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D
ouble P

arton scattering
(D

P
S

)

•pp –
collisions

at 8TeV

׬•
ℒ
𝑑𝑡

=
20.2𝑓𝑏

−
1

A
ctivity

ofthe
underlying

event

•pp –
collisions

at 13TeV

׬•
ℒ
𝑑𝑡

=
3.2𝑓𝑏

−
1

(2015)
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D
PS m

easurem
ents

review
 

A
im

 to
m

easure
𝜎
𝑒𝑓𝑓

(effective transverse overlap area 
containing interacting partons)

ATLA
S

 m
easurem

ents

•
4 jets

(2016)

•
W

 + 2 Jets (2013)

•
2 prom

pt J/ψ
(2017)

D
P

S
 contribution

to
4 lepton

production

•
driven

by
gg-fusion and sim

ilarfinal 
state

as
H

iggs „golden channel“:

•
𝐻
→
𝑍
∗𝑍

∗
→
4𝑙
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Event selection•tw
o
𝑍
→
𝑙 +𝑙 −

candidates: sam
e flavour

opposite
charge

pairs

xleading
50

GeV
<
𝑚

𝑙𝑙 <
120

GeV
(inv. m

ass
closerto

𝑚
𝑍 )

xsub-leading
20

GeV
<
𝑚

𝑙𝑙 <
120

GeV
x4 lepton

m
ass

80
GeV

<
𝑚

4𝑙 <
1000

GeV
x𝑝

𝑇 𝑙+
𝑙−
>
2
GeV

•
veto

J/Ψ
:
 5

GeV
<
𝑚

2𝑙

•476 candidate events selected
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Sim
ulation sam

ples

S
ignal D

P
S

 (0.4 events)

•P
ythia8.175 using

LO
 

version
C

TE
Q

6L1

B
ackgrounds from

single
parton

scattering
(S

P
S)

xZ*+𝑏 ത𝑏
x2 tim

es
D

rell-Yan
x…
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D
PS signal extraction

•exploitkinem
atic

correlation
xSPS: both

pairs
balance

each
other

xD
PS: leptons

back-to-back (low
𝑝
𝑡 𝑍)

Train artificial neural netw
ork (AN

N
) w

ith:

•Δ𝑝
𝑇,𝑖𝑗

=
റ𝑝𝑇

,𝑖 +
റ𝑝𝑇

,𝑗

𝑝
𝑇
,𝑖 +

𝑝
𝑇
,𝑗

•Δ𝜙
𝑖𝑗
=
|𝜙

𝑖 −
𝜙
𝑗 |

•Δ𝑦
𝑖𝑗
=
|𝑦

𝑖 −
𝑦𝑗 |

•Δ
𝑖𝑗𝑘𝑚

=
|𝜙

𝑖+
𝑗 −

𝜙
𝑘+

𝑚
|
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D
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balance

each
other

xD
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𝑝
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) w

ith:
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=
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=
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𝑖 −
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Likelihood
(ξ

)
from

AN
N

•
Trained

to
discrim

inate
betw

een
D

P
S

 
and S

P
S

•
Feed-forw

ard m
ultilayerperceptron

x
21 inputneurons

(eq. from
before)

x
30 and 9 neurons

in hidden
layers

•
O

utput betw
een

0 and 1 representing
likelihood

forbelonging
to

D
P

S

•
E

qualnum
berofS

P
S

 and D
P

S
 events

used
fortraining

•
W

eighting
backgrounds

by
im

portance
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Lim
it setting

•M
C

 tem
plate

fit to
data

on ξ

fraction
ofD

P
S

 events
𝑓𝐷

𝑃𝑆
=
−
0.009

±
0.017

•profile
likelihood

ratio
w

ith
95%

 confidence
lim

it:
𝑓𝐷

𝑃𝑆
≤
0.042

translatesto
𝜎
𝐷
𝑃𝑆
𝑒𝑓𝑓

≥
1.0

𝑚
𝑏
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U
nderlying eventin Z 

boson
events

@
13TeV
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O
bservables sensitive to

the
activity

ofthe
underlying

event
C

ount all tracks
excluding

m
uons:

A
s a function

ofhard
scatter(𝑝

𝑡 𝑍): 

▪
C

harged
particle

m
ultiplicity

𝑁
𝑐ℎ

▪
S

um
oftransverse

m
om

enta
σ
𝑝
𝑇

▪𝑚
𝑒𝑎𝑛

𝑝
𝑇

▪
𝑝
𝑇

spectrum
overall events
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U
E regions

•S
eparation from

hard
scattervia 

regions
w

ith
respectto

leading
object( 𝑍

→
𝜇
+𝜇

−)

•R
egions in azim

uthal plane:
xAw

ay (recoil jets)
xTow

ard 
xTransverse
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U
E regions

•S
eparation from

hard
scattervia 

regions
w

ith
respectto

leading
object( 𝑍

→
𝜇
+𝜇

−)

•R
egions in azim

uthal plane:
xAw

ay (recoil jets)
xTow

ard 
xTransverse

xTrans-m
ax

xTrans-m
in 
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M
PI-enriched: low

transverse
thrust(𝑇⊥ )
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M
PI-enriched: low

transverse
thrust(𝑇⊥ )
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M
P

I
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U

E
 from
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(from

H
S

)



