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- Minimum Bias (MB) and Underlying Event (UE) S
i Underlying Event (UE) *

POF _ : sl pp collisions @ LHC
: e - - hard scattering

:glll

MPY

|
B, 8 1
Raa, 2 s = - softer partonic interactions (MPI)
il 3 : - initial and final state radiation (ISR and FSR)
o= g : - beam beam remnants (BBR)
N %0 S UE : additional activity on top of
: ; i the hard scattering
—— O HE - h 1
. . i
Minimum Bias (MB) : Importance of UE
_ - - * These processes can't be completely described
¢ Very loose trigger conditions. i by perturbative QCD, and require
¢ Dominated by low p. QCD processes. : phenomenological models, whose parameters
¢ Sensitive to saturation effects of cross-section 1 are tuned by means of fits to data.
|
and MPI. e Same sign WW production from MPI can mimic

final state of same sign dilepton SUSY searches.

¢ Possibility to understand the different components of
particle production.

¢ improve the modelling of various key ingredients of

¢ MC hadronic event generators, such as MPI, parton
hadronization, and other final-state effects

It can affect isolation criteria applied to photons
and charged leptons.

Presented for p_leading track/jet (FSQ-15-007) &

Measurement of p.. spectra of charged hadrons identified via . . .
b Py SP J ! et Using p, of dimuon pair (FSQ-16-008)

energy deposition in Si detectors (FSQ-16-004) i
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Identified charged particle spectra (1,K,p) at 13 TeV

» Event Selection :
- Zero Bias, in line with previous Minimum Bias analysis arXiv:1706.10194
- main goal is to show inelastic spectra and multiplicity dependence ~ Submitted to Physical Review D
- HF is not used in analysis, but showing traditional (double sided) selection
- in order to compare with previous measurements at lower energies

* Minimum Bias Tracking <, I
- Low p, and low fake rate tracking PRy aia Yoy  —
- used successfully in previous spectra and multiplicity papers \ 3 "’,F;
- Iterative: hits on found tracks and successively removed 8 %% s
- Cluster shape filter is used for both pixels and strips E 20
E '
CMS simulation _ _ : 5T
T e T L L j“-ﬂﬁ special tracking "
- algorithms extend
1} 0.04 & reconstruction 2 |
g £ capabilities down to
% 0.8 _| } p Acoso. Effic Jo.03 E pT~ 01 Gev i il I I | i
5 :|+’,-‘_' S F"_,'_'f E 01 02 05 1 2 5 10 20
2 0.6 H IL | .- KH ] e Acceptance : flat (96-9¢ o [GeVic]
s [ L,; 3 o P 10022  forp.>0.4 GeV
04 Hif 8 - . 2N.aN0
§ ] lfl.' ] B I\R/”esc_(r)gsgﬁgr'g&gg frggkgrc;’[/gz . ¢ Distributions of In € as a function of
0.2 1;’;' " Misrec. rate —o— 1001 2 Verv small. 1% for ' total momentum p for +ve particles.
g 0 <y0 2 G éV ¢ Identified from the energy deposited
)~ S PN i i ca et A T in the silicon tracker and the
0 05 " [GLW:} e 2 reconstructed particle trajectory.
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Identified charged particle spectra (1,K,p) at 13 TeV
arXiv:1706.10194

. [ pp Vs =13 TeV ¢ =,
- p, spectra, average <p.>, ratio of particle yields “ 5
* Selection:  pions are described well by all three % ; - Pythia8 CUETPEM1
- |y| <1 generators ﬁm -- Pythia Z2*
-K:ip<1.05GeV « kaons are best modelled by &
-Tip<l2GeV PYTHIA8 and EPOS. 5
-p:p<1l.7GeV  For protons only PYTHIAS gives a L, o
good description. 2
0.35 cms : , : CMS
[ pp Vs =13 TeV :DE\I'E;{STIE‘? ' * ' 1
03 - 1.4 ! S pr [Gevic]
025 | e [ . E 1
LS e 1.2 | k¥ ¥ .
@ [ we e S T ] e
8 o2} e e B e _ :
E [ A R i SR © Only PYTHIAS is able to
E 015 I 13 ' i wiE predict both the K/mt and p/m
[ e e e ratios as a function of p..
01 | &7 — pymiascuETPeM1| 08| {1 @ The ratios of the yields for
el A T Pyihias 72 ] : ] : oppositely charged particles
T (5 il esl o 1] are close to one (backup), as
N 0 oy ) o o S]] expected at this
0 05 [GLWG] 5 2 o s s center-of-mass energy in the
o b, [GeVic] central rapidity region.
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Identified charged particle spectra (1,K,p) at 13 TeV

