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Track-based Underlying Event @ 13 TeV
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Track-based Underlying Event @ 13 TeV

Measurement of angular distribution of energy and of particle flow with respect to

[ ]
leading particle — as a function of ple,?d , Ad, and of track multiplicity (33 distributions)
e 2 goals:
- challenge the Monte Carlo predictions for new energy (average 5% accuracy)
- provide corrected data for new tuning/UE model development (Rivet)
(highly precise measurement < 1%)
* Phenomenology of UE — on top of “hard” process  .:
o,
— shower algorithms (initial/final) o os g®
el
— semi-hard MPI AR
[ - ®- V s
— soft MPI / remnant scattering SN
— color evolution and reconnection . ._,f;“.';,"
° :Z:?.;..“ %»
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Track-based UE @ 13 TeV

* New measurement of Underlying Event (UE) using the Minimum Bias (MB) data

2015 data, 1.6 nbt; MBTS trigger (> 1 hit) 99-100% efficient

Inner tracking detector |n| <2.5 (Run Il —new pixel ,,B“ layer; r = 25 mm)

low luminosity run — multiple vertex events removed ( > 3 tracks above 100 MeV )
track p, > 500 MeV, “primary” ( impact parameter below 1.5 mm)

66 M events with at least one track p,. > 1000 MeV

MBTS discs

8 segments in the inner
octagonal ring, 4 segments in the
outer ring

Y
/ -
2 connectors !Th'n Al support and screws

Connected measurements: Track-based Minimum bias at 13 TeV

Eur.Phys.).C76 (2016) 502, Phys. Lett. B758 (2016) 67

corresponding low luminosity measurements of low-p; charged particles (p; > 500, later 100 MeV)

focus on variables describing the entire event — mean p;, inclusive spectra of track transverse
momentum and pseudorapidity



Track-based UE @ 13 TeV

Measurement strategy: divide the phase
space to discriminate the UE sources

Regions in the azimuthal plane
(track ¢ wrt leading particle)

e Towards |Ad| <60°
e Away |Ad| > 120°

main flow of hard process energy insensitive to UE

leading charged particle

towards

|Ag| < 60°

transverse (min) transverse (max)

60° < |A¢| < 120° 60° < |Ag| < 120°

away

|A¢| > 120°

= 10° S E R E R RN BN~
E (b P> 1Gev ATLAS ]
. p, >05GeV, n[ <25 \s=13TeV, 1.6 nb" 73
Qo_l— 10 E
A ] «1| Data —— PYTHIA 8 Monash -

z  Pe, e PYTHIA 8 A14 --- Herwig7
S 10 — PYTHIA8A2 --- Epos N
4 '

Model / Data

pe* [GeV]

Transverse 60° < |[Ad| <120°

— sensitive to UE, according to Y p; divides into
—  “Trans-max“ — occasional occurrence of hard emission
— “Trans-min“ —only UE (MPI)

—  “Trans-diff” —wide angle emissions without UE
(Trans-min subtracted from trans-max)

all regions have to be filled to accept event s



Track-based UE @ 13 TeV

Nucl. Instrum. Meth. A 701 (2013) 17

LR LS IR IR IR LN IR R
Classical correction to particle level (N, >p, <pr>): 24E a) * Obseniedvalues
. . 2.2 cieo Poly 3fittoN=>1
* Event weighting: o E
cN e Poly 4 fitto N= 1
— trigger efficiency 185 e oenes
©r — Fitto 0<N< 1
— data-driven vertex reconstruction efficiency ~100% 160 ) D =
* Track weighting: (MC based) 145 E
— track matching 65 -85 % wrt track n and p; 1‘2;_ E
— non-primary track fraction — up to 2.3% for p; = 500 MeV 1_ E
. . . 0.8 e, —
- OUt-Of-kInematlc_range fraCtlon :IIJllllll IllJI JIIlII{ L1 II lIJLIILllL:

