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ATLAS: The UE in Z-Boson production at 7 TeV.

Proton

CMS UE Tunes: Two PYTHIA 6 tunes, three PYTHIA
8 tunes, and one HERWIG++ tune from the CMS

HERWIG 7 Tunes: Tune CUETHS1-CTEQG6L (the same as
the CMS HW++ tune CUETHS1-CTEQG6L except using
HW7. HW7 Default Tune using the MMHT2014 PDF.

Simultaneous UE-MB-DPS TunesCan we fit UE data,
MB data, and DPS sensitive with one universal tune?
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“transMAX” and “transMIN” Charged Particle Density: Number of
charged particles (g > 0.5 GeV/c, x| < 0.8) in the the maximum
(minimum) of the two “transverse” regions as defind by the
leading charged particle, PTmax, divided by the ara in hff space,
2h.x2p/6, averaged over all events with at least one pacte with py
> 0.5 GeV/c, | <hg,.

“transMAX” and “transMIN” Charged PTsum Density: Scalar p;
sum of charged patrticles (p > 0.5 GeV/c,h| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined by
the leading charged particle, PTmax, divided by tharea inh4f
space, h_,x2p/6, averaged over all events with at least one pacte
with pr > 0.5 GeV/c, h| <h,.

Note: The overall “transverse” density is equal to the avege of the “transMAX” and
“TransMIN” densities. The “TransDIF” Density is the “ transMAX” Density minus the
“transMIN” Density

‘“TransMAX” & “TransMIN”

“Transverse” Density = “transAVE” Density = (“transMA X" Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity
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transiviliNe«= &~ transblE -

The “toward” region contains the leading “jet”, whil e the “away”
region, on the average, contains the “away-side” “j&. The
“transverse” region is perpendicular to the plane ofthe hard 2-to-2
scattering and is very sensitive to the “underlyinggvent”. For
events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both the “transMAX”
and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery
sensitive to the multiple parton interactions (MPI)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN” (i.e.
“transDIF") is very sensitive to initial-state radiation (ISR) and  7¢'*
final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

0 “TransDIF” 2x"TransAVE”

“Away-Side” Jet

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”
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ATLLAS 15 eV UE
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ATLAS data at 13 TeVon the charged particle density (keft) and charge®Tsum density in the

“transAVE” region as defined by the leading charged particleof charged particles with p > 0.5
GeV/c and h| < 2.5. The data are uncorrected and compared witthe MC models after detector
simulation.
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ATLAS 15

Detector Level Detector Level

EPOS does a poor job on the UE!

ATLAS particle density (ke rgeé?Tsum density in the
“‘transAY Monash doing well except pading chargeq ) S R
GeVi/c a the turn on region! rrected and cq YE'Y Strange behavior by HERWIG++
simulation. in the turn on region!
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I'he UE In Z-50son Productiony:g

Eur. Phys. J. C (2014) 74:3195 - Boson Direction
(arXiv:1409.3433v2)
“Away”
“Transverse” “Transverse”
“Transverse”
“Toward”
Z-Boson Direction
[ Nt . “transMAX”
TransMAX’ TransMIN
H|gh PT Z-BOSOI’] PI‘OdUCtion Outgoing Parton
Initial-State Radiation
“transMIN”
“transDIF”
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Eur. Phys.
(arXiv:

Proton

ICHEP 2016
Chicago August 5, 2016
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High P+ Z-Boson Production Outgoing Parton Tfa”SMAXT*a"SMN
Initial-State Radiation
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“transDIF”
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I'ne UE In Z-Boson Proc

Eur. Phys. J. C (2014) 74:3195
(arXiv:1409.3433v2) pr>0.5GeVich| <25

Z-BosonDirection

UCtioNt: =

“Toward”

“Transverse““a O.L‘Transverse“
* e,

“Toward”

Z-Boson Direction

pr>0.5GeVich| <25

High P+ Z-Boson Production Outgoing Parton Tfa”SMAXT*a"SMN
Initial-State Radiation
'0

Proton Proton

> “transDIF”

