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» Simulation of Multiple Interactions
* Pythia 8 and Herwig++

» Double-Parton-Scattering

* Previous studies and parametrization

» Generator Study of Double-Parton-Scattering in
Photon-3-Jet events
* Model Predictions
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New models ready to use

» Sjostrand, Skands (Pythia 8)
* Flavour and colour correlations, junction topologies and the

relationship to beam remnants JHEP 0403:053, 2004
* Interleaving with initial-state radiation making use of transverse-
momentum-ordered initial- and final-state showers

Eur. Phys. |. C39: 129-154, 2005

» Bahr, Gieseke, Seymour (Herwig++)
e Eikonal model

* Forced splittings and colour connections JHEP 0807:076,2008

» Aim: Study models for
Double-Parton-Scatteringinpp = Yjjj @ Vs = 14 TeV
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Double-Parton- S_

» Double-Parton-Scattering (DPS):
* Two hard interactions in the same
proton-(anti-)proton-scattering

» Information on...
e Spatial distribution of partons
In proton
* Parton-parton-correlations

» Contributes to exotic final states ,

e Example: like-sign W pairs jet

» Double-Parton-Scattering inpp 2 Yjjj@ Vs = 14 TeV
* Process A creates photon-jet-pair, process B creates dijet-pair
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DPS-Paramet

» DPS comprised of scatterings A and B (A # B):
OAOB

ODP — >
eff

= 0. - effective cross section, process-independent

» Ocff Felated to number of collisions N:
(N(N — 1)) = (N)? Zhard

O eff

» Pythia: 0as = <fimpact™> OA OB / ONon-Diffractive
* fimpact - enhancement/depletion factor for MPI
* = P)'th|a "PrediCtS" Oeff = ONon-Diffractive / <fimpact>
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CMS, 3 UH
— % DPS Analysis: Jet "
i W—— [ o |

» Find pr-balanced pairs:
pT(jet k)

pT(jet%(jet i) » pT(jet i)‘ » pr(jet )

pr(jet )
» AFS solution:

min ( |ﬁTz —I—ﬁTj‘Q = |ﬁTl<; ‘|‘ﬁTl‘2 )

» UA2 solution (@ CDF): L ~ Lo
in ( pri +pri|* | PR + P )
pril + |pri|  |PrE| + DT

» This study: Follow UA2/CDF approach
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UH
Angular Correlations ']

» Disentangle DPS from Double-Bremsstrahlung (DB)
pT(jet k)

pr(jet 3)

pr(jet 1)
pr(jet i) pr(jet j) VS *___Q pr(jet 2)

pr(jet 4)

pr(jet )
» Make use of different correlations between jet pairs
* No correlation (DPS) versus strong correlation (BS)

» AFS solution:
e Study ADC) between pti = p12 and pT3 - P14

» CDF solution:
e Study A®™) between pT1 + pT2 and p13 + pT4
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UH
Tevatron Re i
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CDF 16 GeV y/m° 3 jets

» CDF analysis | -Vertex-Events i

e Choose pairs which
minimize event imbalance

* study AP™)

m Data

DP component from +
Two-Dataset-Method (52.6 %)

]
— Monte Carlo admixture: ﬁ
52.6 % DP)+ 47.4 % Pythia

» DPS model: admixture
* Pythia, MPI switched off

* add sum of min-bias and Y
+jet datasets
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P Ocis = 11 Mmb
Phys.Rev.D76:076006,2007

AD™) b/w pt’s of pairs (rad)
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Simulation Sett "

» Pythia 8.108
* Default: Multiple Interactions, ISR and FSR switched on
* MI: Multiple Interactions on, ISR and FSR off
 Shower: Multiple Interactions off, ISR and FSR on

PromptPhoton:all = on

PartonLevel:ISR = on / off
PartonLevel:FSR = on / off
PartonLevel:MI = on / off

» Herwig++ 2.2.0
* Multiple Interactions, ISR and FSR switched on

insert SimpleQCD:MatrixElements[0] MEGammadJet
insert SimpleQCD:MatrixElements[1] MEGammaGamma

florian.bechtel@desy.de MPI @ LHC 08, Perugia, October 2008



mailto:florian.bechtel@desy.de
mailto:florian.bechtel@desy.de

Jet Kinematics @

Jet transverse momentum threshold:

Pythia 8.108 (CTEQ5L)
I I I | I I I I | I I I I |

I I I | I I I I | I I I I | I I I I I
pp =y +3jets+ X @ 14 TeV pp =y +3jets + X @ 14 TeV

—h
<
—h
<

Default
— Ml
--=- Shower

Pythia 8.108

— Herwig++ 2.2.0

(nb / GeV/c)

—h
<
N

—h
<
N

p_ (nb / GeV/c)

T
T

do/dp
do/d

g —

1050 25 30 35 40 10%0 25 30 35
Min. pT(jet) (GeV/c) Min. pT(jet) (GeV/c)

Jets from Multiple Interactions (Ml) are soft
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Jet Kinematics

Jet pseudorapidity range:

Pythia 8.108 (CTEQ5L)

pp —v +3jets + X @ 14 TeV | 0.2 pp =y +3jets + X @ 14 TeV

Pythia 8.108 Default
— MI
===+ Shower

— Herwig++ 2.2.0

2
Max. h(jet)| Max. h(jet)!

Jets from MI produced in forward direction
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UH
Event selection ]

Tevatron LHC

n|< L n|<25
Er > 16 GeV Er > 50 GeV

Cone 0.7 kr 0.4
n| <42 n|<s
Er>5 GeV Er > 20 GeV

Ers <5 GeV Ers < 10 GeV
Ery, Er3 < 7 GeV Erz, Er3 < 30 GeV

This study: Hadron-Level Analysis
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Pythla 8.108 (CTEQSL)

ppey+3jets+X@14TeV

Default

UH
_i_ti_
n

Study balance between photon and hardest jet:

Pythia 8.108 (CTEQ5L)
I I | I I I I | I I I I | I I I I

Ad(y,jet 1) (rad)

pp =y +3jets + X @ 14 TeV

Default
— Ml
--- Shower

(ETi/E1(Y)) < | — Significant contribution from FSR
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Study azimuthal angle between pairs (CDF method):

. Ol 1 1 7 ]
CDF y/m 3 jets . pp —y +3jets + X @ 14 TeVf

= Data . - LHC Hadron Level

DP component from
Two-Dataset-Method
— Monte Carlo admixture }

Pythia 8.108
— Herwig++ 2.2.0

W

<_:
S

Number of Evenﬁs / 0.052 radians
1/o do/doAq) (rad™)
o
ol

m2 OO"'(;)i""é""
A¢(+)(pT(Yj) pT(jj)) (rad) A¢"(p_(v)),p_ () (rad)

Both simulations reproduce main features
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Study azimuthal angle between pairs (CDF method):

Pythla 8.108 (CTEQ5L)
0f—— T 0.4

pp =y +3jets + X @ 14 Te\f— i ppey+SJetS+X@14TeV

Pythia 8.108 Default

— Herwig++ 2.2.0
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1/o0 do/doAq) (rad™)
o
o1

—

o 1 2 3
A9 (p_(v]).p_(jj)) (rad) A9 (p_(v]).p_(jj)) (rad)

Herwig++ and Pythia w/o MI have similar shape
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n
Study azimuthal angle between pairs (AFS method):

-3 3 Pythi 8108 CTEQ5L
40_X1O T T T T T | 4OX1O ! |a ( ) ;

ppey+3jets+X@14TeV ] i ppey+SJetS+X@14TeV

Pythia 8.108 i i Default

L
-
L
-

— Herwig++ 2.2.0

5 30] 5
I c
<- : <-
3 207 3 20
@) . ®
© i ©
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—k
o
—k
-

A¢ (p(v]),p () (rad) 267(p (1),p_())) (rad)

Jets 2 and 3 from Ml only weakly correlated with y-jet pair
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Momentum Cor

» Bjorken-x correlations:
* For each event, study pairs

(enw) n en(jet))

i  Ero+ FEr3 ,
Ty = NE (e + e'M)
mgj — p:’:/(;) (6—77('7) 4 e—n(jet))
. E E
ZE‘%'] _ T2 + T3 (6_772 4 6—773)