-1 0 1 2 3 4 5 6

Correction to particle level — for |Ad | region dependent observables N

— effect of “reorientation” may disrupt the measurement — few per-cent level effect
— HBOM method (Hit Backspace Once More):

Smoothly varying observable value in a bin when “track reconstruction” is applied

(track reco efficiency is known)

Let’s apply it 4 times to data (for each bit each observable) and extrapolate it back

to “-1“ step (2nd order polynomial) = get the distribution as there would be 100% efficiency

Compared to MC unfolding



Track-based UE @ 13 TeV

* observables insensitive to diffraction (by construction), max 2%

* non-collision background events negligible

* 2D event/track distributions measured - mean value 1D distributions (profiles)

— number of charged particles N, As a function of

— scalar sum of transverse momenta }p; - leading track p;
— average transverse momentum of particles <p;> - Nch (in different regions)
— all as densities per 6nd¢ unit (6n =5, 6¢=2m/3...) - |Ad|
6 transverse = both max + min
-~ L L I L DL AL L = IS I L L L L L B L L L
£ 25T p >05GeV, <25 ATLAS ] % [ p,>05GeV, <25 ATLAS |
& | \s=13TeV, 1.6 nb™" | = 7F \1s=13TeV, 1.6 nb™"
5 ol B 0‘8‘ C - ]
< 5 6:' * Towards region o
¢ ~ L a4 Transverse region
L L] B = — —
1.5 cabe s *® : 5 " 55 Away region ¢
B - - 1 ~ - L] 4
e ] 4r . .
[ o aaaas a0 o : o * ]
1+ o LA _ C ° E
C ot - pedestal effect - : 3 Lot ]
L J L o ]
i :A e Towards region - 2r o’ ]
0.5t . - r .'. A A A A A
! s Transverse region - [ 0% il akadd 4 A A A4 ]
a ] 1 e 1ass .
£ Away region ] ot ]
0'. R I B R BT B 021 AT I B R BT B
5 10 15 20 25 30 5 10 15 20 25 30
lead lead
P [GeV] P [GeV] .



Track-based UE @ 13 TeV

(N_/ 8180)

Model / Data

Transverse region with lower

16— 71— 7 7T T ] =
4 4 Trans-min region ATLAS ] S s af
[ p,>05GeV, <25 \s=13TeV, 1.6 nb™ =
125 pl > 1 GeV E = 12
- a1
C -l
0.8 ~ 08
0.6F 0.6
0.4 &% Data — — PYTHIA 8 Monash 0.4
| KA PYTHIA 8 A14 --- Herwig7 ]
0.2 — PYTHIAB A2 --- Epos . 0.2
o
[18]
)
o)
e)
[e)]
=
L Ll [ N Cl .
5 10 15 20 25 30
p7* [GeV]

pr— MPI enhanced

—
(o2}
T

Trans-min region
p, > 0.5GeV,n| <25

2F P > 1 GeV

e Data

— PYTHIA 8 A2

— 1 r T T T [ Tt T [ T

o H— PYTHIA 8 A14 ---

LA L R B B L L B

— — PYTHIA 8 Monash
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Epos
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the strongest pedestal effect among the regions

Plateau

- best Pythia8 Monash and Herwig7

- Pythia8 A2 and A14 off by 10%; Epos by 20%

p‘fa" [GeV]



Track-based UE @ 13 TeV

(N_/ 8180 )

MC / Data

MC / Data

(Zp/ ndp)[GeV]

MC / Data

MC / Data

L I B L e I L
| p,>05GeV, <25 ATLAS |
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10— ® p'Tead>10 GevV e PYTHIA 8 A14 —
A p'Tead >1GeV — = PYTHIA 8 Monash
K --- Herwig7 |
1;1 S A =
Bhgg o R e erbrrterey
B

Ly | ' | IS T R N BT ] . | :
11—, p'*ad > 10 GeV ]
:I.—._| T_- [RE N -
1-—. re, = . 'I_-—|,—|‘_‘__'__.-._'__r—|_