“TransDIF” density more sensitive to ISR & FSR.
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Z-150S0n Versus Leading Jet

pr > 0.5 GeVich| <25 pr > 0.5 GeVich| <25

ATLAS data at 7 TeV on the charged particle densityand charged PTsum
density for the “transMAX” and “transMIN” regions for “Z-Boson” events
and for “Leading Jet” events as a function of the lading jet p; or P+(2).
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Z-150S0n Versus Leading Jet

pr > 0.5 GeVich| <25 pr > 0.5 GeVich| <25

o ,

ATLAS data at 7 TeV on the charged particle densityand charged PTsum
density for the “transMAX” and “transMIN” regions for “Z-Boson” events
and for “Leading Jet” events as a function of the lading jet p; or P+(2).
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Z-Boson versus Leading Jet

Big difference between “Z-Boson” and “Leading
Jet” events for the “transDIF” PTsum density
(sensitive to ISR & FSR)!

pr > 0.5 GeVich| < 2.5

"TransMIN" Charged Density

"TransMIN" Charged Particle Density: dN/d  hdf
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Deepak Kar’'s Ph.D. Thesis
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Maybe Deepak and | saw a hint of this in 2008!
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ATLAS data at 7 TeV on the average charged particl@, for the “Toward” and
“Transverse” regions for “Z-Boson” events as a function of R(Z).
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SON Production; ,‘.3

/ ﬂ

NN

ATLAS data at 7 TeV on ard” and

“Transverse” regions for “

erage charged particl@; for t
” events as a function of

The QCD Monte-Carlo models are doing poorly on this
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ATLAS data at 7 TeV on the charged particle and PTsm densities for“tranDIF”
for “Z-Boson” events as a function of P(Z).
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i 2

SON Productiont ¢

SHERPA is doing the best job!

\

ATLAS dataat7 TeVont
for “Z-Boson” events as a f

rged partlcle and PTsm de or“tranDIF”

The QCD Monte-Carlo models are doing poorly on this
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CMS UE Tunes

PYTHIA 6.4 Tune CUETP6S1-CTEQG6L: Start with Tune Z2*-lep and tune to the
CDF PTmax “transMAX” and “transMIN” UE data at 300 GeV , 900 GeV, and
1.96 TeV and the CMS PTmax “transMAX” and “transMIN” UE data at7 TeV.

PYTHIA 6.4 Tune CUETP6S1-HERAPDF1.5LO: Start with Tune Z2*-lep and i 1. ol
tune to the CDF PTmax “transMAX” and “transMIN” UE dat a at 300 GeV, 900 o

PTmax Direction

GeV, and 1.96 TeV and the CMS PTmax “transMAX” and “transMIN” UE
data at 7 TeV.

PYTHIA 8 Tune CUETP8S1-CTEQG6L: Start with Corke & Sjostrand Tune 4C and tune to the
CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV , and 1.96 TeV and the CMS
PTmax “transMAX” and “transMIN” UE data at 7 TeV. Exclude 300 GeV data.

PYTHIA 8 Tune CUETP8S1-HERAPDF1.5L0: Start with Corke & Sjostrand Tune 4C and tune
to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV and the
CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV. Exclude 300 GeV data.

PYTHIA 8 Tune CUETP8M1-NNPDF2.3LO: Start with the Skands Monash-NNPDF2.3LO tune
and tune to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV
and the CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV.Exclude 300 GeV data.

HERWIG++ Tune CUETHS1-CTEQG6L: Start with the Seymour & Siodmok UE-EE-5C tune
and tune to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV
and the CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV. Bug in HW++!
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Average Density

“TransiviiiiN

"transMIN" Charged Particle Density

1.5
| CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeVv
| Generator Level Theory E
10 +------—""""" -l
1 ]
Y CUETP8S1-CTEQEL (red line)
- Monash-NNPDF2.3LO (black line)
] CUETP8M1-NNPDF2.3LO (dashed line)
: PYTHIA 8 Charged Particles (| h|<2.0, PT>0.5 GeV/c)
0.0 a Il Il Il Il
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PTmax (GeV/c)

CMS corrected data at 13 TeV on the

“transMIN” charged particle density with p ;

