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[ The LHC as a precision machine

[/ Examples of analyses from the top and diboson final states
MThe underlying event description and color reconnection modeling
lZCoIor reconnection tunes

KZPerformance of the color reconnection tunes in PYTHIA8

NEW]

[/ Studies of double parton scattering

[ Going beyond DGLAP g NE—W—F

ZFocused on recent results where possible
gEmphasis on exploration of novel regions of phase space
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Inelastic collision cross section
~1011 pb

Vector boson scattering
(electroweak ZZ) ~10-3 pb

At the LHC, 14 orders of
magnitude probed in cross
section

Excellent agreement with
predictions

powheg
amcatnloFXFX
powhegMiNNLO
pythiaOnly
madgraphMLM
sherpa
madgraph
other generators
evtgen+pythia
amcatnlo
herwig
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MC production split by events
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. EW,Zyy,Wyy: fiducial with W—lv, Z—l|, =, Th. Ao, in exp. Ao
All results at: http://cern.ch/go/pN;j7 pr e o nin exp

M Currently majority of samples generated at next-to-leading
order at matrix element level

[ In most cases, showered and hadronized with PYTHIAS
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http://nuhep.northwestern.edu/~sapta/GeneratorUsage/piechart_UL_events.html

| The LHC as a precision machine CMS

1 Examples from the top sector H

Compact Muon Solenoid
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P, ly(tt)
Measurement of differential cross sections Measurement of differential tt production
for the production of top quark pairs and of cross sections in the full kKinematic range
additional jets in lepton+jets channel using lepton+jets events

IZIn many cases theoretical uncertainties (including modeling and cross section uncertainties) are (becoming) dominant

MExperimentaI uncertainties, such as those associated with the luminosity expected to be lower (~1%) at the HL-LHC
(Beam Radiation, Instrumentation, and Lum|n03|tv (BRIL TDR))
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https://cds.cern.ch/record/2706512?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112003
http://arxiv.org/abs/2108.02803
http://arxiv.org/abs/2108.02803
http://arxiv.org/abs/2108.02803
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-002/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-001/

Events / 0.02 a.u. Data/Pred.

Data/Pred.

Using machine learning to probe inclusive regions \h
of phase space: complements cut-based analyses 1'
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[4 Tension in WW cross section observed at both 8 TeV and

early 13 TeV runs at the LHC

PhysRevD.102.092001

lZEvent selection in jet binned category sensitive to higher

order QCD corrections

[A Use of random forest discriminators helps mitigate
backgrounds without constructing exclusive jet-binned
event selection: complements cut-based approach

CMS 35.9b™ (13 TeV)
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https://dx.doi.org/10.1103/PhysRevD.102.092001

i; Components of the underlying events in the CMS/|
| full event description | —

Parton shower

Full event description includes:
\ () (1 TeV - 1GeV)

Initial state parton shower
Signal process (hard interaction),_
Final state parton shower |

Hadron decays = MR " e+ Hard process:

Beam remnants .
Underlying event o O (1 TeV)

Components of the underlying
event:

[ Multiple parton interactions increase
with Vs (due to increased partonic
content)

Initial state parton shower
Final state parton shower

Beam remnants O@{ GeV) O (1 Tev-10 GeV) O (1 TeV) O (1TeV-10GeV) O (1 GeV)
no‘n—perturbative perturbative non-perturbﬁive
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[A Color reconnection (CR) reconfigures color strings
after parton shower

IZPerformed In the non-perturbative regime

[ CR effects dominant in the low pr region (pr 2~5
GeV)

[ Incorrect color associations can lead to large
differences = unphysical

[A Precision at the LHC necessitates an understanding
of the color reconnection modeling

q q

Before color connection

O RS

a A P P

After color connection
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om,”" [GeV]
all-jets /{+jets combination

