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Structure of Forward and Small-x QCD group in CMS

Diffractive & exclusive production
8 PAS

Forward jets & small-x QCD physics studies
12 PAS

Multi-Parton Interactions (MPI), Underlying Event (UE) & soft
QCD studies

22 PAS
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Inelastic pp cross section at Vs =7 TeV

15t method: event counting with HF as a single-sided trigger
Measurement of the inelastic pp cross section at Vs = 7 TeV
CMS PAS QCD-11-002
2"d method: pile-up counting
Measurement of the inelastic pp cross section at Vs = 7 TeV with the CMS detector
CMS PAS FWD-11-001

Single and Double Diffractive cross sections at Vs = 7 TeV

Measurement of pp diffraction dissociation cross sections at \s = 7 TeV at the LHC
CMS PAS FSQ-12-005



Inelastic pp cross section at\s =7 TeV.

15t method:
event counting with HF as a single-sided trigger
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Forward instrumentation: HF
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Events selections

- low pile-up runs with A from 1% to 12%

- HF as a single sided trigger:
either HF has at least one hit above 5 GeV (4 GeV) total energy

- 3 data samples with different triggers

“coincidence trigger” = zero-bias trigger -> 2 colliding proton bunches

“single-bunch” = BPTX exclusive OR(XOR) trigger -> single proton bunch
“random”

are used to subtract background from inelastic events

Trigger Name No. of Triggers 4 GeV 5 GeV
Coincidence trigger 9244011 239782 191654
Single-bunch trigger 1097292 8883 3291
Random trigger 27759 254 89

Over 9.2 million events were processed in the dataset with low pile-up data 2010y.,
corresponding to an integrated effective luminosity of 2.78 ub-L.



MC simulations and event efficiency

¢ = M,? /s, where M, > M, the invariant mass of the system

* In case of single diffractive events,
¢ is the fractional momentum loss of the
scattered proton

» Events with small ¢ can escape detection
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For ¢ > 5x10° (M, > 15.7 GeV), CMS has more than ~98% efficiency of detection



Inelastic cross section: definition

Inelastic events

Ninel ( 1 — b{;_‘ ) (1 + fpu) Low mass | High mass events £>5x10°

events

e: [Ldt el o

Tinel(C > 5 X 10_6)‘:

VISIBLE (“ch_‘”)

- bz is the fraction of low mass events, which are
- visible as high mass events;

- €¢ is the efficiency of detection of high mass
- events;

f O IELP(A) . 1—(14A)e
-fpu IS the pile-up correction factor because more pa 0 E= PEA) T 1-e A
| than one collision is also counted as one; 1 A2 3
~ 31 O W)
- A is the average pile-up number, which is calculated
from data directly

] Ldt is the integrated luminosity based on the Van der Meer scans.
The uncertainty of the luminosity is 4%, which is dominating systematic
uncertainty of this analysis.
NZ%B — Nhoise

Ninel —
, . o . SB SB
- Ninel is the number of visible inelastic events after L—Npise! Negpers

background subtraction - 10




Inelastic cross section: result at £>5%x10°

g ' CMS Preliminary ]
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Pile-up (%)

average o value obtained
under various (low) pile-up
conditions for the 5 GeV
threshold

v2Indof = 1.2

Tinel (€ > 5 x 107°) = [60.2 £ 0.2 (stat.) £ 1.1 (syst.) +2.4 (lum.)] mb
\

' Systematic uncertainty of ¢i,e (& > 5 x 107°)

|

" HF energy threshold 0.19%
Tower exclusion 0.41%
Run-by-run variations 1.3%
Selection efficiency 1.0%
Fraction of events below the ¢ threshold 0.50%

~ Total 1.8% (£1.1 mb)

Overall scale (luminosity) uncertainty 4%
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Inelastic pp cross section at Vs =7 TeV

2" method:
Pile-up counting method

ME E x4 1Y Vé t 9t i M =N

4 1Y 201

T -~ .1 2 Count the number of pile-up events as a
' | _ function of the instantaneous luminosity =>
~ measure the pp cross section
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Key instrument: Tracker

TRACKER
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Analysis flow

- 2 different data samples are collected with CMS triggers (3x10° inclusive di-
electrons and 1.5x10°8 single muons)

- count the number of primary verticies in each bunch crossing, which is considered
as a pile-up value in the first approximation

- for events with pile-up from 0 to 8 the distributions is plotted in 13 equal
luminosity bins (0.05x103° < L< 0.7x1030 cm=2 s1)

- a bin-by-bin correction method is applied to calculate corrected factors for each
luminosity bin