> 0.5 GeV/c andh| < 2.0 as defined by the

30

leading charged particle, as a function of the

transverse momentum of the leading charged

particle, PTmax. The data are compared
with the PYTHIA 8 tune CUETP8S1-
CTEQ6L, tune CUETP8M1-NNPDF2.3LO,
and tune Monash at the generator level.
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Average Density

“TransMIN” density more sensitive to MPI & BBR.
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"transMIN" Charged Particle Density

1.5
CMS Run 2 Preliminary
1 Corrected Data (Bayesian Unfolding) 13 TeV
Generator Level Theory
g R i
. ——
L]
05 HW?7-Default-MMHT2014 (black line)
! HW7-CUETHppS1-CTEQS6L (dashed line)
HW++ CUETHppS1-CTEQG6L (red line)
| H ERWI G Charged Particles (| h|<2.0, PT>0.5 GeV/c)
0.0 Bl T } T T T
0 5 10 15 20 25 30

PTmax (GeV/c)

CMS corrected data at 13 TeV on the
“transMIN” charged particle density with p ;

> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged patrticle, as a function of the
transverse momentum of the leading charged
particle, PTmax. The data are compared
with the HW++ tune CUETHppS1-CTEQS6L,
and the HW7 tune CUETHppS1-CTEQ6L,
and the HW7 default tune (MMHT2014) at
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“transMIN * NchgDen

"transMIN" Charged Particle Density

"transMIN" Charged Particle Density

1.5
| CMS Run 2 Preliminary HW++ “Bug”! MS Run 2 Preliminary
1 Corrected Data (Bayesian Unfolding) 13 TeV rected Data (Bayesian Unfolding) 13 TeV
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HW++ CUETHppS1-CTEQ6L (red line) HW++ CUETHppS1-CTEQ6L (red line)
| HERWI G Charged Particles (| h|<2.0, PT>0.5 GeV/c) | Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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“TransMIN” density more sensitive to MPI & BBR.
CMS corrected data at 13 TeV on the
Fixed in HW7!

“transMIN” charged particle density with p >
0.5 GeV/c andh| < 2.0 as defined by the leading
charged patrticle, as a function of the transverse
momentum of the leading charged patrticle,
PTmax. The data are compared with the HW++
tune CUETHppS1-CTEQG6L, and the HW7 tune
CUETHppS1-CTEQ6L, and the HW7 default
tune (MMHT2014) at the generator level.
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“transbDIE~ Nchgben

Average Density

"transDIF" Charged Particle Density

1.2
| CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeV
| Generator Level Theory
0.8 ~
1 CUETP8S1-CTEQ6L (red line)
o4--yr--——-—"--"""""""-"-"-"-—-"-- Monash-NNPDBF2.3-0-(blackline)- - -
1 CUETP8M1-NNPDF2.3LO (dashed line)
| PYTHIA 8 Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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CMS corrected data at 13 TeV on the
“transDIF” charged particle density with p ;
> 0.5 GeV/c andh| < 2.0 as defined by the

30

leading charged patrticle, as a function of the

transverse momentum of the leading charged

particle, PTmax. The data are compared
with the PYTHIA 8 tune CUETP8S1-
CTEQ6L, tune CUETP8M1-NNPDF2.3LO,
and tune Monash at the generator level.

Average Density

“TransDIF” density more sensitive to ISR & FSR.

"transDIF" Charged Particle Density

1.2
CMS Run 2 Preliminary
1 Corrected Data (Bayesian Unfolding) 13 TeV
Generator Level Theory
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| .
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] HW7-CUETHppS1-CTEQS6L (dashed line)
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CMS corrected data at 13 TeV on the
“transDIF” charged particle density with p ¢

> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, as a function of the
transverse momentum of the leading charged
particle, PTmax. The data are compared
with the HW++ tune CUETHppS1-CTEQS6L,
and the HW7 tune CUETHppS1-CTEQG6L,
and the HW7 default tune (MMHT2014) at
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"transMIN" Charged PTsum Density "transMIN" Charged PTsum Density
1.8 1.8
- E Cofr:e'\(fltii I;::: (Sa)ZL?alrinJrL?ola(‘i%/g) 13 TeVv s :Co(rfe'\c/ltij }E?)al:: (Bza)ll:;;ealrinJrimg)lat‘;Zg) 13 TeVv -
‘%’ | Generator Level Theory { § : Generator Level Theory IR - - = %" -
§12 g 12 B R
g os v ey | Boe W LT SLCTEQR s n
% CUETP8M1-NNPDF2.3LO (dashed line) % HW++ CUETHppS1-CTEQ6L (red line)
| PYTHIA 8 Charged Particles (| h|<2.0, PT>0.5 GeVi/c) ] HERWIG Charged Particles (| h|<2.0, PT>0.5 GeV/c)
0.0 - f f f f f 0.0 - f f f f f
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)
“TransMIN” density more sensitive to MPI & BBR.
CMS corrected data at 13 TeV on the CMS corrected data at 13 TeV on the
“transMIN” charged PTsum density with p ¢ “transMIN” charged PTsum density with p ¢
> 0.5 GeV/c andh| < 2.0 as defined by the > 0.5 GeV/c andh| < 2.0 as defined by the
leading charged patrticle, as a function of the leading charged patrticle, as a function of the
transverse momentum of the leading charged  transverse momentum of the leading charged
particle, PTmax. The data are compared particle, PTmax. The data are compared
with the PYTHIA 8 tune CUETP8S1- with the HW++ tune CUETHppS1-CTEQS6L,
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, and the HW7 tune CUETHppS1-CTEQG6L,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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"transDIF" Charged PTsum Density

Average Density (GeV/c)

18
| cMsSRun2 Preliminary
1 Corrected Data (Bayesian Unfolding) 13 TeV
Generator Level Theory - - " "
- -
CUETP8M1-NNPDF2.3LO (dashed line)
1 Charged Particles (| h|<2.0, PT>0.5 GeV/c)
0.0 1 1 ‘ ‘ 1
0 5 10 15 20 25

PTmax (GeV/c)

“TransDIF” density more sensitive to ISR & FSR.

CMS corrected data at 13 TeV on the

30

“transDIF” charged PTsum density with p >

0.5 GeV/c andh| < 2.0 as defined by the

leading charged particle, as a function of the

transverse momentum of the leading charged

particle, PTmax. The data are compared
with the PYTHIA 8 tune CUETP8S1-
CTEQ6L, tune CUETP8M1-NNPDF2.3LO,
and tune Monash at the generator level.

Average Density (GeV/c)

"transDIF" Charged PTsum Density

1.8
1 CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeV
) Generator Level Theory
064 HW7-Default-MMHT2014 (blackbine)  _ _ _
i HW?7-CUETHppS1-CTEQS6L (dashed line)
HW++ CUETHppS1-CTEQG6L (red line)
1 Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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CMS corrected data at 13 TeV on the
“transDIF” charged PTsum density with p; >
0.5 GeV/c andh| < 2.0 as defined by the
leading charged patrticle, as a function of the
transverse momentum of the leading charged
particle, PTmax. The data are compared
with the HW++ tune CUETHppS1-CTEQS6L,
and the HW7 tune CUETHppS1-CTEQ6L,
and the HW7 default tune (MMHT2014) at
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Average Density

"transMIN" Charged Particle Density

1.5
CMS Run 2 Preliminary
1 Corrected Data (Bayesian Unfolding) 13 TeV
Generator Level Theory

1 . }
l-o | - : ! i
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| CMS Tune CUETP8S1-CTEQ6L

| PYTHIA 8 Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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PTmax or PT(chgjet#1) (GeV/c)

0 5 10

50

Average Density

"transMIN" Charged Particle Density

15
CMS Run 2 Preliminary
7 Corrected Data (Bayesian Unfolding) 13 TeV chgjet#l
Generator Level Theory I

1.0 +
05—+

1 Tune HW7-Default-MMHT2014

| H ERWI G Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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“TransMIN” density more sensitive to MPI & BBR.

CMS corrected data at 13 TeV on the
“transMIN” charged particle density with p ;
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged particle jet,
chgjet#1. The data are compared with the
PYTHIA 8 tune CUETP8S1-CTEQG6L at the
generator level.