Experimental uncertainties
Method calibration 0.06  0.05 003 TOP-17-008
JEC (quad. sum) 0.15 0.18 0.17
— Intercalibration —-0.04 +0.04 +0.04
— MPFInSitu +0.08 +0.07 +0.07
— Uncorrelated +0.12  +0.16 +0.15
Jet energy resolution -0.04 -0.12 —0.10
b tagging 0.02 0.03 0.02
Pileup -0.04 —-0.05 —0.05
All-jets background 007 — 0.01
All+jets trigger +0.02  — +0.01
{+jets background — +0.02 —0.01
Modeling uncertainties
JEC flavor (linear sum) —-0.34 -0.39 —0.37
—light quarks (uds) +0.07 +40.06 +0.07
— charm +0.02 +0.01 +0.02
— bottom -0.29 —-0.32 —0.31
— gluon —-0.13 —-0.15 —0.15
b jet modeling (quad. sum) 0.09 0.12 0.06
—b frag. Bowler-Lund —-0.07 —0.05 —0.05
—b frag. Peterson —0.05 +0.04 —0.02
— semileptonic b hadron decays —0.03 +0.10 —0.04
PDF 0.01 0.02 0.01
Ren. and fact. scales 0.04 0.01 0.01
ME/PS matching +0.24 —0.07 +0.07
ME generator - +0.20 +0.21
ISR PS scale +0.14 +0.07 +0.07
FSR PS scale +0.18 +0.13 +0.12
Top quark pr +0.03 —0.01 —0.01
Underlying event +0.17  —0.07 —0.06
Early resonance decays +0.24 —0.07 —0.07
CR modeling (max. shift) —-0.36 +0.31 +0.33
— “gluon move” (ERD on) +0.32 +0.31 +0.33
—“QCD inspired” (ERD on) -036 —0.13 —0.14
Total systematic 0.70 0.62 0.61
Statistical (expected) 0.20 0.08 0.07

0.61
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https://link.springer.com/article/10.1140/epjc/s10052-019-6788-2

| Color reconnection (CR) tunes | X}
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GEN-17-002
[A Color reconnection model based on modeling of multiple parton interactions (MPI)

[ Regularized in PyTHIA8 with parameter P10 (function of ys)

j—

[ Energy dependence:

e VS

pro(v's) = Pro (—
V50

[ Additional interactions from MPI function of parton distribution function (PDF),
overlapping matter distribution of colliding hadrons (string width ~ hadronic width )

and Pro

Reference energy

-

——

4 MPI-based modeling assigns a probability to each parton pair to reconnect with a
harder system high pr - less likely to be color connected

P — p%‘Rec

2 p'QTReC — R ) pTo

ngRec —I_pT

[ PTrec iS @ regularization term prevents divergence of partonic cross sections at low pr, R
IS a parameter
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https://cds.cern.ch/record/2780467/

o | ams
| Color reconnection models |

———— e = ———————  —————— == _

GEN-17-002

[] QCD inspired model includes minimization of string length in addition to QCD color
rules. Determines color-compatibility of a pair of dipoles iteratively. Causally connect
produced strings through a string length measure (A)

E E
)\zln<1+\@ 1)!111(14—\/5—2)
%y T

A mo parameter determines whether a connection is favored, E; and E2 represent
energies of the colored partons (in the rest frame of the dipole)

[ Gluon move model: lteratively move each final-state gluon from a “string piece” of
partons to another. Naive model does not include quark reconnection, implemented by
including a “flip” mechanism (move quarks as well)

MPI@LHC, 2021 9 Saptaparna Bhattacharya


https://cds.cern.ch/record/2780467/

GEN-17-002

Leading object direction

[ UE defined as activity not associated with
particles originating from the hard scatter

lZGeneraIIy studied in events that contain a
hard scattering with pT =z 2 GeV

[ Leading object defined on an event-by-
event basis

[ ® regions relative to the leading object
that are sensitive to the underlying event

A Azimuthal separation between charged
particles and leading object AD® = @ - QOmax
used to define sensitive regions

MPI@LHC, 2021 10 Saptaparna Bhattacharya


https://cds.cern.ch/record/2780467/

@, CMS, !
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GEN-17-002
[ CR1 stands for the QCD-inspired model and CR2 stands for the gluon-move CR model

lZCompIements CP5 with color reconnection variations

IZCP5 default: CP5 uses NNPDF31_nnlo_as_0118 PDF set, a5 = 0.118, and the MPI-based CR model

