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® Exclusive Physics Process
® Exclusiveyy — WTW ™
® Soft Diffraction Cross Sections

® Measurement of the Inelastic Proton-Lead Cross Section

All Forward Physics Results at CMS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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® CMS experiment
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CMS Detector

Tracker
ECAL

HCAL

Muons
Solenoid coil

| Weight: 14.000 ton. | Diameter: 15 m | Length: 21,6 m | Magnetic Field: 4 Tesla |
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Exclusive Physics Process

o Exclusiveyy — WTW™
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‘*” Exclusive vy — WTW™ Production

* The measurements of the two-photon production of WWV pairs are sensitive to Anomalous Quartic Gauge

Couplings (AQGC).

* Previous exploratory studies (“exclusive” two-photon production of lepton pairs) indicated the potential for
extending the experimental research limit beyond LEP results.

e Existing sensitivity studies performed in the scenario of Forward Detectors upgrade for CMS
(Nucl.Phys.Proc.Suppl. 179-180 (2008) 257-264) and ATLAS (Phys. Rev. D81(2010) 074003);

4 W+ Y W+
Published in the Journal
of High Energy Physics
as JHEP07(2013)116.
I4 W~ Y W~

* These processes involve two triple coupling (TGC) vertices involving t-channel W boson exchange.

* Sensibility to TCG’s and QGC’s limited, given the LHC/LEP limits.
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e 2011 data collected corresponding to an integration
luminosity of 5.05 fb-! at 7 TeV (moderate: PU~10)

* Criteria of Exclusivity: no extra tracks associated to
electron-muon vertex

° VY — M+,Lt_events used as benchmark in efficiencies
studies and PU determination

e SM region selection: N(extra tracks) 0 and pT'(pe) > 30 GeV

‘*” Exclusive vy — W™W~ Production

CMS PAS FSQ 12 Ol()

e vy — WTW ~search region: N(extra tracks) 0 and pT'(ue) > 100 GeV

I4 W+ I4 W+

I4 W~ I4 W~

. + - .
Exclusive 7Y — i 4 Production
CMS FWD-10-005, J. High Energy Phys.01 (2012) 052

Exclusive 7y — e"
CMS FWD-11-004, J. High Energy Phys.11 (2012) 080

€ Production

See backup slides! 7

pT(pe) > 30 GeV

CMS,{s=7TeV,L=5.05fb"

ﬂ120I"'I"'I"'I"'I"'l"'l"'l
qc) i e Data -DreII-Yant*t' i
Li1 00 — Inclusive W'W - Diffractive W'W ]
: -tf —— Wijets :
80__ —— Elasticyy > vt = Inelastic yy - v ]
i —_ 7 = W'W (SM) :
601 .

a0k N(extra tracks)=0

20
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Extra tracks multiplicity
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CMS, Vs=7TeV, L=5.05fb" _ 505 5"
%) 25_| o | L | L I L I L | r I_ > 10:I 1T I T T 1771 I T I?'\IASI,IVEI I7I-I-Ie\I/,ILI ls?slf?l l:
0] - e Data B Drell-Yan 't ] 8 9 f_ e Data B Drell-Yan ot _f
Sll 20 - ~ Inclusive W'W B Diffractive Ww ] @) 8 E_ — Inclusive W'W 55 Diffractive W'W _E
4\@ - - i —— W+jets i % B - i — W+jets ]
GC) : —— Elasticyy - 't = Inelastic yy —» t*T : "E 7 ;— — Elasticyy » vt = Inelastic yy - t*1° —; Publlshed In the
A A 4 2 e —wowwem 3| Journal of High
- . L 55_ 3| Energy Physics as
Job : - N(extra tracks)=0 : JHEPO07(2013)116.
- N(extra tracks)=1-6 | 1 45_ E
i ) 3E E
S5 ] oF prenenememosomoeee T
_ il - : 2 events observed ; ]
L - 1 @ " mmmmsssssse- ! ]
% 50 100 150 200 250 300 05 00 150 200 =~ 250 300
m(ey) [GeV] m(ep) [GeV]

| Final Signal: 2.2 + 0.5 ;Background: 0.84 + 0.13 |

The observed upper limits, estimated using 95% CL R """""""""""" :
for SM signal region, are: : SM prediction (3.8 &= 0.9) fb :