0.9 3 —
0_3—'5-__\, RS SRR S itk Rl
-| 2;:—_1—1_'L.._‘_‘__- pl_?ad>1 GeV _____
1 PP SRANT i iRt A A s e s
0.8 < Tv-eee_l. RSP

0 20 40 €0 80 100 1z0 140 160 180
|Ad| [degrees]

Toward Transverse Away

Epos stands for 1 GeV but looses for 10 GeV selections
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No model describes both N, and > p;



Track-based UE @ 13 TeV

{mean P ) [GeV]

Model / Data

Transverse region

13— 77 7T
- Transverse region ATLAS
125 b >05GeV, <25 \s=13TeV, 1.6 nb™"
r lead
11 P > 1 GeV
1 =
0.9 : .
r over- estimate
0.8F =
. —— PYTHIA 8 Monash
/A PYTHIA 8 A14 --- Herwig7 B
L — PYTHIA8 A2 ----- Epos .
:l 1 L 1 1 L 1 1 I I 1 ] 1 L I 1 1 1 I L 1 I:
T 1 L
1.05¢
)
0.95[ *-=
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Best: Epos < 3%

N, (Transverse)

* Connections between p;and N,

{mean p_ ) [GeV]

Model / Data

T

not as flat as N_, and Sp+

!

1.5
1.4
1.3
1.2
1.1
y
0.9

LIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.8+

0.7

T T T T T T T T T T T T T T T T T T T
I I T T T

Transverse region ATLAS
p, >0.5GeV, n| <2.5 \s =13 TeV, 1.6 nb™
p'Tead >1 GeV l

s Data —— PYTHIA 8 Monash
----- PYTHIA 8 A14 --- Herwig7
— PYTHIA8 A2 ---- Epos

p'fad [GeV]

Best: Herwig7 < 1%
(above 5 GeV)

* Sensitive to color re-connection
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Exclusive yy—utu~ @ 13 TeV

submitted to Phys. Lett. B
http://inspirehep.net/record/1615866
https://arxiv.org/abs/1708.04053
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Exclusive yy—u*u” @ 13 TeV

Signal modeling:

interacting photons = quasi-real photons around the proton

e Equivalent Photon Approximation (EPA) . —
low virtuality (Q? < 0.01 GeV?) = back-to-back muons "

Main data sample:
Herwig7 generator as LO yy—> 'ty
using EPA initial photon flux input

Second data sample:
SuperChic2 generator

Pure electroweak process in pp collision
Protons remain unbroken — elastic scattering

Measurement without forward proton detectors
— exclusive track selection and specific kinematics employed

Connected ATLAS measurements:

— exclusive dilepton production @ 7TeV: Phys. Lett. B 749 (2015) 242

— exclusive WW production @ 8 TeV:  Phys. Rev. D 94 (2016) 032011

MA A A
Y. 300

MA A A
— S S AVAVAVAVARRNS
('\IE i r/ v' ‘v ‘1
"I:_ ] (_
> 0.01
e - A
5 0.008 BEE
8 L/
= - — ©=20GeV
T 0.006 —
- — - ©=50GeV
0004- ---- » =100 GeV N
7 TeV |
0.002H = ]
: Phys. Lett. B 741 (2015) 66
ol R Ermtr o E s gy S ]
0 1 2 3 4 5 6 7 8
b [fm] 12



Exclusive yy—u*u” @ 13 TeV

Background processes:

p

parallel QCD
interaction

p

Proton absorptive effects

- measured via "Survival factor"

- EPA corrected by finite-size parametrization
photons have to be outside proton, r > 0.64 fm

Single- and double-proton dissociation
Single: Lpair + JetSet
(Brasse and Suri-Yennie structure functions)