2V/s

Enrich DPS content: cos AQ(Y, ji) < -0.9 & AY(j2, j3) < -0.9
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Compact Muon Solenoid

o . UH
Bjorken-x Analysis it

Bjorken-x correlation with and without Mi

Pythia 8.108 (CTEQ5L) Default 0 Pythia 8.108 (CTEQ5L) Shower
I I I I | I I I I | I I I I | I I I I I I I I | I I I I | I I I I | I I I I
pp =y +3jets + X @ 14 TeV _ pp — vy +3jets + X @ 14 TeV

o

Parton log_ x for Dijet
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Observe weak correlation for jets from parton shower
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UH
Summary

» Double-parton-scattering: Direct evidence for
multiple parton-parton interactions

» New multiple interaction models studied and
validated for LHC energies

» Correlations in angle and momentum studied

p Status: Herwig and Pythia suggest only small
impact of Double-Parton-Scattering at the LHC

» Studies with full detector simulation ongoing
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W Event selection

» CDF analysis (pp — Y/T° + 3 jets, 16 pb-')
Phys. Rev. D56:3811-3832, 1997

» Photon:

In|<I.lI
* Et > |6 GeV (— CDF inclusive photon trigger)

p Jets:
* Run cone-algorithm on calo-towers (R=0.7)
°|n|<42
e £ > 5 GeV
e exactly three jets
e two lowest Et-jets: Er < 7 GeV
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Compact Muo

Si strip tracker ECAL (PbWO4)

\

I
B ==
Si pixel — — ——
|

tracker — .

ﬂﬂ = “\\#/Il.i

J—— |

e Hadronic
HCAL Forward

not shown:

Solenoid magnet (B = 4T) Muon detectors CASTOR calorimeter
5.1< n <6.6
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CMS Calo

» ECAL: Lead Tungstate (PbWO,) crystals
* Coverage n| < 3
* High granularity An x A =0.0175 x 0.0175 (~80k crystals)
e ~ 26 Xo

» HCAL: Copper (brass) / scintillator
sampling calorimeter

* Coverage: [n| =5
e Granularity (barrel)

An x A = 0.087 x 0.087 (~40k cells)
e ~7-11 A (+ 4 A from HO in barrel)

» Calorimeter towers
* One HCAL cell and 5x5 crystals
e Overall tower threshold 0.5 GeV

* 82 towers in N and 72/36/18 towers in ¢
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Default PI

Pythia 8: CTEQS5L Herwig++ 2: MRST2001LO

HEPDATA
Databases

Q+x+x2= 1600 CeVax2 Qxx2= 1600 CeVsx2
up CTEQ5L up MRST2001L0

HEPDATA
Databases

down
upbar
downbar
strange
charm
bottom
gluon

down
upbar
downbar
strange
charm
bottom
gluon

—2
10
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Angular Correl

Angle between Jet 3 and Jet 2 / beam plane

X1Q-3. - | IIDythlia8l.1OE|3 (QTEQ5L? |

- pp =y +3jets+ X @ 14 TeV - 1~ Pp —y t+3jets + X @ 14 TeV

L

Pythia 8.108 - Default

— Herwig++ 2.2.0 | i — Mi
- - -== Shower

N
o

N
o

1/0 do/da (1 / rad/m)

05 s
a(]3, ]2 x beam) (rad / ) a(j3, ]2 x beam) (rad / «t)

Jet 3 mostly in plane of Jet 2 and beam
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1/0 do/da (1 / rad/m)

—
o

)

UH
Angular Correlations 2 S

Angle between pair’s decay planes

Pythia 8.108

— Herwig++ 2.2.0

g —

N

pp =y +3jets + X @ 14 TeV

05
oy xj1,j2 x j3) (rad / m)

1/o0 do/do (1 / rad/xw)

15

—k
-

&)

%10 Pythia 8.108 (CTEQSL)

| I
Default

— MI |

-== Shower |

pp =y +3jets + X @ 14 TeV

05
oy xj1,j2 x j3) (rad / n)

Decay planes ~ orthogonal
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