ICHEP 2016
Chicago August 5, 2016

Rick Field — Florida/CMS

CMS corrected data at 13 TeV on the
“transMIN” charged particle density with p ;
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#l. The data are compared with the
HW?7 default tune (MMHT2014) at the
generator level.
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Average Density

"transDIF" Charged Particle Density

1.2
| CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeV
| Generator Level Theory
(S T e S i ffffffffff i ffff
04 +-F B |
E PYTH IA 8 CMS Tune CUETP8S1-CTEQ6L
d Charged Particles (| h|<2.0, PT>0.5 GeV/c)
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CMS corrected data at 13 TeV on the
“transDIF” charged particle density with p ;
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged particle jet,
chgjet#1l. The data are compared with the

PYTHIA 8 tune CUETP8S1-CTEQGL at the

generator level.

55

Average Density

“TransDIF” density more sensitive to ISR & FSR.

"transDIF" Charged Particle Density

1.2

| CMS Run 2 Preliminary

| Corrected Data (Bayesian Unfolding) 13 TeV

Generator Level Theory
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| Tune HW7-Default-MMHT2014

d Charged Particles (| h|<2.0, PT>0.5 GeV/c)
0.0 Il Il Il Il Il

0 5 10 15 20 25 30 35 40 45 50
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55

CMS corrected data at 13 TeV on the
“transDIF” charged patrticle density with p ¢
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#1. The data are compared with the
HW?7 default tune (MMHT2014) at the
generator level.
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"transMIN" Charged PTsum Density

Average Density (GeV/c)

1.8

i CMS Run 2 Preliminary

| corrected Data (Bayesian Unfolding) 13 Tev

: Generator Level Theory W
1.2 i* - i

]
06f+--P-m/- | PTmaX | -
CMS Tune CUETP8S1-CTEQ6L

i PYTHIA 8 Charged Particles (] h|<2.0, PT>0.5 GeV/c)

0.0 1 ‘ ‘ ‘
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PTmax or PT(chgjet#1) (GeV/c)

10

CMS corrected data at 13 TeV on the
“transMIN” charged PTsum density with p ¢
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged particle jet,
chgjet#l. The data are compared with the
PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level.

ICHEP 2016
Chicago August 5, 2016
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Average Density (GeV/c)

“TransMIN” density more sensitive to MPI & BBR.
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"transMIN" Charged PTsum Density

1.8
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CMS corrected data at 13 TeV on the
“transMIN” charged PTsum density with p ;
> 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#1. The data are compared with the
HW?7 default tune (MMHT2014) at the
generator level.
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“TransDIF” density more sensitive to ISR & FSR.
CMS corrected data at 13 TeV on the CMS corrected data at 13 TeV on the
“transDIF” charged PTsum density with p; > “transDIF” charged PTsum density with p; >
0.5 GeV/c andh| < 2.0 as defined by the 0.5 GeV/c andh| < 2.0 as defined by the
leading charged particle, PTmax, and as leading charged particle, PTmax, and as
defined by the leading charged particle jet, defined by the leading charged particle jet,
chgjet#1. The data are compared with the chgjet#1. The data are compared with the
PYTHIA 8 tune CUETP8S1-CTEQGL at the HW?7 default tune (MMHT2014) at the
generator level. generator level.
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CUETP8ML1 does a
fairly good job!
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~orward Energy Distribution’ t .z

CUETP8ML1 does a fairly
good job, but overestimates
the soft energy!
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Simultaneous UEMB-DPS Tune t 2

Paolo Gunnellini and the CMS PC&GT Team

Tra MM charmec perticle density % = 7 Ted Peetdasapidize 151 — 7 Td, [NEL = 0 Mormalized 500 pp— o in[g] 47 a0 =7 TV
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Simultaneous UE-MB-DPS Tune at 7 TeV:Simultaneously fit the CMS PTmax UE data, the
ALICE dN/d h data, and the CMS pp 4j DPS data starting with PYTHIA 8 tune CUETP8M1-
NNPDF2.3LO and vary three parameters Klultipartoninteractions:pTORef,
Multipartoninteractions:expPow, ColourReconnectionrange). Weight all data equally.
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Simultaneous UEMB-DPS Tune u-

Paolo Gunnellini and the CMS PC&GT Team
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Simultaneous UE-MB-DPS Tune at 7 TeV:Simultaneously fit the CMS PTmax UE data, the
ALICE dN/d h data, and the CMS pp 4j DPS data starting with PYTHIA 8 tune CUETP8M1-
NNPDF2.3LO and vary three parameters Klultipartoninteractions:pTORef,
Multipartoninteractions:expPow, ColourReconnectionrange). Weight all data equally.