Double: Pythia8

Drell-Yan (+ ttbar)
- Powheg-Box + Pythia8 + Photos for FSR QED

- also include absorptive effects

Total Z/v* Z[~y*
Data  Signal background | S-diss D-diss — pTp~ — 777~  Multijet tt
Baseline selection 2933384 5740 2897000 8640 8000 226 3000 10900 590000 12200
1 mm vertex isolation 14759 4560 11100 6840 300 3900 30 50 0
my+,~ <70 GeV 12 395 4420 8800 6420 300 2000 30 50 0
p%—l_“ < 1.5 GeV 7952 4370 4300 3550 60 670 7 10 0

76% of signal remains

41% of bkg single-dissociation remains 13



Exclusive yy—u*u” @ 13 TeV

Baseline selection:

2015 data, 13 TeV, 3.2 fb?!
2 kinematical selections merged into one fiducial region (two triggers)

Events /5 GeV

Data/ MC

10°
10°
10*
10°
10?

10

1

3M candidate events

¢ Data
5% DY Ny, model. uncertainty
B 2y -p'p
1 Multijet

IlllIllllll|lllll|IIIII[III]III|IIIII

ATLAS
\s=13TeV, 3.2 b

2y =1t
I t

[ D-diss yy—u'p
<+ [ S-diss yy—utu (post-it)
: [ Exclusive yy—p*u (post-fit)

Baseline selection
+ 1 mm vertex isolation

L|,| IIIII|_|,|,| IIIIII|,|,| 1111

1 IIII|_|,|,| 1 IIIII\Il 1

| _|-|T|'|T|'| IlIII|'|T| IIIII|'|T| IIIIII\II IIIIH|T| IIIII|T|'| IIIIII|T| TTTIT

[
[
I|I|IIllllllIII|III|III|III|III
T

[ W E
* ¥

u

20 60 80 100

30 GeV jump

120

140

160 180
m,., [GeV]

* p(n)>6GeV
- 12<m <30 GeV

pr(1) > 10 GeV
- m,,>30GeV

In(W)| <2.4
standard muon track quality and

isolation requirements applied;

Common di-muon vertex reconstructed
— both muons have to satisfy:

|z,| *sin@ < 0.5 mm
wrt the dimuon vertex

15k candidate events L4



Exclusive yy—u*u” @ 13 TeV

Exclusive selection: 12k candidate events

- remove event if there is a track:

p; > 400 MeV

In| < 2.5

|Z,t%] <1 mm - wrt the muon vrtex
-m,, <70 GeV

DY modeling overestimates the track spectrum
correction applied based on control region data

on vertex

L

\ 1 1 | )

T J" _1 Y
minlmm' \_Y— min 1 mm

(*sinB) max 0.5 mm

Events

Data/MC

Events

Data/ MC

DY control region

' T T "% Data ‘ ‘
1 03 ATLAS 2¢5¢ DY N, model. uncertainty
R B 2yt —u'
JE 1s=13TeV,3.21t" [ Multijet
10 O 2y =Tt
10°F Baseline selection T

10° ) E %ﬂﬁ%ﬁlﬁ‘l’}ﬁ"?ﬁgﬁ.nn
10° '

10°

10?

2 3 4 5 678910 20 30 40
Tracks associated with dimuon vertex

signal region

i ‘ "% Daa '
108 ATLAS 9255 DY N, model. uncertainty

oY
JE \s=13TeV, 321" =T
10 o Zy >t

108 Baseline selection E E,diss o
I S-diss yy—u‘p (post-fit)

10° «— [ Exclusive yy—u - (post-fit)

10 {12 GeV < m,, <70 GeV
1 i orm,., > 105 GeV

2 3 4 5 6 7 8910 20 30 40
Tracks associated with dimuon vertex
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Exclusive yy—u*u” @ 13 TeV

I D-diss yy—p'w + Ziy"—p'y

- p**< 1.5 GeV

N 2500_I T T T I T T T T | T T T T | T T T T | T T T T T T T T
° ° o 1
Exclusive selection: S [] 12Gev<m,. <70Gev ATLAS
. ~ 2000}~ i I1s=13TeV, 3.2 fb"
12k candidate events £ I
[4)) L
. . > L Dat
* signal signature: back-to-back i 1500¢ ® pam o
r [ ] Exclusive yy—u'u (post-fit)
in transverse space 1000~ [ ] S-diss yy—u'w (post-it)

