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Abstract

This letter reports event activities (EA) of \/syn = 200 GeV p+Au collisions
selected by high-Er triggers measured in the STAR detector at RHIC. The EAs are
measured both at high-rapidity in the Au-going direction by experimental
luminosity and at mid-rapidity by the track multiplicity of the underlying event. The
two regions of EA are mutually positively correlated and are each individually anti-
correlated with the E scale of the trigger. This EA-bias predicts EA-dependence of
the semi-inclusive jet spectra. Correspondingly, the first semi-inclusive small system
jet measurements at RHIC energies are reported; they show significant suppression
at high-EA. Finally, measurements of jet acoplanarity and dijet-pt balance are
presented. They show no EA dependence and therefore indicate that, within
measurement precision, jet-quenching is not observed and does not cause the EA
to trigger-pr correlations, or correspondingly the EA to jet spectra correlations.



What happened intermediary months:

 GPC Convenors meeting asked about pile-up (PU) correction and
/DCx dependencies

Consequently we:
* Found that there is non-insignificant PU, even at the track cut of DCAat 1 cm
* Have adjusted our calculations to properly account for PU corrections
* Updated final plots

* The physics conclusions of the final plots have not changed. Pending
some work on the UE(lead jet pT) (not shown in this presentation),
we will request to proceed with already authorized GPC formation



The track embedding (make into 50004 triggered,

st_physics stream events) goes out to about ZDCx=30

kHz

The jet embedding (make into the st_ssdmb stream)

effectively goes out to ZDCx=20 kHz

As such, we limit our analysis to the currently

available ZDCx embedding range of ZDCx< 20 kHz.

This cuts off the top 20% of ZDCx in the data, but we

can show all our physics results with this limitation.

* Therefore we are proceeding with our GPC

process, but would like to have the jet
embedding made into st_physics
(trigger=500004) events

When using the embedded jets, the events are re-

weighted to match the data ZDCx distribution.
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ZDCx-bin data

Individual Track Efficiency

* Track reconstruction efficiency is
0.758306 | 0.736355 | 0.727074  0.706137  0.681261 0.660936 | 0.717250 0.75 dependent on ZDCx

0.74 * Tracks lost from decreasing efficiency
0.758646 | 0.786745 | 0.727448 = 0.706527 0681693  0.661397 | 0.717688 ' are offset by the presence of increasing
pile-up (PU) tracks

0.73
0.758415 | 0736489 | 0.727192 0706278  0.681422  0.661124 | 0.717383 * Figure to left shows overall MB tracking
0.72 efficiencies in correction as calculated
using different ZDCx of data (y-axis) and
0.758261 0.736312 0.727016 0.706108 0.681242 0.660934 0.717209 0.71 ZDCx of embedding (X-axis).
* 7ZDCx bins are 4-6kHz, 6-9kHZ ... 22-24
0.7 kHz
0.758300 | 0.736349 |« 0.727062 = 0.706146 = 0.681280  0.660975 | 0.717249
0.69 * Only the ZDCx of the embedding

matters; this is indicative that the pT
distribution of PU closely parallels the
pT distribution of primary events

0.758269 0.736317 0.727036 0.706091 0.681207 0.660860 0.717207 0.68

0.758197 0.736224 0.726953 0.706002 0.681110 0.660779 0.717121
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Tracking Efficiency(ZDCx) is EA independent
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* Calculate the fit

Ppy =M ZDCx
using efficiency corrected tracks
(which are a mix of primaries and PU
tracks)

Errors on m end up being a principal
uncertainty on overall track density
measurement



Systematic Errors for MB:
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Fully corrected track densities in 10 deciles of EA-BBC

Z% _g [
Sl516 E
14 o 4
— X B o
1.2 — i O
— A Ao
1 [ A A O |
— O —c— MB
0.8 [ QAO trig _ .
HE) HT E;° €[ 4, 8] GeV/c
06 — o
= HT ET° €[ 8,12] GeV/c
0.4 g .
- —a— HT E1° €[12,30] GeV/c
0.2 —
: | | | | I | | | | I | | | | l | | | | I | | | | I | | | | I |
0 10000 20000 30000 40000 50000 60000

EABBC



8
© 00
0.8
0.7
0.6
0.5
FIG. 2.

are contained in each bin.

