

»EA: degree of violence of the collision

= Expressed as percentage with 0% being the most
intense, 100% being missing

»EA 1ndicator: experimental observable that
best correlates with EA

>Possible candidates: 10 20 30 40 50 60 70
= Mid-rapidity signal: underlying multiplicity UE BBC inner/1000

= High rapidity signal: BBC
()
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»Asymmetric small system: geometric
parameters like (Np;,) don’t correlate as well
with impact parameter as in A+A collisions

10°

10*

»Concept of centrality is not trivial for small
systems

multiplicity

108

»EA: degree of violence of the collision

= Expressed as percentage with 0% being the most
intense, 100% being missing

»EA 1ndicator: experimental observable that
best correlates with EA

>Possible candidates: 10 20 30 40 50 60 70

= Mid-rapidity signalefimiderlying multiplicity UE, BBC inner/1000
= High rapidity signal: BBC
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UNDERLYING MULTIPLICITY AS EA

= Inspiration: Veronica Verkest (Sat LB.00005)

»Region transverse to leading jet ¢ as

UE acceptance )
lead
»Selected track multiplicity in 77arsverse- ea

to-jet UE acceptance as EA indicator for

jet events: UE-.21

= Indicator of “soft” physics, i.e. excluding jet

L)
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UNDERLYING MULTIPLICITY AS EA

= Inspiration: Veronica Verkest (Sat LB.00005)

»Region transverse to leading jet ¢ as
UE acceptance

»>Selected track multiplicity in 77arsverse-

to-jet UE acceptance as EA indicator for

jet events: UE-.21

= Indicator of “soft” physics, i.e. excluding jet

»>Multiplicity transverse to random
direction as minimum-bias reference

for defining percentage: U E;;?lﬁ‘;‘

= Avoid bias from artificially choosing the “empty”
part of the event and migrating towards low
multiplicity

O
Tong Liu 2020 Fall Meeting of the APS Division of Nuclear Physics 10/30/20



GLAUBER MODELING OI' COLLISIONS
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GLAUBER MODELING OF COLLISIONS

=40 —
o) +Au |/s, = 200 GeV
»Glauber MC of minimum-bias p+Au collision S0 "
& 107 UE?™ fit with Glauber model
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»Low end of multiplicity: ratio as trigger efficiency
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»Glauber model scaled jet yield

L | T |JIIUII|

trans 20
. 1 1 d2 d Nj ] et
°
et — rand ( ) 15
J (Nbin) Ng dnd¢ dpr
10
NIad: number of x with UE "¢ within the range of a~b 5
X mult g
NLia%s: number of xwith UE3)° within the range of a~b g ——
0 5 10 15 20 25 30 35
UE:
Tong Liu 2020 Fall Meeting of the APS Division of Nuclear Physics

10/30/20




ong Liu

EA SELECTION & NORMALIZATION

»Goal: capture the underlying event activity originating
from soft physics

> Two effects to avoid:
= Minimum-bias events: artificial migration
= High-p; jet events: jet contamination

»Assumption: soft physics process is intrinsically isotropic;
azimuthal angles of jets are uncorrelated with soft physics

)
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EA SELECTION & NORMALIZATION

»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events

()
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EA SELECTION & NORMALIZATION

»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events

= UE 21 : direction of leading jet independent of

soft physics, no artificial migration;

d’lead

()
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»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events

= UE 21 : direction of leading jet independent of

soft physics, no artificial migration;

- U rand

mult - contamination likely in many events

()
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EA SELECTION & NORMALIZATION

»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events “QERESS

- UE'™20S : direction of leading jet independent of

soft physics, no artificial migration;

rand
= U mult

d’lead

: contamination likely in many events
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EA SELECTION & NORMALIZATION

»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events “QERESS

- UE'™20S : direction of leading jet independent of

soft physics, no artificial migration;

- UE'¢ : contamination likely in many events 2.0
1.0
»Normalization: determining the number
of minimum-bias events that belong to Dlead

this category

= UE 21 : artificial migration biases the

distribution

()
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»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events “QERESS

- UE'™20S : direction of leading jet independent of

soft physics, no artificial migration;

rand
= U mult

: contamination likely in many events

»Normalization: determining the number
of minimum-bias events that belong to
this category