500

g

(EJ ]
> 106 E T T T T I T ‘ T T T T I T T T T ‘ T T T T | T T T T 3 ~ ) ;
() S ¢+ Data 3 © :
0] - ATLAS 2205 DY N, model. uncertainty © 0 8 +
0 10°F \5=13TeV,3.210" = E o O . . . . .
: E O 2yt 7
S o ;_4- E‘E,_diss o _; 0 0.01 0.02 0.03 0.04 . 0.05I 2.06
® =¥ [ S-diss yy—ptu (post-fit) 3 “’ “ acop anari y
CICJ 10° i [ Exclusive yy—u'y (posi-fit);
i £ Baseline selection E ﬁ
- + 1 mm vertex isolation 1
10°E +12GeV <m,, <70 GeV 3
F » 3 .
ol i ] Acoplanarity: 1-|Ad,,|/m

- used for binned max-log-likelihood fit
- Double-dissociation and DY fixed

S 12- | AR

= 1;.M1 l|{l| N ‘

g 08; RaRE T‘TT | I | | E

o VO . ‘ . Jdo ) T, 1 in-bv-bi
e o NV S S S wn RS A (data corrected bin-by-bin)

pl_ll-*ll' [GeV] 16



Exclusive yy—u*u” @ 13 TeV - results

Integrated fiducial cross section

measured: o)

yy—ptp-
EPA + corr. 0, .+, =3.06%0.05pb
SuperChic2 0, .+, =3.4510.05pb
— 0.37I T TT | T T 77 | LU | L | LI ‘ L I T 17T I7 <
T ATLAS : 5
5 0:25¢ k3 Is=13TeV,3.2fb" <
= C ¢ Data o
2 0.2 I Stat. uncertainty = Eb
Ej' : —i— F Stat. @ syst. uncertainty
2 o0.151 -
b - —— EPA + finite-size correction
R S SuperChic2
- L Theory uncertainty
0.05F _
- L 1 L1 | 1 |? L1 |
O . - T
= 1.2 7 =
Q11 o -
§ o S+ * i
-C - - 1 1 1 L L 1
= 0 10 20 30 40 50 60 70
m,.. [GeV]

* Finite-size parametrization describes data
e SuperChic2 overestimates data by 10-20%

=3.12 + 0.07 (stat) £ 0.10 (syst) pb (~4%)

x = fractional energy of photon
x>=<m g, >/ Vs

— —
w

—r
N

1.1

1

0.9

0.8

0.7

T T 1 T I T I
ATLAS s =13 TeV, 12<m <70 GeV
CMS s =7TeV, Moy > 11.5 GeV
ATLAS \s =7 TeV, M. > 20 GeV
ATLAS \s =8TeV, M > 45 GeV
—— EPA + finite-size correction
------- SuperChic2
I Stat. uncertainty

F Stat. @ syst. uncertainty
Theo. uncertainty

tp 4l i

ATLAS

< > S &

I|IIII|IIII|IIII|IIII|IIII|IIII{II

—
o
w

5x10° 102
<m.> /\s

2x10°  3x10°

Survival factor = data/bare EPA = 80-90%
Does exhibit mass dependency
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Correlations in ordered hadron chains @ 7 TeV

to be published

18



Ordered hadron chains - motivation

* How are the early stages of hadronization?