CP5-CR1 CP5-CR2
RIVET routine NG Distribution Fitrange Nj;,s R | Fitrange N, R
(TeV) (GeV) (GeV)
CMS_2015.11384119 13 N, vs 1 20 1 20 1
CMS_2015_PAS_FSQ-15.007 13 TransMIN charged p3'™ | 2-28 15 1 | 3-36 15 0.5
TransMAX charged p3'™ | 2-28 15 1 | 3-36 15 0.5
TransMIN N, 2-28 15 1 | 3-36 15 0.1
TransMAX N, 2-28 15 1 | 3-36 15 0.1
CMS_2012_PAS_FSQ_12.020 7 TransMAX N, 3-20 10 1 | 3-20 10 0.1
TransMIN N, 3-20 10 1 | 3-20 10 0.1
TransMAX charged p7'™ | 3-20 10 1 | 320 10 0.1
TransMIN charged p7'™ | 3-20 10 1 | 3-20 10 0.1
CDF_2015_11388868 2 TransMIN N, 2-15 11 1 | 2-15 11 0.1
TransMAX N, 2-15 11 1 | 2-15 11 0.1
TransMIN charged p3™ | 2-15 11 1 | 2-15 11 0.1
TransMAX charged p7'™ | 2-15 11 1 | 2-15 11 0.1

MPI@LHC, 2021 11 Saptaparna Bhattacharya


https://cds.cern.ch/record/2780467/

Compact Muon Solenoid

GEN-17-002

TransMAX charged p$'™ density, /s = 7 TeV TransMAX charged p3*™ density, /s = 1.96 TeV
— T 1T 1 17 | T T T | T T | T T | T T 1 | T 7] — T T | T T | T T | T T | T T | T T | T | T | T | 1T T_]
% 3 cMs = % 1.4 — cms —
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s 2.5 — — S 12 - ¥ —
gi—* - - P . g 0.8 [— ]
= 15— CMS Data T 4 mg — —e— CDF Data ]
= F CPs5 1 = o6 —/— CPs .
2 1 CP5-CR1 — Z - —O— CP5-CR1 N
s F CP5-CR2 SR e B —— CP5-CR2 =
< 12 E
— _ 7 : ) :
0 Bt T o
g = L BT S
T 12 l E -Ig 1.1 & =
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@, 09 . —s \0.95 S i : : =
> 8:? = N I E Lz) 0.9 E I =
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5 0 5 maX[GeV] 2 4 6 8 100 12 14 18 20

p$a>< [GeV]
IZCharged particle density in the transMAX region with CMS (left) and CDF (right) data
[/ Similar behavior seen at Js = 13 TeV and with ATLAS data
IZTunes perform well, |nconS|stenC|es seen In frnal states wrth charmed baryons (N)
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https://cds.cern.ch/record/2780467/

1/N dN/dAR,

MC /Data

Jet substructure variables in ttbar final states |

Compact Muon Solenoid

e — _

ARg, lepton+jets tf events, \/s = 13 TeV Pull angle between W-jets, /s = 8 TeV GEN-17-002
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M ARg: angle between two groomed subjets
[ ®(j1, jo)/m: pull angle between jets from the W-boson in top decays (using charged constituents of
the jets)

[ Early resonance decay (ERD) option: color reconnection before and after the top quark decay

e e e ——

—- = — e e ———
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https://cds.cern.ch/record/2780467/

Extraction of top-mass uncertainty
using these new tunes

The top quark mass, m;, and W mass, my,, extracted by a fit to the predictions of
the different PYTHIA8 tunes. The uncertainties in the m; and myy; values correspond to the
uncertainty in the fitted m; and my.

Tune m; [GeV] Am; [GeV] my [GeV] Amy [GeV]  Amy — 0.5 x Amyy [GeV]
CP5 17193 +£0.02 O 79.76 £0.02 0 0

CP5 erdOn 17218 £0.03 0.25 80.15+0.02 0.40 0.13

CP5-CR1 171.97 £0.02 0.04 79.74 +0.02 -0.02 0.05

CP5-CR1 erdOn 172.01 £0.03 0.08 7998 +£0.02 0.23 -0.04

CP5-CR2 171.91 £0.02 -0.02 79.85+0.02 0.10 -0.07

CP5-CR2 erdOn 172.32+0.03 0.39 7990+ 0.02 0.14 0.32

Allows comparison with
TOP-17-007, factoring in shifts

in Mw

[ Top-quark candidates constructed by a RIVET routine (kinematic requirements imposed and
“dressed” leptons used)

[ Largest deviation (from default CP5) found for CP5-CR2 erdon (0.32 GeV) ~ similar to what is
observed in TOP-17-007

