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®» MB-UE-DPS: Relationships between Min-Bias (MB), the
underlying event (UE), and double parton scatteringDPS).

Proton - r: T

®» ATLAS Tune A3: New ATLAS PYTHIA 8 MB tune. Underying Evert

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

®» CMS UE Tunes:Two PYTHIA 6 tunes, three PYTHIA 8 &@
tunes, and one HERWIG++ tune from the CMS “Physics
Comparisons & Generator Tunes” subgroup.

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

» VMB&UE@13TeV: Some UE and MB measurements from the
LHC and MC comparisons.

®» Simultaneous UE-MB-DPS TunesCan we fit UE data, MB data,
and DPS sensitive data with one universal tune?
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bias” events! parton collision
(pr <=2 GeV/c)
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Occasionally one of C f O
the parton-parton
collisions is hard
(pr >=2 GeVl/c)

Proton Proton

Majority of “min-

¢ “Semi-hard” parton-
bias” events!

parton collision
(pr <=2 GeV/c)

Proton I Proton N i Proton

= Multiple-parton

interactions (MPI)!
QCD@LHC 2016 Zurich Rick Field — Florida/CMS Page 3

August 24, 2016




I'ne “Unaerlying Event:

Select inelastic non-diffractive events
that contain a hard scattering

pTO(Ecm ):pTORef X (Ecm/EcmRef)ecmPOW

Proton Proton

Hard parton-parton 1/(pr)*— U(pr2+p1o2)?
collisions is hard “Semi-hard” parton-

(P >=2 GeVlc) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton - 4’;;”; Proton

Proton v ,,;—,’,-’;?;" . Proton
= — ——TA;—*'E!,—’ .
——————
——\

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

interactions (MPI)!
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Allow primary hard-scattering to
go to p; = 0 with same cut-off!

Fit the “underlying

: Proton Proton
event” in a hard
scattering process.
1/(pr)*— L/(pr?+pro?)?
(0]
U “Min-Bias” (ND)
Prot Prot + Prot Prot

Predict MB (ND)!
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and MB €=

Allow primary hard-scattering to
go to p; = 0 with same cut-off!

Fit the “underlying

Proton Proton

event” in a hard
scattering process.

1/(pr)*— 1/(pr>+p1o?)?

U“Min-Bias” (add single & double diffraction) ]

\/Prolon Proton + Proton %é% Proton
+ Proton
Predict MB (IN)!

Proton

Double Diffraction

Single Diffraction
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JE TTunes anad DPS

DPS: Double Parton Scattering

1/(pr)*— U(pr*+pro?)?
Proton A "\ _ Proton
. e = :
“Underlying Event” ————— A — VW — “Underlying Event”

Predict DPS sensitive observables!

Most of the time MPI are much “softer” than the primary “hard”
scattering, however, occasionally two “hard” 2-to-Zparton
scatterings can occur within the same hadron-hadranThis is

referred to as double parton scattering (DPS).

Fit the “underlying

event” in a hard
scattering process.
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1/(pr)*— L(pr®+prg?)?

Proton

— 5 -' =W “Underlying Event’

Proton

“Underlying Event”__

=» Two correlation observables that are sensitive to PS
are AS andAre'pT defined as follows:

P, (object#l) [, (object#2)
| B; (object#l)| x| p; (object2)|

AS = arcco

‘met#l + p*_lj;et#Z‘
- = jet#l = jet#2
o+ )

For y+3jets object#1 is the photon and the leading jejdtl) and object#2 is jet2 and jet3. For
W+dijet production object#1 is the W-boson and object#2 dijet. For 4-jet production ofect#1 is

hard-jet pair and object#2 is the soft-jet pair. Fo A™®'p; in W+dijet production jet#1 and jet#2 are
the two dijets, while in 4-jet production jet#1 andjet#2 are the softer two jets.

Arel pT
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Jniversal UE-VIB-DPS

@
| One hard scattering plus BBR & MP! My

U“Underlying Event”

Proton — Proton
———— ”'—‘—‘* ”A

/

| DPs

Two hard scatterings plus BBR & MPI

Proton Proton

U “Min-Bias” (ND) No hard scatterings plus BBR & MPI

Proton é | Proton I Proton §E % Proton

Proton

Proton Proton Proton

QCD@LHC 2016 Zurich Rick Field — Florida/CMS Page 9
August 24, 2016



)
U“Underlying Event” ‘l One hard scattering plus BBR & MPI

Proton

— V' ___ Proton

_—— | DPs

Two hard scatterings plus BBR & MPI

Alternatively one can produce separate MB tunes| oo
(like ATLAS Tune A2 & A3), and separate UE

IW tunes (like ATLAS Tune Al4), and separate DPS
tunes (like CMS Tune CDPSTP8S2-4)).

—] The experimental side of me thinks this is fine.
The theoretical side of me dreams of a universal

QCD@LHC 2016 Zurich Rick Field — Florida/CMS Page 10

August 24, 2016



— & Universall UEEMB-DPS

U ‘Underlying Event” ‘l One hard scattering plus BBR & MPI

Proton — ]V Proton
— ’vv — 'e‘:“—"‘
/
— New from [—_ DPS
ICHEP2016! Two hard scatterings plus BBR & MPI

Alternatively one can pragduce separate MB tunes| eoon
(like ATLAS Tune A2 & A3), and separate UE

'm tunes (like ATLAS Tune Al4), and separate DPS

I tunes (like CMS Tune CDPSTP8S2-4)).