* |sthere screwiness at the end of the QCD cascades?
B. Andersson et al., JHEP 9809 (1998) 014
- “emission of soft gluons is constrained to produce an ordered field in the form of a helix”
- e.g. meant as a modification of Lund string fragmentation model
- collinear gluon emissions are absent

* Quantization of the helix string
S. Todorova-Nova, Phys. Rev. D 89 (2014) 015002
— string of tension k (~1 GeV/fm) is described by radius R and phase ¢

string axis



Quantized helical string fragmentationx N

e String quantization assumed in transverse coordinate
Roé=>nRA (n=1,23,..)
* Mass spectrum of light mesons (m,n,n’) fit
—> string breaks at regular A¢ intervals, kR = 68 + 2 MeV
n=1for pions > Ad=2.82 + 0.06 4 2lmost back-to-back
(analysis focus on ,,ground state pions” — lack of particle identification)

* Model predicts: minimal momentum difference Q for adjacent hadrons!

— minimal mass of n hadron chain Q)= \/ IJz p;

20



Quantized helical string fragmentation

Pair rank difference 1 2 3 4 5
Q expected [MeV] 266+ 8 91+3 236+ 7 171+5 178+ 5
Phys. Rev. D 89 (2014) 015002
 Hadron pairs are ordered along the string (ranking)
* Local charge conservation A rank 3
: | |
— rank 1 pairs always + — rank2 |

— rank 2 pairs always + + or — —

* Helicity conservation

- momentum difference constrained

|

ta]

\
] rank 1)
( }

N4

1

21




Ordered hadron chains - strateqgy

* Two-particle correlation function A(Q) —

(N(@Q)T™ = N(@Q)*+/=7)

of 4-momentum difference Q Ne

Q = /= (pi — p;)? R
% 0.006]-

showing the average difference between

opposite- and same—sign hadron pairs  0.004

Subtraction (instead of ratio) eliminates 0-002

the combinatorial background ; . Herwigi+ 7
. . ~ 0, ........ B ~ Pythia8 e o]
(distant pairs mostly A(Q) ~ 0) 3 .‘; i, rank i< 2 ]
_T'olz' 04 T os  os 1

Full-event MC do not even indicate the ' ' ' '
rank 2 rank 1 Q [GeV]

enhanced production of same-sign pairs over

the opposite-sign pairs at low Q (<200 MeV) ~91 MeV ~ 266 MeV

nicely confirmed qualitative predictions

Well, rank is not known —what to do? for rank 1 and 2 hadron pairs )



Ordered hadron chains - strateqgy

Novel approach: let’s measure pairs within hadron triplets: ™ n™ or m ntm-

triplets are designed to best correspond to the hadron chain from the same string

breakup = powerful probe of the correlation between particles

(ranks 1 or 2)

—> small 3h chain mass expected: m3, <570+20GeV (m, ,<nkRAd)

How much A5, (Q) describes the inclusive A(Q)?
- actually it agrees fully up to 200 MeV

—_

-> fitted to get the 3h chain mass limit < 0.006
-> result: m,, <590 GeV
0.004
rank 2
I
i | 0.002
0

Rivet routine provided!

Data,\ s=7TeV, 190ub™

® Ainclusive
A Aah! m3h < 0.59 GeV

++M+++
g
t

!

region of adjustment # 1

¢ ﬁ# .

ATLAS Preliminary | ' |

g { b ]
Jo %

| tn M

_. &

- [} o .‘* 7]

- ®oee0? i

| L L -
107 13



Ordered hadron chains — measurement

o(A)/N(Q)

Event selection

— 7 TeV Minimum Bias 2010 data, 7ub, low luminosity run

— Low-p; enhanced track selection: p;>100 MeV, |n| <25, n,>1

— HBOM semi-data driven unfolding

— Additional correction (+ systematics) for track pairs reconstructed with small

opening angle (low Q)

— MC: 86% pions, 9.5% kaons, 4% protons/antiprotons, 0.5% leptons. ~ 2.3% non-primary particles

- L | —]
0.02- -
_ Data,\s =7 TeV, 190 ub™ N
0.01~ ATLAS Preliminary =
ol P
— /----—_7
E Scaled systematic uncertainty o(A)/N(Q) E
-0.01— combined ]
= small opening angle -
- non-primary tracks ]
-0.021— correction procedure i
C 1 | 1 1 1 1| 1

