v W AR L el a ) . A' ,, 2 _\V.’h
erlying event measurements at ATLAS

\J r
2
7 '

1?& -y g | &’ N 'A..

Dominic Hirschbuhl
%2244 BERGISCHE
ATLAS =¥ UNIVERSITAT
EXPERIMENT R P L

ICHEP 2022 - Bologna SR . N _
08.07.2022 - Uikt

UNIVERSITAT

o /~' IQ'Q / ' ' . e -\ WUPPERTAL
AN ’ 4 [ | - \ I‘I"' L '
X ‘ a JECE. W : ‘e
M { T S - \ ’ g
‘4 . P ¥/ : B \ L 3 ’ - ’\




Measurement of distributions sensitive to the underlying
event in inclusive Z boson production in pp collisions at
\/s = 13 TeV with the ATLAS detector

Eur. Phys. J. C79 (2019) 666
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Correlation of Y meson production with the underlying event in
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pp collisions measured by the ATLAS experiment
ATLAS-CONF-2022-023
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Introduction

Perturbative physics:
* Hard scattering
* Prompt decays

* Parton shower / QED
radiation

Soft physics:

* Underlying event
e Hadronisation

* Hadron Decays
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Introduction

_— ,/,, - Perturbative physics:
ot L Ngne i “ S48  Hard scattering
N R * Prompt decays
b e \ o - T e
S\ ST Nax: o
e O\ oh g;o < . :
- ,.§§.q - Ll I )99/\/ @:’/ * Large momentum transfer,
SRR O a0t o 948 T Ve : :
St %k% B Q,Zéﬂ S \/".';,; e Strong coupling constant is small,
- SEAS e . , .
. F . T i * (Calculation using perturbatively QCD.
o “:' 9 L
.;';—i_‘!;‘, Bt | L 560 i:(’;%ot e i
e (T o) e Soft physics:

SO0 T

/ o, * Underlying event

Interaction between proton remnants,

multi parton interactions(MPI), initial and final
state radiation.

Small momentum transfer

Strong coupling constant diverges

Calculation using phenomenological models.
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The underlying event

Activity accompanying the hard scatter

* Is not distinguishable from the hard scatter on an event-by-event basis
* (Can be probed using topological observable

* Caninclude contributions from multi-parton interactions

Drell-Yan processes Toward
* Provide a clean environment A,\
* Here: qq>Z - utu /
with initial-state radiation (ISR) to give a —60°Q Z boson 560°
balancing jet o N e ~
* No final-state radiation! o AN A >
* Kinematic distributions in the transverse § e 3
regions sensitive to soft production models = 7 ~K g
7 d A ~
-120° hadronic recoil ¥'120°
/j Y X\
Away
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Analysis setup

Event selection
* Exactly 2 muons with py > 25 GeVand || < 2.4
* Muons must be from primary vertex and not from heavy quark decays

* 66 GeV<m,, <116 GeV to reduce backgrounds
* Tracks: pr > 0.5GeVand |n| < 2.5 B
% 10" A1I'LASI | . Data2015
O 10"F (s=13Tev, 321" [ ZoHK
S 10°E~ 10 GeV<pZ<20 GeV -E'GCtVOWeak
Background =z 102 trans-min region -Mcilpl)tijet
. 10
* Assessed using MC .0f
e /1T 10°
« Zott 10°
10
s WW - uvuv 102
* Assed data driven 10
.. 1
* Multijet background .
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Analysis strategy

Toward

Four regions: v

« Toward (Z direction), / T \

* Away ( jet direction), B T S
. . ) N _ -
* Transverse max./min with greater/lesser Y. pr $ ~O| - s
) \V 2
Observables, normalised to angular width of each region: § R\ { %
(using all particles in event, except muons.) 7 LAV
. . . . . -120° hadronic recoil  »'120°
* Normalised charged particle p distribution /[ l \4\
* N_,j: Charged particle multiplicity Away
o« ) pT Of Charged pa rticles Isotropic Event Balanced Event

* Mean pr of charged particles

\/ 7
Studied in 8 bins of p;(Z) and .
two bins of transverse thrust: /\

- A
TJ_ — Zi |pT,l nl n=2/m Thrust T.=1

Zi |PT,1'| Low thrust High thrust
—>sensitive to MPI —jet, ISR
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Systematic uncertainties are small and mainly detector-related.
Sherpa has worst agreement for N,
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>% 1.85— 10 GeV<p$<2o Gey —— PowhegPythia8 _f N g'_ 1.8~ 10 GeV<p$<2o Gey —— PowhegPythia8 =
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* Y'pr best described by Herwig++
* mean pt hot well modelled by Pythia8
* Same trends for higher p7(Z)
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Different Thrust regions
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* N, for low quite different than for high Thrust

* Agreement is worst for both splittings

ICHEP 2022 - Bologna
Dominic Hirschbiihl | 08.07.2022

BERGISCHE
UNIVERSITAT

10 WUPPERTAL

G




<N,,/ond¢>

Charged particle multlphcltles
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N,y is poorly described, but Pythia8 and Herwig++ are better then Sherpa
— important ingredient for further MC generator tunings
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Introduction and Motivation

* In heavy ion physics UE may reflect the conditions of the quark-gluon plasma
formation

* Correlations between processes characterized by different momentum scales
and correlations between “hard” and “soft” particle production relatively
unexplored

* Many studies of small systems demonstrating quark-gluon plasma-like
signatures in soft physics = not many using hard probes

* CMS observed a decrease of the ratio of yields Y(nS) / Y(1S) as a function
of multiplicity and studied the effect in different sphericity intervals
(JHEP04(2014)103, JHEP11 (2020) 001).