arXiv:1706.10194 Submitted to Physical Review D
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Average p, of identified charged hadrons and ratios of particle yields in the range |y| < 1 as a function of the corrected track
multiplicity for |n| < 2.4, for pp collisions at at Vs = 13 TeV (filled symbols) and at lower energies (open symbols)

both (pT) and yield ratios show only a mild dependence on the
center-of-mass energy.
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Reference hard direction
Leading charged-particle/jet

ard-Side™ Jet

ISR/FSR

MPI/BBR
+MPI/BBR

Rajat Gupta (Panjab University,IN)

Underlying Event (UE) Observables

Underlying Event study using Leading Track/Jet:

Spatial Distribution of tracks is categorized by

()

track leading track/jet

azimuthal separation A® = ®
1. |A®| > 120° (away)

2. 60° < |AD| < 120°(transverse)
3. |AD| < 60° (towards).

UE observable:

Avg charged particle multiplicity density:
<N_>/[AnA(Ag)],

Average Scalar sum of transverse momenta
<2p.>/[AnA(Ag)]

transMAX(TransMIN): activity in maximum
(minimum) activity side of transverse region

transAVE: (TransMAX+TransMIN)/2

transDIF: (TransMAX-TransMIN)
Sensitive to ISR/FSR

MPI17, Shimla (India)
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Underlying event with leading particle and Jet @ 13 TeV

CMS-PAS-FSQ-15-007

@ Average Particle density vs leading jet p_ for charged particles : p_ > 0.5 GeV and |n| < 2.

a -1
281 nb (13 TaV) i, 281 nb (13 TeV) 281 nb? (13 TeV)
T [ - cMS | T e
% o[ e Pythiaz o CLETRRMI CMs = — Pyttt CLETREMI 3 12K i CcMS
2 2.5_ mhﬂ < 44 Pytias + Dioal - [| —— Pythiag « CUETPEMI
E H— + Monash Praliminary 2 - — 5 [|— Bytiaz + Monash Praliminary
= F | e e ERCIS = wrene EFCIE 8, L
. \ 212 ) < - EPos
EE 2 Banwig + CUETHES z Honwig = CUETHE 15 Harwig « CUETHST +
= e e g L T 1 7 s L

0B i S e +

vab transMIN n.zE.'
L L [i]

0.8
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04 . . ' B
e QAR lAE , ,
Leading Jet o, (GeV) T o i ah i) i 1) it B
Leading Jet p._{GeV) Leading Jat p_(GeV)

two different regimes:

« Atlow p. : sharp rise due to increase of the MPI activity.

« At higer p_ : MPI activity saturates, slow increase due to the ISR and FSR contributions.

TransMIN flatter at higher p. (MPI saturated) than transMAX and transDIF (ISR/FSR increase)
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Underlying event with leading particle and Jet @ 13 TeV

CMS-PAS-FSQ-15-007

® Average p, sum vs leading jet p_for charged particles — p. > 0.5 GeV and |n| < 2.
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Qualitative behavior described by the simulations:
* Level of agreement is 10-20% in the plateau region.

« Larger difference between models in the low p_ regions.
mem)  Data better described by Pythia8 Monash and CUETP8M1
HERWIG + CUETHSLI fails in the low p_ region (lack of diffractive events)

EPQOS describes the rising part but fails to describe the plateau.
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Underlying event with leading particle and Jet @ 13 TeV
CMS-PAS-FSQ-15-007
@® P, sum density vs leading jet p.: energy dependence 2.76 TeV —» 13 TeV

