Measurement of long-range correlations

in Z-tggd pp events withAAS

bl

{

\
\

,”

\

W
\

Ada Trzup

"#1$5%&

19%/0%123%#*!

+

|+

)1*&%

OF

o
c
e
o
¥

(%))
Q
®)
@
| -
o
©
o+
Q
C
o]0]
q0)
&
@
| -
)
O
@
Ll
e
-
O
©
| -
q0)
L
-
@)
Q
o
-
Q
| -
Q
Y—
-
@
@)
©
-
o
+—
q0)
C
| -
Q
)
m

ow,

V4

Krak

=z
<
(ol
(%)
=
(%)
>
-
(o
| -
O
£
o
>
=z
(T
@
Q
o+
-
S=
)
(%)
=

(00)
i
o
(@\|
(V)]
()]
o)
o
—
(o
O
-
(q0]
I
n
-
9
A
I
@)
(-
(48]
@
o
>
=z
>
o]0]
—
()
c
T
-
.20
I
Y
@)

c0
i
o
(@\
Te)
1
i
i)
O
O
Q
o
-
(©
| -
LL
n
=
(¢
T
()
Q
0
X
<



Ridge in High Multiplicity p+Pb and pp Collisions

p+Pb ridge pp ridge
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PRC 90,044906 (2014) PRL 116, 172301 (2016)

Strongly interacting QGP in small systems?



Constraining pp Geometry

PRC94 (2016) no.2, 024919 PRL 116, 172301 (2016)
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e Fluctuations in the internal structure of the nucleon may lead to a
strong correlation of 4, with $, being at the same time independent
on multiplicity (PRC94 (2016) no.2, 024919)

e Presence of Z, a handle on the 00 collision geometry
— Measurement of 2PC in events with the Z boson

ATLAS-CONF-2017-007 — Measurement of long-range azimuthal
correlations in Z-boson tagged pp collisions at 8 TeV 3




8 TeV pp data collected in 2012 during Run 1
e - =19.4fb™1, high-luminosity data, u ~ 20

Int

e Collisions contain Z boson

* Z>p'w: 80<5 <100 GeV,O*>20GeV, |64 <2.4

e 2PC are obtained with charged particles reconstructed in ID
* p;>0.4GeV, [n|<25
* |7]<0.75mm, 7'=891;19,,,=I>247

* All tracks belonging to Z-vertex (direct tracks) — n,, direct

. A219 >2DH, | $B@DI'FY

* Background (plleup) approxmated by Mixed event sample
 Random selection procedure (ATLAS, Eur. Phys. J. C74(2014)3195)
 Mixed events contain tracks from different events at the

same instantaneous luminosity g and run as the Z-boson
 Mixed event tracks fulfill: | 7 |GD.75 mm (w.r.t. Z-vertex)
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Pileup Background from Mixed Events
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Background Parametrization
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* Mean number of bkgd tracks,!l Jdepends on pand z,,

| is used to select (bin) events for 2PC pileup correction



Probability Distributions for n,, % and n,,, med
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o # Jrect distribution for | < 0.5 is treated as #,, € dist. (no pileup)
* For 9<1<9.5, #_ direct dist. for #,,9"t>100 is dominated by pileup
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Template fitting method

The pileup corrected two-particle correlation function is fitted
with template function to separate non-flow (e.g. dijets) from the
ridge correlations (PRL116 172301 (2016), PR C96 (2017) 024908)
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« Kemplsyccessfully describes K& Mdistributions in different ranges of #,,, diret

» The factorization is used to obtain <,: !,("3,")="1,("),(".) 10



Two-particle correlations with pileup

Comparison of <, obtained from template analysis with and
without pileup correction