- Significance:1.10

. . . N 431 . Contributions from proton dissociation
o (Pp — pHIWHIW ) — p)pEeTp) ) = 2'1—1.9 fh (CSx BR): (inelastic) in two-photon production
. g 7 are included.
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B ® Data - Drell-Yant*t ]
25~ ; Inclusive W'W 88 Diffractive W'W - AQ G C wou I d increase
B ff —— Whijets ] . . . .
20'_ —— Elasticyy - 't = Inelastic yy - 't ] ylelds a-t hlgh PT(PaIr) a-nd TWO Ol"deI"S Of magnltUde
- wmwwen 1 [No extra event found. improvements over LEP reach.
{0 T WW 05 = 210", -5 = 0,A,,,=500GeV)
g— 7y > WW (?\._Z =-2*10", i—‘v’: = -810%, A =500GeV)
S ] CMS, Vs =7 TeV, L = 5.05 fb"
10 - i ] — 0002 T 1 [ 2 L B ! | — ; I | —
N(extra tracks)=0 ) <}1> i i
% 50 100 150 200 250 300 L 0.001- —
p_(en) [GeV] < ! -
CMS, Vs =7 TeV, L =5.05 fb" <0 - _
25 I | T | LI | 1T | LI | T I LI I L) I | m | _
i e Data B Drell-Yan o ] . a
20f- g S e l Published in the Journal P -
. —— Elasticyy » 1"t —— Inelastic yy — 't ] Of ngh Energy PhySICS - —
15__ — vy > W'W (SM) 1y as JHEPO7(2013)116. - .
i ey 5 WW (i—g: = 2*10"*, i—% =0, A,,,=500GeV) 0.001 B Standard Model 7
C i v W . - -0. - e Standard Mode —
10 L V1o WW (= -27107, 25 = 87107, Agr=500GeV) - CMS 95% confidence region .
: T(ue) > 100 GeV : © (cuon =500 GeV) 1
- ('u ) N i - CMS 1-D limit, 95% confidence region .
L \\ — n -
5r A i (Agyrofs = 500 GeV) |
e p E \ N | _0-002 1 1 1 1 1 1 1 1 | | 1 | | ] |
S P - s 1 -0.0005 0 0.0005
05 2 46 8 10 12 14 agV/A2 [GeV'Q]

Extra tracks multiplicity
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® Soft Diffraction Cross Sections
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vERs & Soft Diffraction Cross Sections

- PYTHIA84C. diffraction with Schuler&Sjostrand model from PYTHIA6 (Tune 4C is additional scaling of SD and DD)
-PYTHIA8-MBR: diffraction with Minimum Bias Rockefeller model(http/indico.cern.ch/conferenceOtherViews.pyview=standard&confld=184925)

doPP _ Ndam _ (NND +NSD+ NCD)MC

CMS-PAS-FSO-12-005
¢ First measurement of the inclusive diffractive cross section

* Using Large Rapidity Gap (LRG) signatures
e SD and DD separated with CASTOR (—6.6 < |n| < —5.2).

* Analysis based on 2010 data with Low PU
* Minimum Bias Trigger (hit in either BSCs)
* Based on Particle Flow (PF) objects (tracking + calorimetry)
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V18

oPP = 0.93 + 0.01(stat.) )39 (syst.) €

V1S

(12 < Mx < 394GeV)

A’? >3, Mx > 10GeV, My > 10 GeV

AR R e e e RABRRRERLS
14 o cms , -]
F PYTHIA version: DD (pp — XY) .
1.2 — P8-MBR &=0.08 M -
- - - P8-MBR (default) e=0.104 ‘_T
1= — Ps4cC h -]
-- P8 0.5<log_(M /GeV)<1.1 ]
0.8_— Lo -
0.6F
0.4
0.2F
6



http://indico.cern.ch/conferenceOtherViews.pyview=standard&confId=184925
http://indico.cern.ch/conferenceOtherViews.pyview=standard&confId=184925

& ?#,%,1 CMS-PAS-FSQ-12-005
% vERs § Soft Diffraction Cross Sections

2
&stapo O

Rapidity gap cross section

CMS Preliminary, /s =7 TeV, L = 20.3 ub~ 1 CMS Preliminary, \/g =7TeV,L =203 F‘b_l
—_ 5 e s )t e e e e e ) HH[””M”W”” ””[H”M
E fo2 | | de=oMsL-203m ! ] £ fo2 —e= CMS, L=203 b .
» g —— MinBias, PYTHIAS-MBR (e = 0.08)~ h = —— MinBias, PYTHIA8-MBR (e = 0. 104#
5 - —— Diffractive * % B —— Diffractive ]
Z i —— Non-diffractive ] ~ —— Non-diffractive
5 fo! — ] 5 o’ ) : ) —
S E w0 Single Diffractive 3 S | E ksm Single Diffractive E
Eri LR Double Diffractive 4 — e e Double Diffractive a
- - Central Diffractive f . Central Diffractive
1 = 1 =
1070 == Ml = 1071 = T e —
1'6 ;%I 1 ‘ T 11 ‘ T 11 ‘ 11T 11T ‘ T 1T ‘ T 11 ‘ 11T ‘ %;
1.4 & —
8 1.2 — o
[ 1 = -g
E 0.8 E
L 0.6 )
= 04 =
0.2
o l T s = N PP “'“r"Jr'r'r"r"'r"*'r'r"r"r { gt }_L ST DR 1“'I"+'r“r"r"'r“*'r-r"r-“t"l-*:
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Aﬂ Anl—