—] The experimental side of me thinks this is fine.
The theoretical side of me dreams of a universal

QCD@LHC 2016 Zurich Rick Field — Florida/CMS Page 11
August 24, 2016




ATLAS A3 Tune €z
Pythia8 A3 Tune °¥ew

Tom Sykora's Talk

Jata (mb) SS (mb) A3 (mb) Using Donnachie-Landshoff

Atyfs = 13TeV 68.1 1.4 74.4 69.9 3 :

At s =7 TeV 603 +2.1 066.1 62.3 dlffP&Ctlve mOdel &nd
NNPDF2.3L0O

Much improved total
R inelastic

—=— AILAS Daia

e i CIross section

—_— Al

prediction

Barged partiolo pp o pe o SRRV, [yl < 2.5, m o 00 pw

—e— ATLAS Dnita
== AT
s em Naiash
—_— Al
ATLAS Simulntion

ATT-PHYS-PUB-R016-017  [FR SRttt Sl R g

Mostly similar level of agreement
with Minbias observables is




ATLAS AS TUne €=

Pythia8 A3 Tune °~#¥ew

Parameter A3 value A2 value Monash value

Tom Syko

MultipartonInteractions:pTORef 2.45 1.90 2.28
Aty5 =137 MultipartonInteractions:ecmPow 0.21 0.30 0.215
Atys=7Tqd MultipartonInteractions:coreRadius 0.55

| MultipartonInteractions:coreFraction 0.90

E| dhumity for il b

MultipartonInteractions:al -
MultipartonInteractions:expPow -
= BeamRemnants:reconnectRange 1.8
— wused Diffraction:PomFluxEpsilon 0.07 (0.085)
v ol Diffraction:PomFluxAlphaPrime 0.25 (0.25)

—_— Al

prediction

Barped |\-:\rti-.'|n L. pe > o MeV, Iyl 3.5, T :'Illll',-.-.

—a— ATLAS Data
.|

=cm Nuiash

—_— A3

ATT-PHYS-PUB-R016-017  [EI S it | s b

Wi =

Mostly similar level of agreement
with Minbias observables is




» “transMAX” and “transMIN” Charged Particle Density: Number of
charged particles (g > 0.5 GeV/c, | < 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 n-@space,
2n.,X216, averaged over all events with at least one pacte with py
> 0.5 GeVic, 'M < Neut- “TransMAX” & “TransMIN”
» “transMAX” and “transMIN” Charged PTsum Density: Scalar py;
sum of charged patrticles (p > 0.5 GeV/c, 1| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined by
the leading charged particle, PTmax, divided by tharea inn-@
space, B, x2176, averaged over all events with at least one pacte
with pr > 0.5 GeV/c, fj] <Ngye-
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

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

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity
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transIiviliNe« &~ 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 (MPl)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.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"
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S5 eV UE

A F " 1 F — IR

% 2.5 Transverse reglon ATLAS Preliminary — 8 2-5_— Transverse region ATLAS Preliminary —

£ F \s =13 TeV 1= F \s =13 TeV -

> 2~ p;>05 GeV, ml< 2.5 — é 2~ Pp.>05 GeV, h< 2.5 —

o — p— — —

Z T pl_lead -1 GeV Detector Level - 'g - prTead > 1 GeV Detector Level .

MAES — L 15 -

B 1 Q G SN Wi c=cLiL) CLL) it Pt -

: : N — Leee e N . LFLrEE v v

o s b Ak = Rt

n * v .

0.5 —e— DATA (uncorrected) == EPOS ] 0.5— —e— DATA (uncorrected) == EPOS ]

---+PYTHIA8 A14  eeeee PYTHIA 8 A2 ] B === PYTHIA8 A14  eeee: PYTHIA 8 A2 ]

------ HERWIG++ EE5 = PYTHIA 8 Monash ] -i+..o HERWIG++ EE5
T I TR T N T 1 I T N TR TN TR NN T NN TN S N T B

S b
© ©
Q ()
~~ ~
@) ©)
= =

®» ATLAS data at 13 TeVon the charged particle density Igft) and charged PTsum densityright)
in the “transAVE" region as defined by the leading charged particleof charged particles with
pr > 0.5 GeV/c andi| < 2.5. The data are uncorrected and compared witthe MC models after

detector simulation.
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S 13 TeV UE

1- B TrorTT ' T T L > B I I T I T 7 ]

g 25 Transverse reglon ATLAS Prellmlnary ] 8 2-5_— Transverse region ATLAS Preliminary

5 \s =13 TeV 1= r \s =13 TeV .

~x 2~ P,>05GeV, <25 — é 2— P, >05GeV, nj<2.5 —

Zz F 2 5 1 GeV Detector Level - = plead > 1GeV Detector Level -
N B - T

© B T 7

v 15 EPOS does a poor job on the UE! =

T sttt //:— cr o N . e

N * v o[ gl ]

0.5 —e— DATA (uncorrected) == EPOS ] 0.5— I —e— DATA (uncorrected) == EPOS 7

' ~-= PYTHIA8 A4 seees . - [ —=-PYTHIA8A14  seees PYTHIA 8 A2 .