- corrected 9 distributions on lumi for different pile-up are fitted with Poisson curve to
get 9 estimations of inelastic cross sections

- average value of inelastic cross section is calculated

The analysis was made for 4 samples of events

1. events with at least 2 charged particles, each with pt > 200 MeV and | n |[<2.4
2. events with at least 3 charged particles, each with pt > 200 MeV and | n |<2.4
3. events with at least 4 charged particles, each with pt > 200 MeV and | n [<2.4
4. events with at least 3 particles, each with pt > 200 MeV and | n |<2.4

14



Vertices

- each track should have at least 2 pixel hits and 5 strip hits

- each vertex should pass an overall quality cut, NDOF > 0.5 NDOF =2%%,,, (weights)-3
- overlapping vertices are merged

- real pile-up vertices should aligned along the beam pipe (d<0.094 +/- 0.06 cm)

- secondary vertices, from decay of long lived particles, are deleted

- fake vertices, generated by vertexing reco algorithm, are deleted
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Efficiency of vertex reconstruction > T 4 i -
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Fit
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Extrapolation to the total inelastic cross section

Extrapolation of the cross sections measured at some kinematical limits to the total inelastic cross
sections can be made by model dependent method only.

Extrapolation factors are calculated using different MC models:
PYTHIA 6, PYTHIA 8, PHOJET, EPOS, SYBILL, QGSJET |, QGSJET Il

Pile-up counting method gives:

Uinel = 64.5 £ 0.2(stat.) = 1.1(syst.) = 2.6(lumi.) =+ 1.5(extr.) mb.

Event counting %uethod with single sided trigger gives:
Tinet(pp) = 68 = 2.0 (Syst) = 2.4 (Lum) = 4(Ext.) mb

/

= [ ]
S 1 Extrapolated cross sections is about 5%
- ‘ * 9ePI2 4 5rger than visible ones.
75 HOTEM ¢ FWD-11-001 A
- : ' ‘ ° PYTHIAG 1 All models show a similar trend for the
o © o PymAs 1 measured cross sections, but there are
n " 9 PHOJET 1 substantial differences in the absolute
BoE { X 8 ) © EPoS199 1 values for many models.
B * . . ]
60— t }* ’ : Measurements made by TOTEM shows
- ¢ }‘; « aesseTna | that invisible part of the inelastic events is
55— o }3 » sievie21 1 underestimated by a wide range of MC
= CMS Preliminary 1 models.
50 l : I >=3 traclks >=4ltracks l I 17
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Comparison with other measurements
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Tinel (€ > 5 x 107°) Tinel(>2 tracks) Tinel  \_
CMS present analysis ~ 60.2 £ 0.2(stat.) &= 1.1(syst.) 64.5 = 3.0(exp. ) £ 1.5(extrN
ATLAS 60.3 = 0.05(stat.) £ 0.5(syst.) 69.4 + 2.4(exp.) £ 6.9(extr.)
CMS pile-up counting 58.7 = 2.0(syst. ) 68 + 3(exp.) & 4({extr.)

oeL =73.27238 (model) +2.6(Iumi) mb
ALICE

Within the large uncertainties of extrapolation

and luminosity, we can say that CMS result is in

agreement with ATLAS, ALICE and TOTEM.

Giiel = 7351, mb
' TOTEM
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Comparison of the inelastic cross sections at Vs = 7 TeV with theory

“Visible” cross section, Extrapolated cross section,
6(£>5-10)(mb) 6(E>mp?/s)(mb)

CMS 60.2+2.6(exp.) CMS 64.513.2(exp.&extr.)
ATLAS 60.3+£2.1(exp.) ATLAS 69.1+7.3(exp.&extr.)
ALICE 62.1+2.4(exp.) ALICE 73.215.3(exp.&extr.)
PYTHIA 66.4 TOTEM 73.5x2.4(exp.)
Phojet 74.2 PYTHIA 715
Ryskin et al. 56.2 -51.8 Phojet 77.3
Within the large uncertainties of Petrov-Prokudin 70.3+2.1
measurements and extrapolations, Ryskin et al. 67.1- 65.2
results of all LHC experiments are in
agreement with models predicted Bourrely-Soffer-Wu 68.4x1.1
inelastic cross section at Vs = 7 TeV
from 60 to 75 mb. Gotsman et al. 68

Achilli et al. 60 - 75

Black Disc limit:  6;,,/6: = 0.5

LHC: Gy off Gy 0.7 o



Single and Double Diffractive cross sections at Vs = 7 TeV

A ‘__,"‘ cl |
1
Non-diffractive Single Double Central
events Diffraction Diffraction Diffraction
ND SD DD CD
\ Y ; \ v l
~35% of o total ~25% of o total
exponential suppression Exchange of color singlets:
of rapidity gaps Reggeons, Pomeron

