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Outline

e CMS: forward instrumentation
e Various aspects of soft, diffractive QCD and EWK
(in the order of increasing “hardness”):
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Bose-Einstein Correlations, emission source size
soft single- and double- diffraction

Double Parton Scattering

m 2light and 2 b-jets

m y+3jets

Underlying event at 2.76 TeV with a hard scale
Exclusive WW and Anomalous QGC

e New: dN/dn of charged hadrons at 13 TeV



CMS Experiment

e Excellent instrumentation at high n (“forward”)
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Bose-Einstein Correlations

e Identical boson-boson correlations can be used to determine the
effective size of the emission source

e I|dentified particles, multi-dimensional analysis

e Scaling and similarity between pp, pPb, PbPb vs N

CMS preliminary I‘rll < 1 2.5 T TT | T 1T | T TT I T 1T I T TT T 1T T 1T TTTT T TTT T

[ PbPb, syy=276Tev 7] - -
6 o pPb, Vsyy = 5.02 TeV - : - CMS Preliminary ] _
[ -G- pp,Vs=7TeV j 7 R S . e
[ -4 pp, Vs =2.76 TeV 1 B ' i
r —o— pp, Vs =0.9 TeV 1 - =
4t I I — 15F -
: AT e c - i
i e $ = = -
I 1 > - i
3 A £ L g i
I ” m 1 B l',. ] ]
ol B v JHEP05(2011)029 ]
: B M Data- |s=2.76TeV A Data -_\1"5 =09TeV 7
1 : 0.5+ —-Fit- \s=276Tev - Fit- {s=09Tev |
3 _ ® Data- \,"g =7TeV O Data -'_\,"s =7TeV ]
[ 0.3<kr<0.4GeVic | B —Fit- \s=7Tev e Fit- {s=7Tev s
O llllllllllllllllllllllllllllll —I L 11 | | | .| | | | | | | | .| | | .| | I .| | | | I I_
0 50 100 150 200 250 300 OO 5 10 15 20 25 30 35 40 45

Niracks <N >
ch

CMS PAS FSQ-13-002, CMS PAS HIN-14-013



Soft diffraction at 7 TeV
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DPS in 2 jets and 2 b-jets
AP(jis jk) = |bi — Pk

e QCD evolution with heavy flavour

e How to separate single and
double chain processes? —»

o atleast 4 jets with p.>20 GeV

e Correlation observables depen

on the DPS contribution
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DPS in y+3 jets
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Underlying Event: new result at 2.76 TeV

e Charged particle density and 2p_ density in the region
transverse to the highest p_ track-jet

e (Good description by PYTHIA and HERWIG, well tuned
e collision energy dependence well reproduced
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e SM xsec not measured before, excess indicates new physics
e Using WW—pe channel to beat the QCD and DY bg
e veto on additional tracks (reducing the inclusive diboson bg)
e require high p_(ey)
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Several methods employed
o tracking, tracklets, pixel counting

Trigger:

o zero bias, PU = 0.05, ~170k collisions in a special run

Definition of a ‘collision’:

dN/dn of charged hadrons at 13 TeV

o inelastic (leads to a few % MC dependence)

Datasets:
o data taken June 7, 2015

o number of collisions per bunch crossing: ~0.05

o CMS tracker and pixel detectors ON

o CMS magnet off, B=0 (straight tracks) \\CMS

First LHC publication at 13 TeV
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dN/dn: tracklets
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dN/dn: tracks

e Multiplicity distribution e (Comparison of corrected
of reconstructed tracks dN/dn results: tracks and
tracklets
CMS . CMS
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dN/dn of charged hadrons at 13 TeV

dN,/dn

e Averaged main dN/dn o Collision energy
result for inelastic dependence
events e Central value:
5.49+0.01(stat)+0.17(syst)

CMS CMS

' I pFI) \IJ_ =13 TeV ir{elasticf - . CMSI ! pp inellastic;

3 ; TE T ALSE s E

........ . " T - X E

- -- ,l.... _..l. -] ._._, -. - e 6 v UAS -

..-'."..".- ] w0 C + ISR ) ]

- E o 5 £ =--- PYTHIA8 CUETP8S1 =

. VY UE e EPos LHC ]

_ . £ C .

= 4F E

RS, - ]

3 E Z-8 3 F -

© N .

3 -=- data E 2 | e iy -

C - -- PYTHIA8 CUETP8S1 1 A e i ]

- e EPOS LHC E 1 E E

: L1 L1 I L1 L1 I L1 L1 I L1 L1 I L1 L1 I 1 L1 1 : E I parabOIic fit in |n(s) E
_3 _2 _1 0 1 2 3 0 [ 1 1 a1 1 1 p o 1 1 b o

0 10! 10° 10° 104
http://arxiv.org/abs/1507.05915 Vs [GeV]



http://arxiv.org/abs/1507.05915
http://arxiv.org/abs/1507.05915

Summary

CMS has a versatile forward, diffractive, exclusive,

soft QCD, MPI and low-x physics program

CMS forward instrumentation is unique, especially
complemented by the TOTEM experiment

o a joint physics program and data taking is underway

o CT-PPS will take off next year: tagging diffraction and CEP
at high luminosity

BEC: scaling between pp, pPb, PbPb

SD and DD cross sections measured at 7 TeV, CASTOR
DPS studied with 2 jets + 2 b-jets, and y+3 jets

New: Underlying Event at 2.76 TeV agrees well with models

New limits on AQGC and measured xsec of exclusive WW
The first LHC paper at 13 TeV: dN/dn of charged hadrons
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Results that did not fit in this talk...:

e |dentified particle spectra
o Eur. Phys. J. C 72 (2012) 2164

e EWK production of Z + fwd/bckwd jets,
o Eur. Phys. J. C 75 (2015) 66

e Mueller-Navelet dijet decorrelations,
o CMS PAS FSQ-12-002

e forward-central jet correlations,
o CMS PAS FSQ-12-008

e Drell-Yan cross section with jets,
o CMS PAS FSQ-13-003

Please see the full collection at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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Results that did not fit in this talk...:

Please see the following related CMS talks:

e Manfred Jeitler: exclusive WW and AQGC
o today 12:24, HS31

e Hans Jozef H Van Haevermaet: jets and

diffraction
o today 15:15, HS32

e Ankita Mehta: Double Parton Scattering
o today 17:45, HS32

e Manfred Jeitler: inelastic cross section
o poster session

THANK YOU FOR YOUR ATTENTION!
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END
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Leading charged particle (jets)

e How is the p-integrated
cross section of 2—2
processes tamed?
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What do the data say?

18



Leading charged particle (jets)

. . CMS pp Vs =8TeV
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normalized at 15 GeV

e Shape of the distribution is
not well described in general
e EPOS gives the best
(and excellent) description
of the data

MC scaled to data at P, = 14.3 GeV
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