HERWIG++ EE5
1 1 1

SIETEY HERWIG++ EE5
T TR RN R NN TR T S T N

MC/Data

@ -
T E 1E
0.7 5 : 0 20 25 30 7E
Iead [GGV]
» ATLAS particle density (ke
“transAY Monash doing well except
GeV/c & the turn on region!
simulation.

rgerﬂ’Tsum density in the

e | il -~ N I

pading chargeg
rrected and cc
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Very strange behavior by HERWIG++
in the turn on region!
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EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

Eur. Phys. J. C (2014) 74:3195

(arXiv:1409.3433v2)

CERN-PH-EP-2014-162
Sutsmitted to: EPJC

A
T
L
A
S

Measurement of distributions sensitive to the underlying event
in inclusive Z-boson production in pp collisions at /s = 7 TeV
with the ATLAS detector

The ATLAS Collaboration

Abstract

A measurement of charged-particle distributions sensitive to the properties of the underlying svent
is presented for an nclusive sample of events containing a /-boson, decaying o an electron or muon
pair. The measuremant is based on data collacted using the ATLAS deteclor at the LHC in praton—

proton collisions at a centre-of-mass energy of 7 TeV with an integrated luminosity of 4.6 fo-!. Dis-

Iributions of the charged particle multiplicity and of the charged particie are

d in regions of azimuthal angle defined with respect io the #-boson direction. The measured
distributions are compared to similar distributions measured in jet events, and fo the predictions of
various Mome Carlo ing diffarant underlying evant modals.

“Transverse”

“TransMAX"

High Pt Z-Boson Production

Initial-State Radiation

N
‘e,
»,
2

QCD@LHC 2016 Zurich
August 24, 2016

Outgoing Parton

Z-Boson Direction

“Transverse”

Z-Boson Direction

L “TransMIN”

ol 8 BTN RALED RELEN RACLE AR o bt E0 00 RGN RARET
,% 3 ATLAS 1s=7 TeV, 4.Efb'J‘ —
§ : ~#- Trangversa region “Away” i E
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? [ - dway region - 5
LB A ]
2 i —
Ex A ]
C S ]
150 f =
2 “Transverse” ]
L& ™ I
“Toward” E
o TR TS L B T g e e T A g | e | e
50 50 100 150 200 250 300 350 400 450 500
P [GeV]
2-2_"‘"I'"'I""I""'I'"‘l"'If__l"'"I""!""I""_
‘% - ATLAS 1s=7TeV, 461" 2
2t =
§ 1_Bi_-53- Trans-max regicn _f
§ [ B Taneminegion  “transMAX” 3
?1.57—.‘;—Trﬂﬂ-d|ﬂfﬁﬂlﬂﬂ ] =
14F - —
12 o ]
1? “transMIN” E
ﬂ'ﬂ:_'ﬂﬂ]ﬂ-l':' o & B B -
DE;’L‘.] J.*.":" & 2 _:
u";":ml “Eran?DlFl” 1 L | 1 I _i
0 50 100 150 200 250 300 350 400 450 500
2 [GeV]
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EUROPEAN ORGANISAT)

Eur. Phys.
& (arXiv: . ]
L [ - Transvarsa ragion i 5
é 2 51— —= Toward region -5
CERN-PH-EP-2014-162 - i Awary region . 7
Submitted to; EPJC & .
Measurement of distributions sensitive to the underlying event =]
in inclusive Z-boson production in pp collisions at /s = 7 TeV -
with the ATLAS detector . ]
mm = = -
“Toward” E
The ATLAS Collaboration |

i ;| FU T PN PUURE FUTTE FUTTY DU FUDTE FUTTY DU FO00
50 50 100 150 200 250 300 350 400 450 500

pZ (GeV]

Abstract
A measurement of charged-particle distributions sensitive to the properties of the underlying avent Z-Boson Direction 29
is presentad for an inclusive sample of events containing a #-boson, decaying to an electron or muan BRELHEOENS LTS RSN KREEN LR RIS KRR SN R
pair. The measurement is based on data collected using the ATLAS deteclor al the LHG in praton-— o AT_LA.S' 1s=T TE"U: 4.6 ﬂ]'! .
profon collisions at a centre-of-mass energy of 7 TeV with an integrated luminosity of 4.6 fo-!. Dis- 2 f== =y
Iributions of the charged particle multiplicity and of the charged particle are Lg o 4
d in regions of azimuthal angle defined with respact 1o the #-boson direction. The measured 1 E === Trans-max ;Egig“ 55
distributions are compared to similar distributions measured in jet events, and fo the predictions of — Ll T a 5 -
varicus Monte Carlo ing diffarent underying event modals. zﬁ, -~ Trans-min regon -
1.6 - Trans-diff region =
H 1 i MAX" . [ - =)
High P Z-Boson Production Outgoing Parton [ “ ¥ 1.4 ; bt
Initial-State Radiation E J E
12 =
1B =
Proton : ]
08 o O O ] 7
_r:p:pll-”:' a -
0.6 a‘.] b A =
L =
0.4 “transDIF” 3
B <TEPEPIT ATEN TSN A I EYETIN WSS ATENRVIE WA RYEUT AR ATV WA ETET A i
0 50 100 150 200 250 300 350 400_450 500
2 [GeV]
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E 1N Z-Boson Production:

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

Eur. Phys. J. C (2014) 74:3195 {% 3—1*!'...':.'5"“"IIHIIIII-'III1:§I;-fI+${rlxélfﬁ'll-li
(arXiv:1409.3433v2) E T p; > 0.5 GeVich| < 2.5 -
Z-BosonDirection i [ -#- Transvarse region i ]

- £ 2_5 I —m— Toward region -5

CERN-PH-EP-2014-162 - =i By rbmn = 5

Submitted to; EPJC L B ]

2 " -

: i :

[ :