10™
Systematics for A(Q)

1

Q [GeV]

an(Q)

<

0.001

-0.001

C ] — ]
— ATLAS Preliminary i¢£ﬁ"* —
- _L 0= —
| \s=7TeV, 190ub" 4 * _
B -+._-;I -o_-o-'o'-o-ho-'o'_o_a:-.- |
o 1 - g |
o= =
N— AT e
L SEE 1
- 4 -D-_D_ o +_D_'°' i
-4 -‘H:*} * Data i
= + - +_.+._D_'“' Herwig++ .
T Tt PYTHIA8 B
- 1 _
| | 1 1 | L
0.1 0.2 0.3
Comparison to MC for A, (Q) QIGev]
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Ordered hadron chains — results

* triplet hadron chain (3h) measurement does reproduce the observed abundance

of same-sign hadron pairs when upper mass (m;,“t) of the chain is adjusted!
(by interpolation from 0.58, 0.59 and 0.60 values)

—_—

< 0.006|- S ]

t | Data,\'s=7TeV, 190ub" i
m, =591 % 2 (stat) + 7 (syst) MeV s T ++M+ _
0004__ 2 Ay, m, < 0.59 GeV ]

region of adjustment #+ 7]

0'002; ATLAS Preliminar ++ % s

* Double-Gaussian parametization of A;,(Q) | Ay g b
3h n +++““g‘ +++ _
Q(++ or—-)=89.4 + 0.4 91 + 3 o, e N Moned
L ¢ L4 _

Q(+-) = 255.8+ 0.5 266 + 8 R * e ereaet §
P P w1

Q [GeV]

measured model predictions 1 T

Existence of these thresholds is a fundamental feature of the

quantized helical model of fragmentation!
25



Ordered hadron chains

0.1

* New measurement connections:

0
“Measurement of the azimuthal ordering of é
charged hadrons with the ATLAS detector” Y
- Phys. Rev. D 86 (2012) 052005

1 1
SE(CU) =1+ N— Z —Z COS(&)AXU' - A(f)u)

€V event Nch 17

low p; enhanced sample

LI I o

- ——

'0.2 TR T

po

= Data 2010
N,>10, max(p, )<1 GeV ~e PHOJET
p,>100 MeV, In 1<2.5 == PYTHIAB 4C
= PYTHIAS AMETZ2b

T T ™ T T
ATLAS
s=7TeV

-
b

= HERWIG++ UET-2
[N T T [N TN T T N T TN T NS Y S T Y S MY M

C,Q—Illlllll

1.5

power spectrum; hadron with azimuth ¢ and position X along the chain  x; =0.5E; + 3 E,

Q)

“Two-particle Bose—Einstein correlations in pp collisions
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- incoherence/chaoticity parametrized model

- the very same data as new measurement - compared
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Summary
 Track-based UE @ 13 TeV:

— new track-based measurement reaching lower p

lead

T and higher precision (1%)

— roughly 20% increase in UE activity wrt 7 TeV
— MC predictions within total 5% accuracy — systematic mismodeling shown

* Exclusive yy—u 'y @ 13 TeV
— production cross section measured — integrated & differential in dimuon mass

— survival through additional QCD interaction approx. 80-90%, tend to decrease
with dimuon mass

e Helical string fragmentation @ 7 TeV
— two-particle correlation spectra in Minimum Bias data
— unique observation of "adjacent" hadrons — via 3h mass restriction
— 4mom. difference: same-sign pairs at 89.7 MeV, oposite-sign pairs at 266 MeV
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Back-up




Ordered hadron chains — Dalitz plots
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Ordered hadron chains — Dalitz plots
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Ordered hadron chains - ratios

Identical data — two different physics interpretations
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Quantized Helical sting fragmentation

- causal coherent production

- model predicts momentum thresholds
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Bose-Einstein interference

- incoherent probabilistic production
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