- It was suggested that the decrease in the ratios is an UE effect.

» Search for modification of the UE (soft) for different Upsilon states (hard) in
pp collisions by measuring

ng, dn.,/dpyanddng,/dA¢ , where Ap = ¢pY — P!
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Analysis strategy

Full Run 2 dataset

Di-muon trigger

Y — uu events with
e 82<mitt <11.8GeV
« |y**| < 1.6.

Charged particle tracks:
0.5 <pr<10GeVand|n| < 2.5

Y candidates in 5 mass regions
—> signal + background fits

Background in the ‘upper-mass’ and

dn/dm **

‘lower-mass’ regions are similar in shape

— sideband subtraction
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Pileup subtraction using event mixing technique

Pile-up subtraction

developed for Eur. Phys. J. C(2020) 80:64

The main idea:

N¢ri 1N @ randomly placed window is proportional to the interaction density
Interaction density is defined by u and size of the interaction diamond RMS(z,,;)

Events »10°% [mm ]
=]
[1¥]

o=

fa]' ATLAS
+ X2, 8TV, 19487 oo
o X5, 1aTeV, 320" )

+ 2016, 13TaV, 3298

Events x10°

-100 -50 0 50 104
Z, ., [mm]

(b)

« 2012, ATaW, 19447
= 215, 13Tav, 320"
* XNE, 13Tey, 3298

Since the z,;, distribution is stable over the LHC fill, one can measure the n;
in a window placed at the same location in another event with the same L.
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Pile-up subtraction

. Direct event

v

v ak
4 "
' ¢
S .
. -~

I
|
|

(3 \ .~> to buffer

Stolen from Yasha Aizenberg

guane

"-, vertex veto cut
.<,,

track acceptance cut
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Select a certain event from the events
sample = Direct event

Search for events with the same u in the
same run

Discard events, where the vertex in the other
event is within 15mm of the Direct event

Tracks are selected to Mixed events, if they
satisfy vertex pointing in longitudinal plane
lw| = |(z§™* — z,4,) sin@| < 0.75 mm,
w.r.t. vertex of the Direct event

Repeat procedure 20 times

. 2 mlix
V= (ntrkg) = 2w dwtél Gauss(Zyix )4,

p Zvix=0
N

0.75mm  Particle production in pp collisons
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n., distributions for Y states

Open markes before, full markers

after background subtraction

T T 71

ATLAS Preliminary
pp, 13 TeV, 139 fb”’
HLT p#"#2 5 (6, 4) GeV

I
before
after

|

Pileup contribution identical for

different states
- only shown for Y(35))

i 1OSpT’””< 12 GeV, [y"*|< 1.64

~

Different Y states have different

averages
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Mean Values of n., distribution

2‘5 - ATLAS Prellmlnary | : .
~ | 1 a . .
i pp. 13TeV, 139 for § .+ * Observed astrong difference in the
- ] Ny, distributions
: 1 . Effect strongest PR =0
40 . gestatp, =
[ ] * Y(1S) —Y(25):3.6 +0.4
o 1 * Y(1S)—-Y(35):41+1.1
W At PYTHIA data i
30 x, % Y(19) 7
A e -+ Feed-down of states, mass
. — i i inti
§ % %) -7 ES) ri9)1es) differences, stystematlc uncertainties
5 } L, C pYTHqu.tr?a:tf?nanmS) ] cannot explain the effect
_0_-’4 % ) “PYTHIAw/o ¥(nS) —Y(mS) - s
o | ]
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Kinematic D1str1but10ns of Y(1S5)-Y(nS)

@

TLAS Prehmlnary
£ pp, 13TeV &

139 fb 122
o e (x2 )ap””>30GeV

o ) x12<p’”‘<30Ger
"

19510:5;, o o (x2) ﬂpT“”<4GeV

S F oo, —PYTHIA

'O [

P~

<

~

-

1072

3 4
b, 1GeV]

1/ny dng /dA¢

o e x12<p’”‘<30caev 1
- x o« 4<p™<12GeV pp; 13T , 13910

pi*<4GeV
PYTHIA

(18) | =

(18)-(28) =©
% (15)-(3S)! =

Fooeom p"”>30 GeV  ATLAS Preliminary -

rateety, o

’.0 ."

o ® g bt S

*
R ™ TS L L

*

* Subtracted p distributions are consistent in shape with the UE and cannot be

described by additional jet activity

* For Y(3S) at p;" > 30 GeV = peaks around A¢ = 0 and A¢ :
Likely explained by feed-down decays Y(nS) — Y(1S), x,(mP) - Y(nS)
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Conclusion

UE in Z+jet events:

* All tested generators show significant deviations
with data for predicting UE activity R

* Herwig++ qualitatively performs best : g;ﬁgﬁep\;e:'gg“g}f i

* Important ingredient for future MC generator 50 - i
tuning efforts

(ny)

PYTHIA data

UE in Y meson production: oL
Significant difference in the charged particle 7 © e

multiplicity is observed 2 - e = Y(?S)ms)_ms)_

© Y(1S):< ng >=29.5+0.7 5 [, oovms

. Y(ZS) 12% less §4 %f ) PYTHIAw/o Y(n S)—)Y(mS) 8
- S

* Y(35):17% less 2

Differences are strongly momentum-dependent
- reduced for higher p&*
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