Measurement of distributions sensitive to the underlying event 1.5 __ ‘&' =]
in inclusive Z-boson production in pp collisions at /s = 7 TeV Bod -
with the ATLAS detector :: - ™ :

|y g : " ] | E

“Toward” E

The ATLAS Collaboration §

i ;| FU T PN PUURE FUTTE FUTTY DU FUDTE FUTTY DU FO00
50 50 100 150 200 250 300 350 400 450 500

pZ (GeV]

Abstract
A measurement of charged-particle distributions sensitive to the properties of the underlying avent Z-Boson Direction 29

is presentad for an inclusive sample of events containing a #-boson, decaying to an electron or muan | RSN RO R ELOEE RS MOEEE L f__l L DR IR e LR
pair. The measuremant is based on data collacted using the ATLAS deteclor at the LHC in praton— [ AT_LA.S' 15 T TEU 4 E ﬂ] 1 =

proton collisions at a centre-of-mass energy of 7 TeV with an integrated luminosity of 4.6 fo-!. Dis- 2 f==
ributions of the charged particle mulliplicity and of the charged particie are Lg o pr > 0.5 GeV/ c '|1| <2 5:
d in regions of azimuthal angle defined with respect io the #-boson direction. The measured 1 E === Trans-max ;'agiﬂ'q =]
distributions are compared to similar distributions measured in jet events, and fo the predictions of — Ll T a 5 B
varicus Monte Carlo ing diffarant underlying evant modals. zﬁ. i <5 Trame-min region =
1.6 = Trans-diff region 2
H 1 i MAX" . i - =)
High P Z-Boson Production Outgoing Parton [ “ ¥ 1.4 ; bt
Initial-State Radiation E J E
12 o =
L= =
Proton g =
0B ..o O @ il =
_r:p:;n_l-”:' Ly =
06 EI_] WA A =
T L =
045 “transDIF” 5

*ﬁeﬂ 500
e

pZ [GeV]
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Z-150S0N Vers

R B R Bt S LR RSN DR R AR s EAILLASII'_TITE\"IIIIIE

- ATLAS Va=7TeV >0.5GeVich| <25 A [0} L= >0.5 GeV/ch| <2.5 3

o F D:Iaiml}:...lﬁtu::néﬂ-ﬂ?pl:":l E a4 Data 2010: Jat evants {37 po') 4 =

b= o | = =

L y 4o ¢ 1| | Zas . + =

W 14__ | + = =) 3 4 |-J|] =

BT : ~ - T :

1.2 -~ = avenis: Trans-max realon — o 2.5 . v —s— 7 evenls: Trans-max region

;..f o Jotevenis: Tmns-nm?gmgm . ¢ 2 & i =S AN TN S region -

11‘ — =

E : 15 =

0-3?,.. "I R T T E 1 s 2 & = = =

8 : - - 5 ~e— Z avenits: Trans-min region —

E el e | = Joteveria: Trana-mn ragen =
0455755145300 28 300380 400 4s0 %oo| | O 50 100 50 200 750 300 380 4D 450 S0

i i
pZ of p=*I! [GeV] prorp ™" [GeV]

®» 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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E_--r- e e e s o Spre ]LLAE ”II'I_”ITITIe:l-"”I”IIII"II””IHHII“I:
‘%- ATLAS 158=7Te¥  p.>05GeVich <25 - @ 4 5F g = p; > 0.5 GeVich| <25 3
:1_3— Data 2011: Z events (4.8 ") ! . DS R - Ra A, Z avants (4.6 ) 3
25 [ Data 2010: Jet evants (37 g ] A A PRI St 2T ) =
1.6 ! = S 35 i
Zﬁ : m 5 1:3'55 =
V 1.4F ! = — =
E'H]-"L"# : o 25F ‘ t5: T 2
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®» 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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" and “Leading |

Big difference between “Z-Boson

S

—

2_ E ) L I.I‘.I?I-!-I:'JI l:IIIIII..IIIII .:IIIIII'IIE
% i A Jet” events for the “transDIF” PTsum density [ ,... 1, ., pr>0.5 GeVich| <25 3
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SON Production’s =

= ATLAS  (B=7TeV,46M" Transversa reglon
g
A —m
a e
=
W
u me.lrrwm.tﬁ
=== Pomugaaiiic :
. m*ulm O -E i
(|
g o —
] L [
n.ﬁ -""_"I i ikl i bt >3 o o - = = - :
i EI:I -ﬂ:i ] ﬁ-l:l 1&012#1401%15&2&&
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“TransDIF” density more sensitive to ISR & FSR.
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» PYTHIA 6.4 Tune CUETP6S1-CTEQG6L: Start with Tune Z2*-lep and tune to the PTmaxDirection
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 [ 1 iR
tune to the CDF PTmax “transMAX” and “transMIN” UE dat a at 300 GeV, 900
GeV, and 1.96 TeV and the CMS PTmax “transMAX” and “transMIN” UE
data at 7 TeV.