Large Rapidity Gaps
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Forward instrumentation: CASTOR and BSC
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Events selection

- Low pile up 2010 data, 16.2 ubl, atVs =7 TeV

- Inclusive selection
online:
signal in both BPTX & activity in either of the BSC (Minimum Bias trigger)
offline:
at least 10 reconstructed tracks (with high quality at least 25%)
beam-halo events are rejected
events with noise in HCAL are rejected

- Diffractive selection
at least 2 particle candidates in the BSC acceptance (3.23<|n|<4.65)
Large Rapidity Gaps (LRG) tagging based on particle candidates in [n| < 4.7
SD and DD contributions separated with CASTOR tag

MC simulations

- Acceptance & background:
PYTHIA8-MBR (Minimum Bias Rockfeller model) with
Pomeron intercept a(0) = 1.08 and additional scaling of DD downwards by 15%

-Systematic uncertainties:
PYTHIA8-4C (Schuler & Sjostrand model from PYTHIAG) with SD and DD
scaling downwards by 10 and 12% 29



Experimental topologies

Non-diffractive inelastic events
N max aty/s=7TeV, |y| < In(y/s/my) = 8.92

ND I central,detector | ND

| CMS central part: |n|<4.7

-8.92 -4.7 4.7 8.92

SD1: LRG on the positive side

CMS Preliminary,Ns=7 TeV, L = 16. 2ub :
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ot B2 ¥ :
. £ ND ' 3
Selection: Mma< 1 : : -
10°F E
_ : | :
- SD1 dominated by SD and DD events 102 |
- only central part CMS, no forward detectors |
- low mass DD escapes detection 10 i
- used as control sample in the analysis 4 -2 0 2 4]]
max
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Experimental topologies

SD2

- CASTOR used to tag low mass DD at -6.6<n<-5.2

- used to measure SD and DD cross sections

I
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1
]max

Ecastmi

]
]min

1
]max

Selection: nm.> -1

- SD2 dominated by SD and DD events

with mass 3.2<M<12 GeV

as function of &

CMS Prehmmary\r 7 TeV L 16 2 ub

SD

DD

SD2: LRG on the negative side
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CMS PreliminaryNs=7 TeV, L= 18.2pb™
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Experimental topologies

DD: central LRG

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

v 1 1 L | 1 1
e i
[0} c ® Data
z 10 © 3 PYTHIAS-MBR:
”nmin ]Iﬂmax 5 : D SD1
o i 10 — CIo0
| ) | @& cD
10 S oo CJ ND
i
10° :
I L
. . I
- DD sample has a big fraction of 102 | =
DD events i Bl
10 |
- used to measure DD cross section - ; — 4'1 . é bt el; e
as function of An = -Ing AN’=n® -n®
max min
e M;‘( -M%/(‘s-m}%)' \

Selection: An° > 3
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SD and DD cross sections from SD2 sample

SD data X MC
do>” _ Nyocastor — (Npp + Nep + Nap) doePP  N@4&ror — (Nnp + Nsp + Nep)MC©

dlog,, ¢ acc - L - (Alogyo &)pin dlogi,Cx acc - L - (Alogyy&x)bin

CMS Preliminary,Ns =7 TeV, L= 162 ub™ ' CMS Preliminary,Ns =7 TeV, L= 16 2 ub™

——— I LI I | Gl B B | I LI ] | B G B I | 2 Bl B I F=1~1-0 I | I B P )
_Q -
14 CMS =]
‘E’ PYTHIA version: DD (pp — XY) 5
W12 — P8-MBR =0.08 VP —
o --- P8-MBR (default) =0.104 £ ==k .
o 3 — P8-4C ' ]
= ---P6 0.5<log (M /GeV)<1.1 1
S o8 L -
° 5
0.6 ' =
0.4 —
0.2 -

6 55 5 45 4 35 .3 25 2 6 '

log

SD cross sections integrated over -5.5 < logg < -2.5 (12.4 <Mx(GeV)< 393.6) and multiplying by 2
4.27 + 0.04(stat.) Ty & (syst.) mb

- MBR model presented for 2 values of the Pomeron intercept our(0) = 1.08 & 1.104
both values can describe well the SD cross section measurement
DD cross section is better described with a smaller intercept value