281 nb™ (13 TeV) 281 nb™ (13 TeV) 281 nb” (13 TeV)
= 18F = T > f
4 F CMS 2 16F CMS & 4 CMS
5 1'6: Prafiminary :% C Prafiminary ?3.5-— Prafiminary
IF;“L' Duln  Monash CUETPEMI CUETPSS1 CUETHSE! I:_?.Iui-“r:_ Data  Monash CUETPEMY CUETPES1 CUETHS1 ‘;—,1' T n:u Monash CUETREM E_UE___'_B? '?"_E_"faj
% E BT —— s e oo EI.E 13 TeV E 3 1;::: 4 e e oo
1.2H zretev et . }T— o
[ + 1L 25
3 et [ + RO
ok f” 0.f 4+ T 2r +
7 i T T o: s :i;H—’
os ¥ LIS ey S A -
n.d-—'*,';'-'? 0.4 It mnstrrh
n_g;f transMIN ol transDIF - transAVE
ﬂlIIIIIIIIIIIIIIIIIIIIII'I ﬂ-lllI|IIII|IIII|IIII|IIII|I ﬂ|||||||||||II|IIII|IIII|I
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Leading Jet p_(GeV) Leading Jet p_ (GeV) Leading Jet p_(GeV)

Strong energy dependence well reproduced by the different models
* Increase of the parton densities at smaller momentum fraction.
* transMIN shows a stronger rise than transDIF
m==)  MPI activity grows faster with CM energy than activity from ISR and FSR.
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.

@ 2 muons from Z leptonic decay with p_> 10 & 20 GeV,
In|<2.4&81< M, <101 GeV

Lepton-Pair Direction

@ charged particles with p. > 0.5 GeV & |n| < 2 inthe

% % towards, transverse and away region.
“Toward"”
0 'f @® Test the process universality of the underlying event
+
A “Trans 17 “Trans2” o T
% S activity.
p— ® No Final-State Radiation - more direct access to MPI

and Initial-State Radiation

ISR

m Test the universality of the tunes interfaced with

different event generators.

ArXiv:1711.04299 (submitted to JHEP)

These observables are studied as a function of p_** in narrow mass window
(around Z resonance i.e 81-101 GeV), in away, towards and transverse regions.
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Results

— — -1 + - R
PP ZaX o ww X 2.1 15" (13 TeV) oD > Z+ X - w4 X 2.1 17 (13 TeV)

—=— Data (towards) CcCMS 12

3.5 - Data (transverse)

| —— Data (towards) cCMS

| —=— Data (transverse)

== Data [away) 10 | —— Data (away)

[#4]

81 <M, (GeV) < 101

Charged particles
{p:uT = 0.5 GaV, Inl = 2) I

T

| 81<M,, (GeV) < 101
— Charged particles

1[AMAGBH]I (N, )
M3
tn
1/[AnA(Ad)] ( Zp. ) [GeVhrad]
o

_—f— | (p, >0.5GeV, i <2) '
2t o Tr sl P~ sum density vs p,*¥ ]
- 4T S
150 4 5 4T
1533:—1=ﬁ:ﬁi': SERes i L
- 2l ~ g M
0.51 particle density vs p_"* “;‘;;.:n::t::t:‘:ﬁitf i 4
G; 1 1 1 ] 1 1 l 1 1 1 l D|_ 1 1 | 1 1 | 1 1 1 1 1 1 | 1 I |
0 20 40 60 80 100 0 20 40 60 80 100
p.[GeV] p "[GeV]

Away : fast rise in UE activity due to recoiling hadronic activity (ISR).

Towards and transverse : slow growth ( due to large spatial separation).

All activities equal as p.**—»0 : difference in UE activity for different regions is due to

varying radiation contribution. ArXiv:1711.04299 (submitted to JHEP)

UE activity does not start from zero due to hard scale set by event around Z resonance
(MPI activity already saturated)
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UE in DY — avg particle density vs dimuon p_

pp = Z+ X = uww+ X

21" (13 TeV)

—e— Dafla
- == MADGRAFH + PYTHIAB
— POWHEG + PYTHIAB
= POWHEG + HERWIG++
81 <M, (GeV) <101
|- Charged particles
E lp, =0.5 GeV, Il < 2, transverse)

CMS

.F 1 1 1 |

_: :I Total uncerlainty

Z :I Tolal uncertainty

S o

0 20 40 60 80 100
p. [GeV]

ArXiv:1711.04299 (submitted to JHEP)