MPI@LHC, 2021 14 Saptaparna Bhattacharya


https://link.springer.com/article/10.1140/epjc/s10052-018-6332-9

| Double Parton Scattering: 4 jet production :{

— e ——

https://arxiv.org/abs/2109.13822

[ In the case of SPS, one hard scattering produces the jets a through d

[ Two jet pairs are created independently in a DPS event — different kinematic
correlations than an SPS event

MPI@LHC, 2021 15 Saptaparna Bhattacharya


https://arxiv.org/abs/2109.13822
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CMS 42 nb (13 TeV)
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Phys. Rev. D 104 (2021) 032009

gap
{3
°
¢ jet
CMS 0.66 pb™ (13 TeV)

M2 — 2 scattering: for values of Aqcp, where QCD is no 2-‘2‘; o njLn,njet'z <0, 14 <|'njen,2'| a7

longer strongly coupled, fixed order perturbation 2'25_ e Data P2 > 40 GeV

theory no longer valid 1 gb— BMK(BFKLNLL) 7

5" 165 EEIM (BFKL NLLMPLASCH

[ Balitsky-Fadin-Kuraev-Lipatov (BFKL) evolution o a4t ( it

equation resums logarithmic terms to all orders in ag
— NLL accuracy

[ In dijet production, BKFL dynamics expected to
manifest when two jets are separated by a large
rapidity interval 0

EI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032009

- T CMS
| Conclusion |

Compact Muon Solenoid

— e e e e e e e —— — —— T S —

[A Color reconnection tunes derived by constraining parameters with the use of \/s = 1.96, 7, and 13
TeV data

[ These tunes do not improve the description of strange particle production: point to need for
improved models of hadronization?

[ Distribution of data in 4-jet production via double parton scattering point to slight preference for
pTt ordered parton shower description

[ Novel jet-gap-jet studies point to the need for going beyond DGLAP evolution equations

Charged-hadron multiplicity, B =0T, \/s = 13 TeV Charged-hadron multiplicity, B =0T, \/s = 13 TeV
= 9 - "§ 9 C
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| Additional studies not covered in L

[] GEN-19-001: description of the HERWIG tune

] GEN-17-001: description of the CPx tunes

IZTOP—1 /-013: jet shape variables in ttbar final states

[ TOP-17-015: Underlying event description in ttbar

[/ TOP-16-021: Exploration of the CUETP8M2T4 tune

[V SMP-20-009: Underlying event description in Z+Jets final states

MPI@LHC, 2021 19 Saptaparna Bhattacharya


https://link.springer.com/article/10.1140/epjc/s10052-021-08949-5
https://link.springer.com/article/10.1140/epjc/s10052-019-7499-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092014
https://link.springer.com/article/10.1140/epjc/s10052-019-6620-z
https://cds.cern.ch/record/2235192?ln=en
https://arxiv.org/abs/2105.14511
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45 Color flows after reconnection |

— e e e e —

Original topologies Reconnected version

e - — —

CR Spatial diagrams after
> annihilation, production
point at the origin
q b) q
Colour Annealing — A Toy Model of Colour
Reconnections: M. Sandhoff , P. Skands
—— Color flow 00000 A& —— Color flow
~---- Color connection ”.I.I.I. %, =--7 Color connection

M. Seidel
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[ Sercan may also have a good overview which FSQ/QCD (or now SMP)

analyses can be included in addition:
M http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
FSQ/index.html
[ http://cms-results.web.cern.ch/cms-results/public-results/publications/FSQ/
iIndex.html
[ http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/
UEMINB.html

[ There are also some others mentioned in this Moriond talk: https://cms-mgt-
conferences.web.cern.ch/conferences/pres_display.aspx?
cid=2964&pid=22500http://cms-results.web.cern.ch/cms-results/public-results/
publications/SMP-19-006/index.html (Sercan may comment if this falls in the topic
of your talk)

[ http://cms-results.web.cern.ch/cms-results/public-results/publications/
TOP-17-015/ (UE in ttbar)

M DPS at 13 TeV (SMP-20-007)

[ SMP-19-006
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-015/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-015/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-015/