—

ATLAS-CONF-2017-007

— o T [ T [ " T T L) — T [ T T [ ' ] T T T [ T T
(UQ'_ L ATLAS Preliminary 2.0<lAnI<5.0 . O [ ATLAS Preliminary 2.0<lAnI<5.0 N
\;{\10_1_ Template Fits 0_5<pa’b<5_0 GeV — 8 1.2~ Template Fits o_5<p:_’b<5_o GeV
| pp, Is=8 TeV, 19.4fb™ T i S [ pp, 1s=8TeV, 19.4fb™ .
| Z-tagged events ] 8 - Z-tagged events i
S~~~ = .
O
- ¢ e 4 o D A
n q] [ 0O - [ &) N -
O | o
0.05F O g g - [{] -
I . . . I o [ . . |
i 0 No correction for pileup (vs #,,direct) - % 0.8 q] 7]
| e Pileup corrected (vs #,, &) i 5 i [{] + 7
i - = | i
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 } - 1 I 1 I 1 I 1 1 I 1
0 20 40 60 8|0 100 N 0 20 40 60 8|0 100
S|gna direct S|gna direct
trk or ntrk trk or ntrk

* Pileup correction increases <, by ~20%
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< in Z-tagged events compared to inclusive 5 and 13 TeV pp results
ATLAS-CONF-2017-007
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 No multiplicity dependence observed
* Integrated < is 8 £ 6%* larger in Z-tagged events than inclusive <,
 Expected decrease, for constrained initial geometry not observed

QO’ R>O%B*1F3!2#!B"((2>2"#>!B"#*'Z#Z#D!SR$">"#!2>!&'1A%1!*&'#!2#!2#B$§:



* ATLAS measured long-range two-particle azimuthal correlations
in Z-tagged 00 collisions at v>= 8 TeV
* Constraining initial pp collision geometry => origin of ridge
* First measurement of 2PC in high-pileup samples
* |uminosity Tr 20
* Up ~20% pileup-correction to <,
* v, in Z-tagged events shows no dependence on #,,, 5&"!
* thev,is 8 £6%* larger than in inclusive 13 TeV 00 coll.

Method can be used in other high-pileup measurements in
future HI analyses

QO’ R>0%B*1F312#!1B"((2>2"#>1B"#*' 2#2#D!SR$">"#12>1&'1A%11*&'#12#1 24K (F:
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ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
/ \ |

Tile barrel Tile extended barrel

LAr hadronic =
end-cap (HEC) —)

e \ = LAr electromagnetic
N | e g end-cap (EMEC) 4’
| \ r e w) VY )i e N
; R\ \ SaEN 55, ; ‘ :
K :.:_'j" . . /r } b o -

/ / \ N
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Three main subsystems:

* Inner Detector — tracking

. Inl<2.5,p>0.4GeV —
* Calorimetry — |n|<4.9 O\ =
* Muon Spectrometer - |n|<2.7 |

\ \ Barrel semiconductor tracker

Fast trigger systems: Pixel\detectors

e Levell (L].,ha rdwa rE)’ to 75 kHz //‘ Borre.l'transiﬁc.)n‘radiaﬁon tracker
e L2andL3 (SOftwa re)’ to ~200Hz S V End-cap fransition radiation fracker

\ . End-cap semiconductor fracker

15



Background Parametrization
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Two-particle correlations with pileup

irs

As Direct event has contributions from
both Signal and Background tracks,
2PC has to be corrected for pileup:

Signal®xSignal® = Direct?xDirect®
—Signal®xBkgP — Bkg@xSignal® .
— Bkg@xBkg"

Assuming: <Background> = <Mixed>
<Signal> = <Direct> — <Mix>

<Signal®xSignal®> = <Direct®xDirect®>
— <Direct®>x<MixP> —<Mix?>x<Directt>
— <Mix@xMixP>+2 <Mixa>x<MixbP>

Averaged over all v conditions (v < 7.5) and in 70 <
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Muon inner detector tracks excluded from 2PC
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Systematic uncertainties for v,

Source n‘:;lfnal range Uncertainty [%]

Choice of peripheral bin 30-70 7-3
70-100 3

Tracking efficiency 30-100 0.5

Pair acceptance 30-100 1

Mixed and Background equivalence 30-100 2

Accuracy of background estimation 30-100 1

Uncertainties in transition matrices 30-100 2

Pileup correction procedure 30-100 3.5

Total 30-100 6
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Mixed tracks p; and n distributions

n mixed < 5

ddn dp_ [arb. units]

mixe
trk

1/n,,d°n

19