» PYTHIA 8 Tune CUETP8S1-CTEQGL: 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-HERAPDF1.5L0O: Start with Corke & Sj6strand 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 & Siédmok 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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"transMIN" Charged Particle Density "transMIN" Charged Particle Density
" CMS Run 2 Preliminary ] CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeVv | CO"ecrgg,i?;ffgj::?hg::;ldmg) 13 TeVv
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i CUETP8M1-NNPDF2.3LO (dashed line) HW++ CUETHppS1-CTEQ6L (red line)
: PYTHIA 8 Charged Particles (| n|<2.0, PT>0.5 GeV/c) ] HERWIG Charged Particles (| n|<2.0, PT>0.5 GeVic)
0.0 - f f f f f .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 particle density with p ; “transMIN” charged particle density with p ;
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andny| < 2.0 as defined by the
leading charged particle, as a function of the leading charged particle, 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-CTEQ6L,
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, and the HW7 tune CUETHppS1-CTEQ6GL,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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“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 particle density with p ; “transMIN” charged particle density with p ;
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andny| < 2.0 as defined by the
leading charged particle, as a function of the leading charged particle, 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-CTEQ6L,
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, and the HW7 tune CUETHppS1-CTEQ6GL,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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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 and 1| < 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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“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 particle density with p ; “transMIN” charged particle density with p ;
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andiy| < 2.0 as defined by the
leading charged particle, as a function of the leading charged particle, 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 PYTHIA 8 tune CUETP8S1-
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, CTEQG6L, tune ATLAS-A3-NNPDF2.3LO,
and tune Monash at the generator level. and tune Monash at the generator level
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"transDIF" Charged Particle Density "transDIF" Charged Particle Density
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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 patrticle density with p ; “transDIF” charged particle density with p ;
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andiy| < 2.0 as defined by the
leading charged patrticle, as a function of the leading charged particle, 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-CTEQ6L,
CTEQG6L, tune CUETP8M1-NNPDF2.3L0, and the HW7 tune CUETHppS1-CTEQ6GL,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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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 patrticle density with p ; “transDIF” charged particle density with p ;
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andiy| < 2.0 as defined by the
leading charged patrticle, as a function of the leading charged particle, 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 PYTHIA 8 tune CUETP8S1-
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, CTEQG6L, tune ATLAS-A3-NNPDF2.3LO,
and tune Monash at the generator level. and tune Monash at the generator level.
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=®» 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 andny| < 2.0 as defined by the > 0.5 GeV/c andiy| < 2.0 as defined by the
leading charged patrticle, as a function of the leading charged particle, 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-CTEQ6L,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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“transMIN” charged PTsum density with p ¢ “transMIN” charged PTsum density with p ¢
> 0.5 GeV/c andny| < 2.0 as defined by the > 0.5 GeV/c andny| < 2.0 as defined by the
leading charged patrticle, as a function of the leading charged particle, 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 PYTHIA 8 tune CUETP8S1-
CTEQG6L, tune CUETP8M1-NNPDF2.3L0, CTEQG6L, tune ATLAS-A3-NNPDF2.3L0O,
and tune Monash at the generator level. and tune Monash at the generator level.
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=®» 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 and 1| < 2.0 as defined by the 0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, as a function of the leading charged particle, 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-CTEQ6GL,
CTEQ6L, tune CUETP8M1-NNPDF2.3LO, and the HW7 tune CUETHppS1-CTEQ6GL,
and tune Monash at the generator level. and the HW7 default tune (MMHT2014) at
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“transDIF” charged PTsum density with p; > “transDIF” charged PTsum density with p; >
0.5 GeV/c and 1| < 2.0 as defined by the 0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, as a function of the leading charged particle, 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 PYTHIA 8 tune CUETP8S1-
CTEQG6L, tune CUETP8M1-NNPDF2.3L0, CTEQG6L, tune ATLAS-A3-NNPDF2.3L0O,
and tune Monash at the generator level. and tune Monash at the generator level.
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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-CTEQ6L at the HW?7 default tune (MMHT2014) at the
generator level. generator level.
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> 0.5 GeV/c andnj| < 2.0 as defined by the > 0.5 GeV/c andn| < 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#1l. The data are compared with the
PYTHIA 8 tune CUETP8S1-CTEQG6L at the HW?7 default tune (MMHT2014) at the
generator level. generator level.
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/S PlIimax

"transMIN" Charged PTsum Density "transMIN" Charged PTsum Density
1.8 1.8
CMS Run 2 Preliminary 1 CMS Run 2 Preliminary
— : Corrected Data (Bayesian Unfolding) 13 Tev - : Corrected Data (Bayesian Unfolding) 13 TeVv
% , ] Generator Level Theory 1 % , | Generator Level Theory }
$ 124 . 812 .
z ] , il t : z | . t :
oo fu oD Sos | Fat/ Pl T
g 1 CMS Tune CUETP8S1.-CTEQ6L g ] Tune HW7-Default-MMHT2014
i PYTHIA 8 Charged Particles (| n|<2.0, PT>0.5 GeV/c) | HERWIG Charged Particles (| n|<2.0, PT>0.5 GeV/c)
0.0 + f f f f f f 0.0 + f f f f f f f f f
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (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 andiy| < 2.0 as defined by the > 0.5 GeV/c andny| < 2.0 as defined by the
leading charged particle, PTmax, and as leading charged particle, PTmax, and as
defined by the leading charged patrticle jet, defined by the leading charged patrticle jet,
chgjet#l. The data are compared with the chgjet#l. The data are compared with the
PYTHIA 8 tune CUETP8S1-CTEQG6L at the HW?7 default tune (MMHT2014) at the
generator level. generator level.
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"transDIF" Charged PTsum Density "transDIF" Charged PTsum Density
1.8 1.8 |
R R o v lousmmzeemney '
% ] Generator Level Theory % ] Generator Level Theory
Q/l.ZT* ffffffffffffffffffff - gl.ZT*
o o5
g B , CMS Tune CUETPESL-CTEQSL ‘:>:-_, 1 Tune HW7-Default-MMHT2014
1 PYTHIA 8 Charged Particles (| n|<2.0, PT>0.5 GeVic) il HERWIG Charged Particles (| n|<2.0, PT>0.5 GeV/c)
0.0 f f f f f f f f | 0.0 T f f f f f f f f
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeV/c)
“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 andHfj| < 2.0 as defined by the 0.5 GeV/c andffj| < 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#l. 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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Non-Single Diffractive (NSD)
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CMS PAS FSQ-15-008