!
o

5 e

— 1 Tl g SW

; 3

— I —&— MB

- {-Sk—e 1

N %}%ﬁ HT E.°¢ 4, 8] GeV/c
I i @ trig

B ] o HT E."€ 8,12] GeV/c
;é:% —A— HT E™12,30] GeV/c

T O
u

0 10000 20000 30000 40000 50000 60000

EABBC

d?N,

dndp| per decile of EAggc. Bin boundaries of
EAgpgc selected so that, by construction, 10% of all MB events
Markers are horizontally offset

within each bin for visual convenience.




Systematic Uncertainties Oto60 Spectra
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Fri Jan 13 12:08:31 EST 2023 /Users/stewart/pAu_AN/semijets_semitrig/./draw_semispec.cc 0to60
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The unfolding is done using response
with all EA embedding.

List of systematic unc. used:

Unfolding high-EA data with high-EA
emb vs unfolding high-EA data with
all-EA emb

50% vs 100% hadronic correction
Max difference (bin-by-bin) between
unfolding with 6 iterations, and
unfolding with either 4 or 8
iterations

Tower Et smearing (3.8% Gaussian
smearing)

4.5% Track pT unc.

2% additional track pT unc.

Closure is shown in bottom but not
included in the total sys. error
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Not ratio canceling (added directly
into RSS):
* Unfolding high-EA data with
high-EA emb vs unfolding high-
EA data with all-EA emb
(carried directly into RSS)
* 2% tracking error on high-EA
* 2% tracking error on low-EA
* Bin max of sys. iterations on
high-EA and sys. Iterations on
low-EA
”Ratio canceling” (the ratio spectra
using the alternative inputs are
generated and then the difference
from the nominal ratio is added in
RSS)
 H.C. 50% -- difference in H.C.
Ratio to nominal ratio
* Tow Smearing
* Track Unc. 4.5%
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Paper figure, semi inclusive jet EA ratio figure
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Prior version B |
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Comparison of dijet Aj and Agin ratio

* Measurements: Dijet pairs with highest two prt jets with minimum pr
values of (a) 8 and 12 GeV/c and (b) 10 and 12 GeV/c. See if there is a
difference in high and low EA events.

* Measure the distribution of azimuth between them: |¢..q — ¢_sub|

.o p _p
e Measure the dijet pr balance; 2229~
PTlead tPT,sub

e Although the JES and JER are not distinguishably different in high and low
EA events, the increased background in high-EA events could have a change
in the triggering effect of the dijet selection criteria [(a) and (b) above)

* Therefore, increase the detector-level particle background in low-EA events
to match high-EA events prior to clustering jets in order to compare A; and
A@ in EA ratios
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Prior version
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FIG. 6. Top panel: the distribution of the relative absolute
azimuthal angle between the two highest pr jets for high and

low EAgpc events. Cuts on the lower bounds of p?f‘j‘it and

p%«“,}’et are indicated in captions. EA%%“& jets have been clus-

tered with additional particles to match the UE with the UE
in EAE;% events. Bottom panel: Ratios of shapes at EA[Sh
to EAgBG. In both top and bottom panels, markers are offset
along the horizontal axis within each bin for convenience of
viewing. All jets are detector-level jets.
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Prior version
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Conclusions

* No change in physics message
* Finalizing paper draft (ASAP)
* Will ask for GPC formation
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Composition of measurements:

* Triggers (BEMC towers)
* Jets from TPC tracks and BEMC towers
* EA separated from jets in n-¢ phase space to avoid autocorrelation
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Jet Energy Scale (JES) and Jet Energy Resolution (JER):

