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Underlying events studies with leading track-jets:
sgrt (s)= 2.76 TeV

Hard/soft transition leading charged particle / jet

cross section: sqrt (s)= 7 TeV

Mininum Bias - soft diffraction (update):

sgqrt (s)= 7 TeV

Minimum Bias - charged particles multiplicity:

sgrt (s)= 13 TeV
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PTmax Direction

“Toward-Side™ Jet

A

PTmax Direction

Data: sqgrt(s) = 2.76 TeV

0.3 nb’, PU 6.2%
(in comparison to 0.9 and 7 TeV)
Jet—enhanced MinBias data

? “Toward"”
“Toward™

“TransMAX”™ o “TransMINT “TransMAX?

Jet 43

Jets: track-based Ijets

tracks pT > 0.5 GeV and [Nl < 2.5
SisCone 0.5: pT(jet) > 1.0 GeV

In(jet)| < 2.0

“Away-Side® Jet

TransMIN - MPI mostly

TransMAX - MPI + (FSR, ISR)
Observables:

Hard scale: pT(leading track-jet)

In the transverse region: (60°<|Ad|<120°)

Charged particle density

Charged particle transverse momentum density
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CMS Preliminary
-

TransMAX density Vs =2.76 TeV
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. CMS Preliminary TransMIN density Vs = 2.76 TeV
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charged—-particle jet 4

MOt ivation . =y 10" £ .. PYTHIA: [p_ 0] MPI an, 22*

der o 10?
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Trmin
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10" F Phys. Rev. D 86, 117501 (2012)

.Ind- 1 1 el 1 |'|—I;;_||||

(charged-particle jets): 1 ° mmmﬁr

1 / ead [ AN 1 ( AN )
miny _ dplea — Jﬂ.f-;"]'“] sad
r(pr™) Neyt J pmin P1 (dplead) revt .I'-"'I'I-L-.;dgf"l'mil'. - APTiead

T

Event x-section of leading charged particles

Low pT region:
Sensitive to MPI, probes pQCS - non pQCD transition region,
low—x physics
Data: Low-PU (~0.04) 2012 data at sqrt(s)= 8 TeV; CMS-TOTEM run
MinBias with TOTEM T2 (>90% of total inelastic sample)
Selection:

Leading track: Inl<2.4, pT >400 MeV (normalization sample)
Leading track—-jets: anti-kt 0.5: In|<1.9, pT(jet) >1.0 GeV
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rged particle
charged-particle jet
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CMS Preliminary

Inclusive pp V5 = 8 TeV
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MPI:

small contribution

Best description - EPOS

Leading particle

Leading track-jet
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ctive
Phys. Rev. D 92, 012003 (2015)
—section (update) —

- Compac( Muon Solenoid

Data: Low-PU (~0.14) 2010 data at sqrt(s)= 7 TeV

Selection: MinBias with BSC (~total inelastic sample) + LRG topology

At least 2 particle candidates in the BSC acceptance |[n|<4.7
No vertex requirement (M <100 GeV)

MC: Pythia8+Minimum Bias Rockfeller model based on renormalized Regge model

Pythia8-4C
'l Dmln " ﬂma.at
hh Mmin© Minax RG @ +Z Side RG" @ -Z Si de Mon Miax ‘ | ! oD
T } <D = : | SD | |
C) l]min M max My . ”min Tlmax M X
DD | ;‘ , D CASTOR tag:
i T T e —

any signal E >1.48 GeV

“"SD" sample: detector-level distribution &: (data vs Pythia-MBR)

1624 (7 TeV) 162" (7 TeV) 16.21b"" (7 TeV)
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16.2 b (7 Tav)

CMS PAS FSQ-12-005
Phys. Rev. D 92, 012003 (2015)

16.2 b (7 Tav)

T T T T TT T T T ] " 2.""|""|""|""I""I""I""I""_
= F ] P F 3
section & & T M EAETIIITY
ot = 1.6 - i - u_f?c 'I.E-:— . Dala E
. Z14f s 4 _214ab pYTHIAversion _ CASTOR =
Corrections from det.level: £ u:f p=fowasdngid 4 & 1ap — vt E
: . = 1E ".__-__."'f"' [ E 1B = PR-AC I ! VetO 3
§—M 2/8 -« s Y(E'+p2) S ek [0 Pl 4% ep 7 SR
= i : : i CASTOR 3 o8 1 3
x ."L. r ] o - ]
W naf £ = naf 3
2 corrected x-section L S Ry R LR Ry R Y R R
mgm'"x Ingmt-‘x
wgp”’ Sample . , 16.2 ub {7 TeV) , 16.2 ub (7 TeW)
g 18 CMS log, M, < 0.5 B} 3 E e CMS 0.5 < log, M, < 1.1 id)
o= 1EE - “ABE | D 3
o4k 3 e iab - erosEr E
. E - - E Foon OGSJET--03 =
Extrap01atlon . Pythia-MBR €=0.08 g a2t o [ & 1af OGSIETI104 E
!; L =T -"{' I % 1E - EPOSLHC =
D 0 +1.49 +1.17 - ©osp Fr 1'4:':-'-'-{'-_- ----- te 3T e 3
I S 3 naf T R
§<0.05 o2b | L3 P ST S TP 05 = B B
PP =517+ 0.08 (stat) {3 (syst) 57 (extrap) mb  oposgpmoaposgonsgriogipeosgosirend ofeed i iy
|7| | >3 Iugm'"x Ingmt-‘x
’s 16207 (7TeV) o5 — 16.2 ub” (7 TeV)
:(a) e CMS (extraplolated with PYTHIAB-I\;"IBR) C|MS: 'g E(b) ® CMS (extrapolated with PYTHIA8-MBR) CMS E
- ' o ALICE — PYTHIA8-MBR (£=0.104) 1 = T o ALICE NSD (DD+ND)
20— o CDF -- PYTHIA8-MBR (=0.08) d a 2 o coF — PYTHIA8-MBR (¢=0.104) 7]
- o E710 el 1 a C -~ PYTHIA8-MBR (=0.08) ]
- O UM .. KP 7 -1 b C -- GLM ]
C « CHLM(ISR) PR 150 - KP i
15~ 4 Armitage et al. (ISR) A 7 5 1
- < 0.05 R ] - A>3 ]
— < U P — — —
10— N % - - 103 -
sF- N
N ] ok ] Ll . Ll L ]
0l e 10 102 10° 10°
10 102 10° 10*
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Ttiplicity @ 13 TeV.