UE and MB are good, but DPS is bad!

ICHEP 2016 Rick Field — Florida/CMS Page 31
Chicago August 5, 2016



multaneous UEMB-DPS Tune

Paolo Gunnellini and the CMS PC&GT Team

TransBAIN chavged particle density % =7 TeV Puevidorapiclity 151 = 7 Ted!, [NEL > 0 Mormalized A5 in op— 2 ir [ o147 atFm= 7 Tl
:é_ L T T T T ™ L L B - 7 —TT — T T T - = T L T T ™ T T
- [ = = - B 3 =
b E E = P e B . =
= - - r r - -
S ——— e+ - % I —— OIS datu
e - s _— —_— . I —— DI5-UC-hAB-eig hied Tune
& C -
: - —— ALICE data - =
Z _ E —— DFS-UE-MB-Weighted Tune : =
— - ? — —_
- a  CRS clata B '
—— DFS-UE-MIB-Weighted Tune - " =
UE Observable e MB Observable — - DPS Observable
'”_|||--||||--||||-||| |||_ of e e CEe sl e RENEN:
HE HE E 3 E
= 3 I_rl"_‘_'_l_‘_l__l — o g = X 1 :— —
-Lj_ | -L j Iai | .Lj Ix] E '_|I_II I — _]
¥ o SR — :
= 0B fF - — "2"' E=R== = o -
nit Fry o L1 L1 | i nh e | | - nRE | | |
ks = '3 =0 == . 0.5 o .5 | o 0.5 ! [ 2 25 3
plimax[ Sl A y A iracli

Simultaneous UE-MB-DPS Tune at 7 TeV:Simultaneously fit the CMS PTmax UE data, the
ALICE dN/d h data, and the CMS pp 4j DPS data starting with PYTHIA 8 tune CUETP8M1-
NNPDF2.3LO and vary three parameters Klultipartoninteractions:pTORef,
Multipartoninteractions:expPow, ColourReconnectionrange). High weight for DPS data.
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Simultaneous UEMB-DPS Tune § 2

Paolo Gunnellini and the CMS PC&GT Team
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Simultaneous UE-MB-DPS Tune at 7 TeV:Simultaneously fit the CMS PTmax UE data, the
ALICE dN/d h data, and the CMS pp 4j DPS data starting with PYTHIA 8 tune CUETP8M1-
NNPDF2.3LO and vary three parameters Klultipartoninteractions:pTORef,
Multipartoninteractions:expPow, ColourReconnectionrange). High weight for DPS data.

DPS is good, but UE and MB are bad!
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Summary & Conclusions 2

No one QCD Monte-Carlo model describes everything
perfectly.

The PYTHIA 8 tunes such as CUETP8S1, CUETP8M1,
and Monash, describe fairly well both the underlyimg
event and the non-diffractive contribution to MB
observables.We need to work on tuning the diffractive
models!

>
The CMS HW++ Tune CUETHS1-CTEQS6L fits the UE =
“plateau” region very well, but cannot use it becaus of the
HW++ “bug”. Big change in going from HW++ to HW7! Must =

re-tune. The HW7 Default Tune is not bad! But cold do
better!

Tunes that use NPDF2.3LO PDF do a better job in théorward
region due to the low-x gluon distribution.

Hard multi-jet production in Z-Boson events at large Pr(2) is
not modeled very well by the QCD Monte-Carlo models Central
(SHERPA is doing the best).This is not a UE problem!

| do not understand why we cannot simultaneously fiboth the UE
and the DPS sensitive observables with the same winwWe will
continue to work on this.

The CMS PC&GT group is actively working of improved PYTHIA 8,
HERWIG 7, and SHARPA tunes!
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No model describes all
the features of the LHC
UE, MB, and DPS datal!

Forward