Z [
E 03— Gaussian fits used to
g8 L calculate JES and JER for
u all embedding.
0.25 _—
E This is also done using
02 — only high-EA, low-EA,
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015 | e " ZDCx embedding events
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1:58 EST 2023 /Users/stewart/mac_analysis/semijets_semitrig/./calc_JESJER.cc 0to60

particle
Per DT jet

spectra of matched jets
Look at the top 65% of the data, and fit a
Gaussian (shown to the left, with 2 GeV bins of

particle
pT,j et )

The Gaussian mean provides the JES

ticl
(GausMean — pg‘;‘gt‘c ¢

width the JER

embedded jet, find the relative

bin) and the Gaussian
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JES and JER are not distinguishably different for high/low EA
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and high/low
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L eft: MB, whole TPC
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Systematic Errors for HT (E 22" € [4,8] GeV/c
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Systematic Errors for HT (Ex 25" € [8,12] GeV/c
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Systematic Errors for HT (E;rigger € |12,30] GeV/c)
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Jet spectra closure:

Ratio unfolded/truth
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* Look at the jet
spectra per triggered
event both on the
azimuthal trigger-
size and recoil side.

* Make response
matrices weighted
for ZDCx bin and pt
embedding cross
sections.

Do closure tests
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Jet spectra closure: Recoil-side

Ratio unfolded/truth
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* Look at the jet
spectra per triggered
event both on the
azimuthal trigger-
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* Make response
matrices weighted
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Systematlc Uncertainties 180to0120 Spectra
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The unfolding is done using response
with all EA embedding.

List of systematic unc. used:

* Unfolding high-EA data with high-EA
emb vs unfolding high-EA data with
all-EA emb

* 50% vs 100% hadronic correction

* Max difference (bin-by-bin) between
unfolding with 6 iterations, and
unfolding with either 4 or 8
iterations

* Tower Et smearing (3.8% Gaussian
smearing)

e 4.5% Track pT unc.

* 2% additional track pT unc.

Closure is shown in bottom but not
included in the total sys. error
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Systematm Uncertainties 180to0120 Spectra
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* Not ratio canceling (added directly
into RSS):
* Unfolding high-EA data with
high-EA emb vs unfolding high-
EA data with all-EA emb
(carried directly into RSS)
e 2% tracking error on high-EA
* 2% tracking error on low-EA
e Sys. iterations on high-EA
e Sys. Iterations on low-EA
e ”Ratio canceling” (the ratio spectra
using the alternative inputs are
generated and then the difference
from the nominal ratio is added in
RSS)
 H.C.50% -- difference in H.C.
Ratio to nominal ratio
* Tow Smearing
* Track Unc. 4.5%
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ly increase background in low-
N background in high-EA events

Add particles in the Au-,

mid-, and p-going n ranges:

* Add the number of
particles based on the
Poisson distribution of
the integrated difference
(“int:” in the plot)

 Add from the pT
distribution as plotted

* Angle the background
isotropicaly distributed in
rapidity and azimuth
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Same but without modifying low-EA background to match

high-EA background
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Conclusions

* Clear correlation between lead jet pt and event activity (EA)
measured either by:

* Underlying event (EAyE: |¢track — ¢1eadjet| € [60°,120°])
e High-7n7 in the Au-going BBC (EAggc:n € [—5, —3.4])
* Both EAggc and EAyg broadly correlated
* When cut on both, select out obvious correlation with prieaq

. : PTlead —PT,sub
« Measurements of dijets pairs’ |P1eaq — Psup| and———=— do not
PTlead TPT,sub

show dependence on EA
* Therefore, no jet quenching in p + Au collisions
* Long range correlations must be from early/initial stages of collisions
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Tracking Efficiency(ZDCx) is EA independent

Fit parameters for ppy are independent of EAggc bin

Top bin is

Fit parameter “m” dNch/dEta/d$, EA bin (1-1)
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