= UE 21 : artificial migration biases the

distribution

= UEL20d : contamination rarely occurs

()
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»Selection: deciding which category a jet
event belongs to

»Looking at pr > 10 GeV/c jet events “QERESS

- UE'™20S : direction of leading jet independent of

soft physics, no artificial migration;

rand
= U mult

: contamination likely in many events

»Normalization: determining the number
of minimum-bias events that belong to
this category

= UE21 : artificial migration biases the

distribution

= UEI20d : contamination rarely occurs

o
Real UE
physics
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EA SELECTION & NORMALIZATION

»Closure test: insert toy physics and check which normalization works
« Take a portion of the real data (as soft background); Claim its NJ2"¢ distribution as “true”
= Insert a 200 GeV/c toy jet (20 GeV/c particles X 10 in R=0.03 cone) into random 1% of the events
= Re-perform the analysis as usual;
= Ratio between high- and low-EA yield at 200 GeV/c should be close to unity

Sample size: 4.4M Events

Category | Toyjet Nii™ | “true” Nei™

High: UE 1 >10 3999 406k 421k 288k
Yni = Nigen; /Ny / 0.99% 0.95% 1.39%
Low: UE 1 =3 5503 551k 548k 604k
Yio = Nizilo /N& / 1.00% 1.00% 0.91%

Yhi/Y1o / 0.99 0.95 1.52
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EA SELECTION & NORMALIZATION

»Closure test: insert toy physics and check which normalization works
« Take a portion of the real data (as soft background); Claim its NJ2"¢ distribution as “true”
= Insert a 200 GeV/c toy jet (20 GeV/c particles X 10 in R=0.03 cone) into random }, 60 of the events
= Re-perform the analysis as usual;

Events with
>10 GeV/c
jet: 0.03%

= Ratio between high- and low-EA yield at 200 GeV/c should be close to unity

Sample size: 4.4M Events Jet contamination

High: UE ;.1 >10 3999 288Kk
Yni = Njzeni /Ny / 0.99% 0.95% 1.39%
Low: UEpu1e =3 5503 551k 548Kk 604k
Yio = Nizilo /N& / 1.00% 1.00% 0.91%
Yhi/Y1o / 0.99 0.95 1.52
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EA SELECTION & NORMALIZATION

»Closure test: insert toy physics and check which normalization works
« Take a portion of the real data (as soft background); Claim its NJ2"¢ distribution as “true”
= Insert a 200 GeV/c toy jet (20 GeV/c particles X 10 in R=0.03 cone) into random }, 60 of the events
= Re-perform the analysis as usual;

Events with
>10 GeV/c
jet: 0.03%

= Ratio between high- and low-EA yield at 200 GeV/c should be close to unity

Sample size: 4.4M Events Jet contamination

High: UE ;1 >10 3999 406k 421k 288k
Yy = Ni2Ds /NBL / 0.99% 0.95% 1.39%
Low: UE,,,1; =3 5503 551k 548k 604k Artificial
Y,, = Nians /ylo / 1.00% 1.00%  0.91% migration
jetlo ev . ()] . (] . (]
Y1,i/Y1, / 0.99 0.95 1.52
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SUMMARY & OUTLOOK

v'Performed measurement of inclusive jets in /syy =200 GeV p+Au collisions
v Developed the method of using UE |+ s an event activity indicator
v'Validated selection & normalization method

v'Matched Glauber model to UE1 distribution

»Include High-Tower triggered data into analysis

» Correct for detector effects

»Calculate nuclear modification factors Rcp & Rpay

»Compare with semi-inclusive analysis & results from other collaborations

Tong Liu 2020 Fall Meeting of the APS Division of Nuclear Physics 10/30/20 O



SUMMARY & OUTLOOK

v'Performed measurement of inclusive jets in /syy =200 GeV p+Au collisions
v Developed the method of using UE |+ s an event activity indicator
v'Validated selection & normalization method

v'Matched Glauber model to UE1 distribution

»Include High-Tower triggered data into analysis

»Correct for detector effects

»Calculate nuclear modification factors Rcp & Rpay

>Compare with semi- 1nclu51ve analysis & results from other collaborations

Thank you. /
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