CMS

Compact Muon Solenoid

Measurement of the top mass in aII-jets final

state and combination with lepton+jets channel
5mhyb [GeV]

e ——— ———

all-jets £+]ets combination
Experimental uncertainties
Simultaneous measurement of the top quark mass (m:) and }\gecﬂ(lod ?librat)ion 822 ggg 8(1);
uad. sum . . .
cross section (ow) in dilepton top events D ntercalibration —0.04 4004  +0.04
— MPFInSitu +0.08  +0.07 +0.07
— Uncorrelated +0.12  +0.16 +0.15
Jet energy resolution -0.04 -0.12 -0.10
p b tagging 0.02  0.03 0.02 TOP-1 7-008
CMS 35.9fb" (13 TeV) Pileup —0.04 —0.05 —0.05
S : : : _ _ _ All-jets background 007 — 0.01
o 2 __Modellmguncertamtles ® Normalizedpull | Fit constraint Alljets trigger 4002 — +0.01
S [ i i i i i : | | MC statistical — Pre-fit uncertainty (+jets background - +0.02 —001
= i : i : : : : : , : : : : : : : Modeling uncertainties
g B i ; : i JEC flavor (linear sum) —-0.34 -—-0.39 —0.37
o ; ; ; ; ; 5 — light quarks (uds) +0.07  +0.06 +0.07
z L T g — charm +0.02 +0.01  40.02
- ! 5 + — bottom —029 —0.32 —0.31
0 HEESSRRS. JUOOSE FRSTROO M N W [ { ........................ * ........ S { ......................... ~ gluon —0.13 —015  —0.15
B : : : ; : b jet modeling (quad. sum) 0.09 0.12 0.06
- | —b frag. Bowler-Lund —0.07 —0.05 —0.05
1k l : : : l — b frag. Peterson —0.05 +0.04 —0.02
— l ! : I — semileptonic b hadron decays —0.03  +0.10 —0.04
B ' ' PDF 0.01 0.02 0.01
— Ren. and fact. scales 0.04 0.01 0.01
o A A A A A A A A A o ME/PS matching +0.24 —0.07 +0.07
S5 S S S A ME generato - o oan
scale —+0. —+0. +0.
OV Mg R 195 s sf %arﬁd for REG ‘%ZQ 59m. ’ag {75 O dlise Rf M Ky FSR PS scale +018 4013 +0.12
e SCalg Calg SCals 50 Ve "SI d%c; Wisrgle aiorle QUK ‘9’@ Top quark pr 4003 —001  —0.01
“a Underlying event 4017 —007  —0.06
Early resonance decays +0.24 -0.07 —0.07
TO P-1 7-001 CR modeling (max. shift) —-0.36 +0.31 +0.33
Does not show the effect of — “gluon move” (ERD on) +0.32  +0.31 +0.33
ot . . — “QCD inspired” (ERD on) —0.36 —0.13 —0.14
variation of the tOp pT dlreCtIy’ Total systenﬁ)atic 0.70 0.62 0.61
shows the uncertainty in the Statistical (expected) 020  0.08 0.07
Total (expected) 0.63 0.61

unfolding
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Reconnected version
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CR

Spatial diagrams after
annihilation, production
point at the origin
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q b) q’

Colour Annealing — A Toy Model of Colour
Reconnections: M. Sandhoff , P. Skands

[4 Color reconnection reconfigures color strings after parton shower
fZPerformed In the non-perturbative regime

[ Incorrect color associations can lead to large differences = unphysical

[ Precision at the LHC necessitates an understanding of the color reconnection modeling (particularly
relevant for top-based final states)
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| Color reconnection (CR) tunes 1 X}

—— e e —— —

[ CR effects dominant in the low pr region (pt 2~5 GeV)
[ Leads to discrepancy in the prediction of tunes with respect to data

[ UL description of ttbar events requires inclusion of color reconnection
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Description of underlying event tunes

—— e e ———

The settings, used in the determination of the new CMS PYTHIAS8 UE tunes, are as follows:

Tune CP1 uses the NNPDE3.1 PDF set at LO, with ag values used for the simulation
of MPI, hard scattering, FSR, and ISR equal to, respectively, 0.13, 0.13, 0.1365, and
0.1365, and running according to an LO evolution.

Tune CP2 is a slight variation with respect to CP1, uses the NNPDF3.1 PDF set at
LO, with ag values used for the simulation of MPI, hard scattering, FSR, and ISR
contributions equal to 0.13, and running according to an LO evolution.