C
orrections

C
orrectM

C
 sam

ples
to

data

•
R

ew
eighting

to
accountforposition

ofinteraction
vertex

along
beam

line

•
R

ew
eighting

to
m

atch
sim

ulated
pile

up
distribution

to
data

C
orrection

to
particle

level
U

nfolding
procedure

•
B

ayesian iterative unfolding
x

8 iterations
for𝑁

𝑐ℎ , σ
𝑝
𝑇

and 
𝑚
𝑒𝑎𝑛

𝑝
𝑇

x
2 iterations

for
𝑝
𝑇

spectrum
 to 

converge

•
U

nfolding corrects for pile up effects
x

S
im

ulation and data driven cross 
check on pile up correction

•
B

aseline unfolding w
ith 

P
ow

hegP
ythia8 sam

ple
x

C
ross-check w

ith S
herpa 
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U
ncertainties

C
ategory

E
stim

ation
m

ethod
C

ontribution
S

tatistical
P

seudo-experim
ents

(depending
on 𝑝

𝑇 𝑍)
<<1%

 to ~10%
D

etectorrelated
•

R
econstruction

of
leptons

and tracks
•

P
ile-up

sim
ulation

M
C

 sim
ulation

D
ata-driven

cross
checks

2%
-5%

U
nfolding

uncertainties
(M

C
 priordependence)

D
ata driven

closure
test

C
ross validation

different M
C

 
sam

ples

4%
-8%

B
ackgrounds

•
𝑡
ҧ𝑡, E

lectrow
eak, 

M
ultijet

M
C

 sim
ulation

varied
cross

section
D

ata driven
analysis

N
egligible

(<<0.1%
)
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U
nfolded

results:
𝑝
𝑇

spectrum
 

•
accum

ulated
overall events

•
Y-axis

fraction
ofparticles

per 𝑝
𝑇 -range 

•
generalperform

ance
x

all generators
produce

higherfraction
of

particles
w

ith
low

est𝑝
𝑇

x
H

erw
ig++ tends

to
higher𝑝

𝑇
particles

x
G

enerator perform
ance

insensitive
to

x
region

(exceptaw
ay)

x
thrust

x
hard

scatter(𝑝
𝑇 𝑍)
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R
esults for𝑁

𝑐ℎ

•X-axis
observable

•Y-axis
fraction

ofevents
per 

observable bin

•N
orm

alized
to

size
ofazim

uthal
region

(𝛿𝜂𝛿𝜙
)

•S
herpa

fails shape

•P
ow

hegP
ythia

undershoots activity

•H
erw

ig++ shape okay’ish
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Sum
m

ary on results

•G
eneral shape

expectations
agree

w
ith

m
easurem

ent
xhigher𝑝

𝑇 𝑍
⇒

 higher U
E activity (im

pact param
eter, …

)
xaw

ay/trans-m
ax region dom

inated by H
S

•G
enerator perform

ance
xaw

ay region w
ell m

odelled (H
S

)
xconsistent w

ithin U
E

 sensitive regions (tow
ard/transm

in)
xpredictions im

prove for higher 𝑝
𝑇 𝑍
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M
ean values

•
A

ctivity
as

function
of𝑝

𝑇 𝑍

•
Visible jetpedestal

•
M

anifests underestim
ation

S
herpa

consistent slope

P
ow

hegP
ythia

too flat 
(consistent w

ith perform
ance 

on extra jet activity)

H
erw

ig++ strange feature at 
low

 𝑝
𝑇 𝑍

11.04.2019Lennart Adam: MPI @ ATLAS

24



C
om

parison
w

ith
otherm

easurem
ents

ATLA
S

 at 7TeV

•served
as

tem
plate

for13TeV
 

m
easurem

ent

•sim
ilarkinem

atic
selections

•sim
ilarunfolding

technique

•different P
U

 treatm
ent

•thrustand 𝑝
𝑇

spectrum
not 

included
then

C
D

F at 1.96G
eV

•D
rell-Yan lepton

pairs
from

proton-antiproton

•sim
ilarselection

fortracks

•slightdifference
forleptons

•bin-by-bin unfolding
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M
easurem

ents 
at different 

𝑠

•
M

atches expected
increm

entw
ith

𝑠

(N
ot in show

n in plot)

•
E

nergy extrapolation of 
P

ow
hegP

ythia
consistent 

for ATLA
S

 m
easurem

ents

•
S

herpa inverts behaviour
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Sum
m

ary 
U

nderlying event

•
S

tudy on U
E

 activity
x

in transverse
regions

x
as function of hard scatter 

x
M

P
I enriched (low

 thrust)

•
H

igh need for tuning on U
E

 for all 
generators

•
P

ow
heg+P

ythia8 w
ith consistent 

m
odelling of M

P
I and energy 

extrapolation

•
H

erw
ig++ qualitatively good perform

ance D
P

S
 w

ith
2 Z bosons

•
tw

o
𝑍
→
𝑙 +𝑙 −

candidates
from

P
S

•
A

N
N

 fordiscrim
iation

from
S

P
S

•
𝜎
𝐷
𝑃𝑆
𝑒𝑓𝑓

≥
1.0

𝑚
𝑏
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Backup
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Sim
ulation Sam

ples
G

enerator
P

D
F

Tune
C

haracteristics
P

ow
heg+P

ythia8
C

TE
Q

6L1
A

ZN
LO

•
H

ard scatter@
 N

LO
•

Lund string
m

odelfor
hadronization

S
herpa 2.2.0

N
N

P
D

F3.0
A

uthor
•

M
P

I m
odelsim

ilarto
P

ythia8
•

C
luster m

odelforhadronization

H
E

R
W

IG
++

C
TE

Q
6L1

U
E

-E
E

5
•

O
nly

generatorlevelavailable
•

C
luster m

odelforhadronization
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