PP(P) = Z+ X = u'uw +X

5 1.6} Charged particles CMS — o CMS,

«© - pp, Vs = 13 TeV

—_— | lransverse ,

-~ 1.4f - _ w CMS,

5 Vs=7TeV

= PP

-~ — o CDF,

= pp, Vs = 1.96 TeV

< — POWHEG + PYTHIAS,
- pp.As =13 TeV

5 —_ POWHEG + PYTHIAS,
= pp, Vs =7 TeV

— POWHEG + PYTHIA8

PP, VS = 1.96 TeV

POWHEG + HERWIG++,

pp.Vs =13 TeV

. POWHEG + HERWIG++,
pp, s =7 TeV

. POWHEG + HERWIG++,
PP, VS = 1.96 TeV

particle density vs p_*¥

0.81" [ ] Total uncertainty

0 20 40 60 80 100
pi4(GeV]

MC /Data MC/Data MC /Data

POWHEG + HERWIG++ EES5C:

overestimates UE activity by 10-15% in all

regions
POWHEG + PHYTHIA8 CUETP8M1.:
describes the data within 5%

MADGRAPH + PYTHIA8 CUETP8M1.: gives

the best description

e 1.96 TeV - 7TeV - 13 TeV:
* POWHEG + HERWIG++ EE5C:
overestimates data by 40 to 10%.

* POWHEG + PHYTHIA 8 CUETP8M1.:
describes data within 10 to 5%.
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UE in DY : activity at different energies

PP(P) — Z+ X — piy + X * To quantify increase in UE : ratios are calulated
g 28/ omamaTerT o CMS (UE) 53 1/ (UE activity), , oo ., for both simulation
= 2.6 T paarevieaTewy and data.
Z°2.4] " LOWHEG + HERWIGH, (7 Tevi1 96 ToV) » 25-30% rise from 7 to 13 TeV , models in good
3 2% agreement.
T oo particie denstty vs b, « 60-80% rise from 1.96 TeV to 7 TeV, models predict
=18 lower increase particularly at lower p.
g
o

« Atlow dimuon p_: underlying event activity dominated

T T T RV R T by MPI contributions.
Pl [GeV]

« Average particle and energy density for dimuon p_ as a
PP(P) = Z+ X — uw'w + X

% 1.6L - poWHEG + PYTHIAS CMS function of CM energy in the combined towards and
;1-45 " PownEa + PYTHIAS MPIOFF transverse region.
: "2 Chargodpricies ‘ ArXiv:1711.04299 (submitted to JHEP)
S s |« POWHEG + PYTHIA8 Without MP! : contribution from

08} . radiation very small.

z::;_ + p,** <5 GeV * Increase of MPI activity well reproduced by POWHEG +

0:'|2 "% 8 10 12 PYTHIAS.
Vs [TeV]

Overestimated by POWHEG + HERWIG++.
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Conclusion

» The yields and spectra of identified hadrons for laboratory rapidity |y| < 1 have been studied as
a function of the event charged particle multiplicity in the range |n| < 2.4.

» The PYTHIA8 CUETP8ML1 event generator reproduces most features of the measured
distributions; EPOS LHC also gives a satisfactory description of several aspects of the data.

» As observed in lower energy data, the average p, and the ratios of particle yields are strongly

correlated with the event particle multiplicity at LHC energies.

@ Measurement of UE activity at 13 TeV using inclusive Z Boson event and leading jet/track at 13
TeV is presented.

@ Underlying event measurements
@ Probe the dynamics of hadron production with increasing precision.

@ Sensitivity to the parton densities at small x and small scale,

@ Various observables enable to measure these different components independently from each
other.

@ The Results are valuable inputs to further constrain phenomenological models used to describe

the particle production at low p_
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CMS Publications

@ Measurement of charged pion, kaon, and proton production in proton-proton
collisions at Vs= 13 TeV, arXiv:1706.10194

@ Underlying Event Measurements with Leading Particles and Jets in proton-
proton collisions at Vs= 13 TeV, CMS-PAS-FSQ-15-007.

» Measurement of the underlying event using the Drell-Yan process in proton-
proton collisions at Vs = 13 TeV, ArXiv:1711.04299
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