Tune CP3 uses the NNPDF3.1 PDF set at NLO, with ag values used for the simula-
tion of MPI, hard scattering, FSR, and ISR contributions equal to 0.118, and running
according to an NLO evolution.

Tune CP4 uses the NNPDEF3.1 PDF set at NNLO, with ag values used for the simula-
tion of MPI, hard scattering, FSR, and ISR contributions equal to 0.118, and running
according to an NLO evolution.

Tune CP5 has the same settings as CP4, but with the ISR emissions ordered according
to rapidity.

GEN-17-001
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https://arxiv.org/pdf/1903.12179.pdf

Description of h tus
GEN-17-002

The MPI-related parameters that are kept free in both CP5-CR1 and CP5-CR2 tunes are:

e MultipartonInteractions:pTORef, the parameter included in the regularisa-
tion of the partonic QCD cross section. It sets the lower scale of the MPI contribution;

e MultipartonInteractions:ecmPow, the exponent of the /s dependence;

e MultipartonInteractions:coreRadius, the width of the core when a double
Gaussian matter profile is assumed for the overlap distribution between the two
colliding protons. A double Gaussian form identifies an inner, dense part, which is
called core, and an outer less dense part;

e MultipartonInteractions:coreFraction, the fraction of quark and gluon
content enclosed in the core when a double Gaussian matter profile is assumed.

The tunable CR parameters in the QCD-inspired model that are considered in the fit are:

e ColourReconnection:m0, the variable that determines whether a possible recon-
nection is actually favoured in the A measure in Eq. 3;

e ColourReconnection: junctionCorrection, the multiplicative correction for
the junction formation, applied to the m0 parameter;

e ColourReconnection:timeDilationPar, the parameter controlling the time
dilation that forbids colour reconnection between strings that are not in causal con-
tact.

For the CP5-CR1 tune, the parameters StringZz:alLund, StringZ:bLund,

StringFlav:probQQtoQ,and StringFlav:probStoUD, relative to the hadronisation, pro-
posed in [7], are also used in the initial settings. The first two of these parameters control the
shape of the longitudinal fragmentation function used in the Lund string model in PYTHIAS,
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Description of underlying event tune

CMS Simulation tt — (evb)(uvb) (13 TeV)
Toward, pr(4¢)

Transverse

Transverse

1 Charged
B Lepton (pr/2)
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,Double Parton Scatterlng 4 jet productlo CMS,
| SenS|t|ve varlables ﬂ Y-

——— — e~ = = = e

[ Azimuthal angular difference between the two softest jets (rt for

DPS)
Adsott = |3 — D4

[ Minimal combined azimuthal angular range of three jets (2 out of 3
jets likely to be back-to-back)

A¢p5™ = min {\sz' — ;| + |¢; — okl

P,

ik € [1,2,3,4],#3'#}

M Maximum n difference between two jets
AT = max{|77i —n;lli, 7 €11,2,3,4],i # j}

IZ[ Azimuthal angular difference between the jets with the largest n

separation
Gij = i — ¢ for AT =|n; —n;

P,

. A _ |Pr,3 + D14
[4 Transverse momentum balance of the two softest jets APr.sort = 7=

Dr.3| + |Pr.4]
AS less correlated for DPS

M Azimuthal angular difference between the hard and the soft jet pairs AS = arccos (%;11112122)' \(;TT;j ;TTf'))
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M Events generated with both PyTHIA8.240 and
HERWIG

[ PvTHIA8.240 interfaced with CUETP8M1
(NNPDF2.3 LO), CP5 (NNPDF3.1 NNLO)
and the CDPSTP8S1-4j tune

[V] CDPSTP8S1-4j tune is a DPS tune
(CTEQ6L1 PDFs)

IZMPI and DPS parameters derived
from fit to data at \/s = 7 TeV

[ PyTHiA8.301 sample generated with VINCIA :
dipole ordered (NNPDF2.3 LO PDFs)

M Herwig++ 2.71 with CUETHS1 tune
(CTEQ6L1 PDFs)

[¥ CH3 obtained through studies of underlying
events (NNPDF3.1 NNLO PDF)

fZData shows preference for prt ordered
parton shower description (studies
performed in GEN-17-001 in agreement)
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. Double Parton Scattering: 4 jet production |
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Compact Muon Solenoid
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