[ pr>oscev (= |
(A) At least 1 charged particle “zﬁé\h\ Forward Calorimeter (HF)

nl<2.4

3<Inl<5

+ Activity: at least 1 particle with E > 5 GeV

Available on the CERN CDS information server

CMS PAS FSQ-15-008

Inclusive: (A) + Veto: no particle with E > 5 GeV

Inelastic enhanced: (A) + Activity on at least one Forward Region

the other S|de

CMS Physics Analysis Summary

Contact: cms-pag-convenets-lsgicernch

2016/04/11

Measurement of pseudorapidity distributions of charged
particles in proton-proton collisions at /5 = 13 TeV by the

CMS experiment.

The CMS Collaboration

Abstract

Preudarapidity distributions of charged particles, dNg, Adiy, produced in proton-
proton collisions at a centre-nf-mass energy s 13 TeV are measured in the
peeadorapidity range [if| < 2.4 for charged particles with a ransverse momentum
pr = 05 GeV. Measurements are presented for four event categories. The frst bwo
categories cormespond to inclusive and inelastic-enhanced event samples. The other
twir categerivs are disjoint subsets of the inelasticenhanced event sample that are
either enbanced or depleted in single diffractive dissociation events. The measure-
ments are compared to predictions from Monte Carlo event generators which were
tured to describe the underlying event properties at lower centre-of-mass encrgies.
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(13 TeV) (13 TeV)
= S = 5
© i CMS Inclusive selection © - CMS Inclusive selection
S [ Preliminary e data S [ Preliminary e data
% B } — — PYTHIAS CUETMI % n ) — — PYTHIAB CUETMI1
—~, 45 N,2linn|<24 -__. PYTHIAS8 CUETSI —~, 45 N, 2lin ml<2.4 .. PYTHIAS MONASH
£ - p.=>0.5GeV — PYTHIAR CUETMI1 MBR £ - p.>05GeV e EPOS LHC
s [ ' e PYTHIAS 4C MBR 8 L[ 7 —— HERWIG++ UE-EE-4C
z [ z' [
. 4 T
3.5 - 3.5 -
3 . 3
25 - 2.5 -
- CMS PAS FSQ-15-008 - CMS PAS FSQ-15-008
2 T N U T U I 1 T 0 A AN O W VO O Y T I ETETE EEEEE PR NS P PN e N
2 =15 -1 =05 0 0.5 1 1.5 2 € -2 =15 -1 05 0 0.5 1 1.5 2

M n
=®» CMS “inclusive” data at 13 TeV on the charged particle density, dN/d, with p; > 0.5 GeV/c and
In| < 2.4 for events with at least one charged parte with p; > 0.5 GeV/c andij| < 2.4. The data
are corrected to the particle level and compared \wh several MC models at generator level.

pr>0.5 GeV

Inclusive; (A] (A) At least 1 charged particle{
nl<2.4
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© i CMS Inclusive selection © - CMS Inclusive selection
S [ Preliminary e data S [ Preliminary e data
% B } — — PYTHIAR CUETMI % n ) — — PYTHIAB CUETMI1
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M n
=®» CMS “inclusive” data at 13 TeV on the charged particle density, dN/d, with p; > 0.5 GeV/c and
In| < 2.4 for events with at least one charged parte with p; > 0.5 GeV/c andij| < 2.4. The data
are corrected to the particle level and compared \wh several MC models at generator level.

pr>0.5 GeV

Inclusive; (A] (A) At least 1 charged particle{
nl<2.4
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E - CMS Inelastic selection o i CMS Inelastic selection
§ [ Preliminary e data 5 [ Preliminary e data
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=®» CMS “inelastic enhanced” data at 13 Te\?on the charged particle density, dN/q, with p; > 0.5
GeV/c and | < 2.4 for events with at least one charged parte with p; > 0.5 GeV/c andny| < 2.4.
The data are corrected to the particle level and gopared with several MC models at generator

level. Inelastic enhanced: (A) + Activity on at least one Forward Region
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» CMS “NSD enhanced” data at 13 TeVon the charged particle density, dN/q, with p; > 0.5 GeV/c
and |n| < 2.4 for events with at least one charged parte with p; > 0.5 GeV/c andrj| < 2.4. The
data are corrected to the particle level and compad with several MC models at generator level.

- NSD enhanced: (A) + Activity on both Forward Regions
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raagg

g CMS SD selection 251 6 CMS SD Selzztion
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M n
=®» CMS “SD enhanced” data at 13 TeVon the charged particle density, dN/q, with p; > 0.5 GeV/c
and |n| < 2.4 for events with at least one charged parte with p; > 0.5 GeV/c andnj| < 2.4. The
data are corrected to the particle level and compad with several MC models at generator level.