Data: sqgrt(s) = 13 TeV, CMSQ@OT, PU < 5%
ZeroBias events (BPTX trigger)

Tracks: pixel (3 layers) based tracks
Tracklet: i

use feature of straight tracks:

an
=

find a combination of two hits E 2 §
. . . 510 51
in different layers of pixel 5 s
Sensitive to tracks pT > 40 MeV £g9 £l i
Inl<2 [  ouse cuetfeus
T o B BgmusTipamal e TR A Ly L. i (LA
+ tracklet-based vertexing 10 02 015 04 005 0 005 0.1 015 02 104_2 R e
+ corrections using PYTHIA8 CUETP8M1 T s a0
0.06 T
¥ . ' ' ' ppVs =13 TeV]
Tracks from pixel hits triplets: 0.05 | my "t :
three aligned hits fitted to a straight o -'ii-i .
. O4rg "L !
line = L HL m data f
Inl<1.8, |z0|<20cm e L Sl e iea e
Good performance for pI > 50 MeV ool F
+ vertexing 3
+ corrections 0.01 F
0 i. PRI T R T N T MR MR MR
0 10 20 30 40 50

Inelastic event selection efficiency 86-90%
number of reconstructed tracks


mailto:CMS@0T

particles
ultiplicity @ 13 TeV

CMS FSQ-15-001

CMS
Good agreement between ) . . D Vs =153 TeV moiastio ]
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CMS,
- Summary

B—

* Excellent CMS performance allows a wide range of
(soft) OCD studies

— forward instrumentation (optional, at special runs)
— possible combination with TOTEM data (at special runs)
- very inclusive MinBias trigger
— extended tracking acceptance with T2
(e.qg. de/dn measurements for extended m region, 2012)

— TOTEM Roman Pot taggers
* Underlying events, MPI studies (RunI)
— track-jets allows to go down to low PT values

* Inclusive diffractive cross-section (RunlI)

* Charged particle multiplicities at 13 TeV
— first LHC RunII publication!

* Looking forward for more data from RunII
also in common CMS-TOTEM data-taking






Charged par

Data: Low-PU (~0.04) 2012 data at sqrt(s)= 8 TeV; special run (Bf*=90m)
Trigger: T2 (TOTEM)MinBias trigger -> CMS: 5.3<|n|<5.6

Online time synchronization —-> offline data merging (event-by-event)
Selection:

T2 : inclusive (=1tr OR)
NSD—-enhanced (=1tr AND)
SD—enhanced (! (=1tr AND))
F%>4O MeV (performance)

CMS: good vertex (>1 tr)
tracks:
high purity
quality + |n|<2.2
g%>100 MeV

+ corrections + extrapolation to pt=0 (MC)

SD—enchanced: 26% of inclusive; contains ~50% NSD (MC)

Uneertainties: CMS:
Source Inclusive NSD-enhanced SD-enhance Source Inclusive NSD-enhanced SD-enhanced
Event and primary track selection (Cg(17)) 3-5% 4-6% 9-16%  Tracking efficiency data-MC discrepancy 5-6% 5-6% 5-6%
Tracking efficiency 3.9% 3.9% 3.9% Primary selection (including alignment) 4-5% 4-5% 4-5%
Trigger efficiency 0.1% 0.1% 0.1% Non-primaries in the double-Gaussian peak 5% 5% 5%
Model dependence 1-4% 1-4% 1-4% Material effects 3-6% 3-6% 3-6%
Correction to pr =0 0.2% 0.2% 0.2% High-multiplicity events 3% 3% 3%
Statistical 0.1% 0.1% 0.1% Event selection 2-3% 2-3% 13-15%
Total 579, 6-8% 10-17%  Tracking efficiency dependence 2% 2% 2%
on energy spectrum and magnetic field
Track quality criterion 1% 1% 1%
Correction to pr =0 0.5% 0.5% 0.5%
Trigger efficiency 0.2% 0.2% 0.2%
Statistical 0.1% 0.1% 0.1%

Total (after averaging half-arms) 10-12% 10-12% 16-18%




Charged par

Inclusive pp CMS-TOTEM, 5 = 8 TeV, L = 45 ub™ NSD—anhanuad pp CMS-TOTEM, {5 = 8 TeV, L = 45 ub™
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Selection: MinBias with BSC (~total inelastic sample) + LRG topology

At least 2 particle candidates in the BSC acceptance |[n|<4.7
No vertex requirement (N&<100 GeV)

Data: Low-PU (~0.14) 2010 data at sqgrt(s)= 7 TeV

MC: Pythia8+Minimum Bias Rockfeller model based on renormalized Regge model

Pythia8-4C
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CMS Preliminary,/s = 7 TeV, L = 16.2 ub™

CMS PreliminaryJs = 7 TeV, L = 16.2 b

CMS PA

CMS Preliminary,yJs = 7 TeV, L = 16.2 ub™
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