- Schuler & Sjostrand model implemented in PYTHIA8-4C and PYTHIAG
can describe the DD cross section

but can not describe the falling behavior of SD 26




DD cross sections from DD sample

CMS PreliminaryN's = 7 TeV, L = 16.2ub™ CMS PreliminaryN's =7 TeV, L= 16.2ub™

‘2 12000_1 e D o T O B | | L | T ] 30_7_||||| ......... L L B ]
o - * L ] - * CMS -
i 10000~ PHls'Ag{MBR: — é 0.6 LD (pp — %) PYTHIA version: =
- [ SD2 ] — [ M>10,M>10Gev  — P8-MBRe=0.08 ]
s e —— 2 1 <] 051 -~ P8-MBR (default) €=0.104]
L o S — P8-4C ]
C =0 ] 8\ 0AE- { ------- : - P6 -
6000 — 7] o) E l i ]
- . T 03F b -
4000— — E ________________ E
B ] O e ——— .
2000 . - | P =
E— ] o1 |  —g— -
O O U O e s ' Lo ] L 1 P | Lyvod
3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
0 An=-In

An()OIT n &

DD cross section integrated over

doPP N9 _ (Nyp + Nsp + Nep)MC An>3, Mx>10 GeV, My>10 GeV :

dAy acc - L - (AY) pin : . : |
B . +0.26
oo" =093+ 0.01(stat.) "3, (syst.) mb

PYTHIA8-MBR (with 2 intercepts), PYTHIA8-4C and PYTHIAG predictions are in
uncertainties of measured cross section
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do/dAnt [mb]

MC / Data

Forward Rapidity Gap .

CMS Preliminary, /5 = 7 TeV, L = 20.3 yb ™"

IIII|IIlI|Il\luléh!lslll-‘ll£6§ltl)lllll|llllll

—— MinBias, PYTHIA8-MBR (e = 0.08)
—— Diffractive
—_— Non-diffractive

102

L1 llllll

llllllI

.....
faay

b )

Y

- FRG — gap between the edge of the
detector (|n|=4.7) and the nearest particle

A?)F = Maz(4.7T — Nmin, 4.7 + Mmin)

- the same sample of inelastic events
- no separation of ND, SD, DD
- no LRG

at low Anq:
exponentially decreasing of ND
contribution is dominant

at high Aq:
- diffractive plateau at 1 mb/unit of frg

- slow increasing of diffractive cross
sections due to 0,(0) > 1

- high sensitivity to diffractive models:
PYTHIA8-MBR with soft Pomeron

0,(0) = 1.08 gives the best description
of data 28



Other measurements of diffraction at LHC

ALICE presented model-depending

ALICE results on the total SD and DD cross
sections at 3 LHC energies.
s (TeV) ogp (mb) opp (mb
\[( ) ol (+l 6) DD ) SD: Mx<200 GeV
0.9 11.27)¢ 56420  DD: Ay
+3.9
2.76 12'2—§.3 7.8+3.2 PYTHIAG6 with some tuning used to
'/ ]4_9+-’-tl 00+2.6 extract from data ratio of diffractive events
—5.9 to the inelastic ones
| _ DD at 7 TeV:
TOTEM opp={116:£25) ub First measurement of DD in so forward
O o region. It is around 3% of DD cross
4.7<|n|min<6.5 section.
SD at 7 TeV:
CMS

0P = 4.27 £ 0.04(stat.) 525 (syst.)mb

oPP = 0.93 +0.01(stat.) "D

L1
%

(syst.)mb

- integrated o at 12.4<Mx<393.6GeV
- do/d(logg) at -5.5 < log¢ < -2.5

DD at 7 TeV:
- integrated o over
An>3, Mx>10 GeV, My>10 GeV
- do/d(logé) at -5.5 < log¢ < -2.5 for
12.4<Mx<393.6 GeV, 3.2<My<12.6 GeV
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Summary

CMS measurements in pp collisions at Vs =7 TeV

Model independent inelastic cross section at £>5-10-°
60.2%2.6(exp.) mb

Model dependent (extrapolated) inelastic cross section at E>mp?/s
64.513.2(exp.&extr.) mb

Cross section of Single Diffraction at -5.5<logé< -2.5
4.27+0.65(exp.) mb

Cross section of Double Diffraction at An>3 & Mx>10 GeV & My>10 GeV
0.93%0.26(exp.) mb
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Conclusion

CMS (alongside other LHC Collaborations) gives a valuable

Information on inelastic and diffractive processes in new energy
regions.

Experimental results rule out some models while some survive.

Further measurements are mandatory. _ _
In particular of the differential cross-sections of diffractive

processes as function of missing masses and transferred
momenta.

Up to now we have no concrete predictions from QCD to verify the
latter in diffractive processes.
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