CMS PAS FSQ-15-008 CMS PAS FSQ-15-008
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- SD enhanced: (A) + Activity on one Forward Region and Veto on
the other side '
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; 13 TeV MB “Common Plot”! arXiv:1602.01633
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arXiv:1602.016

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

Submitted ta: Phys. Lelt. B, CERN-EP-201B-014

5th February 2016

arXiv:1602.01633

Charged-particle distributions in Vs = 13 TeV pp interactions
measured with the ATLAS detector at the LHC

The ATLAS Collaboration

Abstract

Charged-particle disiribations are measured in proton-proton collisions ab a cenfre-nl-mass
energy of 13 FeV, vang a dota sample of nearly 9 million events, comesponding 1o sn n-
tegrated luminosity of 170 ph~!, recorded by the ATLAS detector during a special Large
Hadron Collider 61, The charged-pasticle mulliplicity, #s dependence on ansverse mo-
mentum and pseudorapidity and the dependence of the mean trensverse momentum oo the
charged-particle multiplicity are presented. The measurements are perfommed with charged
particles with transverse momentuin greater than 300 MV and absolute pseadorapidity less
than 2.5, i events with at least one chonzed panticle satisfving these kinematic reqauitements.
Additional measurements in & reduced phase space with absolute pseadorapidity less than
0.8 e also presented, inoonder o compare with other experiments, The results are cor-
rected for detector effects, presented as particle-level distributions and are compared Lo the
predictions of various Monte Carlo everit generators,

9vl [hep-ex] 8 Mar 2016

-~
¥

arxiv:1603.024

CERN-EP-2016-020
Gth March 2016

Submitted to: Eur, Phys. J. C

arXiv:1603.02439

Charged-particle distributions in pp interactions at s = 8 TeV
measured with the ATLAS detector at the LHC

The ATLAS Collaboration:

Abstract

This paper presents measurements of charged-particle disinbutions whech are produced
proton—proton cellisions at a cenfre-of-mass enermy of 4% = # TeV and recorded by the
ATLAS detector ag the LHC. A special dalaset recorded in 2002 with a small number of
mteractions per beam crossing (below UME and corresponding to an mtegrated luminosity
of 160 ph | was used. A minimum-bias trigger was utilised 1o select o data sample of more
than % million collision evenis, The muliplicity, preadorapidicy, and transverse momenten
distribations of charged pamicles are shown in different regions of kinematics and chorged-
particle mulliplicity, including measurements of final states at high maltiplecity, The resulis
wie presented as padicle-level distabations o which predictions of variows Monte Carlo
evenl gencraior models are compared.
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VIB' Distributions, at

ATLAS-PHYS-PUB-2016-017

ATLAS-PHYS-PUB-2016-017

Charged particle p,, p) > 500 MeV, |n| < 2.5, 7 > 300 ps

Charged multiplicity > 1, p; > 500MeV, |n| < 2.5, 7 > 300 ps
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VIB! Distributions at 13 TeV & &

ATLAS-PHYS-PUB-2016-017 ATLAS-PWYS-PUB-2016-017
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CMS+TOTEM, +/5 = 8 TeV, Inclusive pp CMS+TOTEM, /s = 8 TeV, NSD-enhanced pp CMS+TOTEM, /s = 8 TeV, SD-enhanced pp
—_ E ~ E T T T T T —
E 9 }\ T T T T 7T ‘ T T ‘ T ‘ % 9 = ‘ ‘ ‘ = JF T T ‘ T T T 1 ‘ T T T 1T T ‘ T [ T T T T E
° + N T =’ sD
3 3 C .- 3 o CMS+TOTEM data
g 7C 3 W g 4 —— CUETP8%1-CTEQ6L1 ]
6 W 6F —— CUETP8$1-HERAPDF1.5L0
= = 3 — CUETP8M:1 ]
= E L ———
c 4 =
*E —e— CMS+TOTEM data 8 —— CMS+TOTEM data 5 W ]
3 —— CUBTP851-CTEQSL1 3E —— CUETP851-CTEQ6L1 L & 4 ]
2 —— CUETP8S1-HERAPDF1.5LO 3 2 —— CUEBTP851-HERAPDF1.5LO = F *‘Hﬂ
JE —— CUETP8M1 E B —— CUETP8M1 3 r ]
2B NS RRRSRRE N1Sanss } } HHHHHHS 9 EHHHH | HHHHH
£ 12 g 12 18 128 " i =
= = = - 7—|ﬂ—|_,__l— =
5 LL - | == i N R
e == |g E s e==F lo E E
LZ) 0.8 = |= o8 = | S o8 —
BEES L1, \ L Lo, 13 Sl i \ \ \ Wi Bl o \ L1
3 4 5 6 3 4 5 6 3 4 5 6
[77] I7] I7]

=®» Compares the CMS CUEP8M1-NNPDF2.3LO tune with the CN5+TOTEM dN/dn data at 8
TeV.

The CMS UE tunes do a fairly good job (although not perfect)
describing the MB data! No need for a separate MBt une.

The CMS UE tune CUEP8M1-NNPDF2.3LO (Mstar) does a
better job in the forward region due to the PDF!
From CMS GEN-14-001
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Awailable on the CERMN CDR information server

CMS PAS F50-15-006

CMS Physics Analysis Summary

Contack: cms-pag-conveners-fagaicerm.ch

Measurement of the p.qmidnrapidity depend@nce of the

energy and transverse energy density in pp collisions at

Vs = 13 TeV with CMS

The CMS Collaboration

Abstract

The measurement of the energy Tow is presented in the pseadorapddity range 315 <
[g] < A6 in proton-proton collisions at the LHC for the centre-of-mass energy of
W5 = 13TV The data have been ohtained during several periods of low luminosity
apesation in 2005, The energy Oow, dE/dy, as well as the transverse energy density,
dEy/dy, are studied as a function of pseudorapidity for seft-inclusive-inelastic and
nomesingle-diffractive-enhanoed cvents, The resulis ane compared toomodels tuned to
deseribe high-enengy hadronic interactions and to earlier pp data at s = 90 GeV
and 7'leV, Comparisen to the earlier data allows to test the hypothesis of the limiting
fragmentation.

2016/04/14
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CMS PAS F50-15-006

CMS Physics Analysis Summary

Contact: cms-pag-conveners-fagacem ch

Measurement of the pseudorapidity dependence of the
energy and transverse energy density in pp collisions at
V’?; = 13 TeV with CM5S

2016/04/14

dE/dm| (GeV)

The CMS Collal CUETP8M1 does a

fairly good job!

Abstract

The measurement of the energy Tow is presented in the pseadorapddity range 315 <
[g] < A6 in proton-proton collisions at the LHC for the centre-of-mass energy of
W5 = 13TV The data have been ohtained during several periods of low luminosity
apesation in 2005, The energy Oow, dE/dy, as well as the transverse energy density,
dEy/dy, are studied as a function of pseudorapidity for seft-inclusive-inelastic and
nomesingle-diffractive-enhanoed cvents, The resulis ane compared toomodels tuned to
deseribe high-enengy hadronic interactions and to earlier pp data at s = 90 GeV
and 7'leV, Comparisen to the earlier data allows to test the hypothesis of the limiting
fragmentation.
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Awvailable an the CEEN U1 information server CMS PAS FSQ-16-D02

CMS Physics Analysis Summary

Caontact: cms-pag-ranveners-fagacemmach 2006,/ 04411

Measurement of the energy distribution in the very
forward direction at 13 TeV with CMS

The CMS Collaboration

Abstract

The event-hy-event engrgy depasition Into the very Fosrweard acceptance, — &b < gp =
—5.2, of CMS is measured and chargcterized in protore-proton collisions at 13 Teb,
Crata from the electromagnetic and hadronic sections of the CASTOR calorimeter
are used for this purpese. The results ane corrected to stable particle level and pre-
serited independently for the clectromagnetic as well as the hadronic component of
the hadronic multiparticle production. The data are sensitive to the prodoction of
neutral and charged mesons, which is a key ingredient for the modeling of cosmic ray
induced extensive air showers at ultra-high energies, The presented data are relevant
for the fraction of primary energy converted into secomdary muons. Furthermone, the
irba are sensitive to the charscteristics of multi-parton interactions,
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o
E = CMS
- H = ~ Preliminary
CMS Physics Analysis Summary T
2 F
conact emepopeome]  CUETP8M1 does afairly |, | £

good job, but overestimates
the soft energy!

Measurement of the energy distribu ery
forward direction at 13 TeV with

The CMS Collaboration
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PYTHIA8 CUETP8M1, ptORef = 3.0
PYTHIA8 4C+MBR
Herwig++ 2.7 UE-EE-5C

Abstract —

The event-hy-event engrgy depasition Into the very Fosrweard acceptance, — &b < gp =
—5.2, of CMS is measured and chargcterized in protore-proton collisions at 13 Teb,
Crata from the electromagnetic and hadronic sections of the CASTOR calorimeter
are used for this purpese. The results ane corrected to stable particle level and pre-
serited independently for the clectromagnetic as well as the hadronic component of
the hadronic multiparticle producticn. The data are sensitive to the produckion irf
neutral and charged mesons, which is a key ingredient for the modeling of cosmic ray e

induced extensive air showers at ultra-high energies, The presented data are relevant -
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CMS Phys. Lett. B751 (2015) 143-163 i CMS PAS FSQ-15-008 (13 TeV)
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(13 TeV)

ViB at 15 eV’ [aiN/an

MS PAS FSQ-15-008

Inelastic selection

IS Phys. Lett. B751 (2015)/ \8-163
) —_  ppVs=13Te\ CMS
. Preliminary o data
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5
5
: The UE tunes do a fairly good job
predicting the MB data. B i
e T
T =

AN
1 h Do not need separate MB tunes!
[> But may need to tune diffraction!

0
P
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Simultaneous UEMB-DPS Tune t:¢

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 n 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

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 n 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!
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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 n 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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s UEMB-DPS Tune t:¢

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 n 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 everythinggsfectly.

®» The PYTHIA 8 tunes such as CUETP8S1, CUETP8M1, and
Monash, describe fairly well both the underlying eent and
the non-diffractive contribution to MB observables. We
need to work on tuning the diffractive modelsThe ATLAS
MB tune A3 does fairly well on the UE, but could ddoetter!

®» The CMS HW++ Tune CUETHS1-CTEQSGL fits the UE

O
_ . D
“plateau” region very well, but cannot use it becaus of the
HW++ “bug”. Big change in going from HW++ to HW7! Must
DPS

No model describes all
the features of the LHC
UE, MB, and DPS datal!

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

®» Tunes that use NPDF2.3LO PDFifcluding the new ATLAS Tune
A3) do a better job in the forward region due to thdow-x gluon
distribution.

®» Hard multi-jet production in Z-Boson events at large P:(Z) is not
modeled very well by the QCD Monte-Carlo models (SHRPA is Central

doing the best). Must tune the hard ISR!

®» | do not understand why we cannot simultaneously fiboth the UE and
the DPS sensitive observables with the same tun@/e will continue to
work on this.

®» The CMS PC&GT group is actively working of improved PYTHIA 8,
HERWIG 7, and SHERPA tunes!
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