* Inclusive differential xsection for events with a largest forward rapidity gap

e Data has to be corrected for background of circulating beams and for bin migration and fake/miss events with
the Bayesian unfolding method

* Unfolded and fully corrected differential cross section of the forward rapidity gap size

* Total systematic uncertainty is 20 % (shown with a green band)
* Good description using PYTHIA8-MBR
12



Soft Diffraction Cross Sections

CMS-PAS-FSQ-12-005

Comparison between CMS and ATLAS results

do/dAnF [mb]

ATLAS / CMS

e Hadron level definition in each measurement;: CMS and ATLAS

=
o
N

=
o
=

CMS Preliminary, /s = 7 TeV, L = 20.3 ub~*

T T | [ | T T | [ | [ | T T | [ | T T | I
- =e= CMS,L=203pub ' || < 4.7
- —e— ATLAS,L=7.1pb"|y| < 4.97
:I | 1 | | I I | I | I I | I I | I | I I | I | I:
EI [ | L | T T | L | L | T T | L | T T | IE
EI [ L 111 I | L 111 | L 111 | I | L 111 | I | IE
0 1 2 3 4 5 6 7 8

* The CMS results has a good agreement with ATLAS studies

|3

+0.4 units of
gap size
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® Measurement of the Inelastic Proton-Lead Cross Section
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Inelastic Proton-Lead Cross Section

UERJ S CMS FSQ-13-006

Ultra-peripheral proton-nucleus interactions

Measurement of the hadronic Inelastic xsec. by an event counting method
Photo-nuclear collisions are excluded from measurement
e Equivalent-photon approximation handled by Starlight generator

combined with DPMJET or PYTHIA

*Phys. Rev. C 81, 025204

Measurement of Inelastic proton-lead cross section and comparison with
model predictions: Glauber approach* (implemented on MC generator

HIJING) or Gribov-Regge framework (EPOS-LHC, QGSJETII-04)

p-Air inelastic xsection with Pierre Auger
Observatory @57TeV - Glauber model extended
by inelastic screening to calculate pp xsection and

large uncertainties
Phys. Rev. Lett. 109, 062002

Toty . &, A S S
@ Nelag,; S | < Tacks J "acks
c

4 pp Inelastic Cross Section @ 7 TeV A r SOUentom. energy &, T
. T N |4 LRLLLLY LRI
measured by several LHC experiments. et T
E E /‘? Siohan et al. 1978 [31] LHC -
S‘ — T T T T T T T T T ] :: 600 : :;m::;w 2 ‘,-“
g 9r ® CMS-HFbased () PYTHIAS . Iof o —
3 C M CMS-Vixbased 4 PYTHIA8+MBR ] § SO- | evesmw e
s 0F v ATLAS \ PHOJET B S b . Aasamwpn
- ] 8 C —.—Thnswo'k .(‘“../"' -- - QGSJstdlc
N * TOTEM EPOS 1.99 n @ r (E = QGSJetl3
851~ + ALICE * QGSJET 01 . 8 WQM e Presented on
E O PYTHIA 6 0 QGSJET II-03 E 200 ;11‘ I“““IIZI ‘““"||3| “I"“Il“ ‘““"lisl I““""G‘ ll“mll'lI ‘”“"I1!| “""‘IID‘ Sy PAN Iczo I 4
80 v © QGSJETI-04 — 10710 0T 0t e e O 1 19" 19" parallel talk on
C 0 v  SIBYLL2.1 . T — Tuesday
75 X ] -m- CMS 2011 /(, .l{,f“
n w v N = =¥~ ALICE 2011 / ‘i‘
- @ , 7 E —A- TOTEM 2011
70— i ¢ * —] N - UAS
- ‘ . é —&— CDF/E710
- / 0 - : - This work (Glauber) / ?;
65— Q = —  Phys. Lett. B, 722 (2013) g ---- QGSJeto
C ; o ] [ - QGSJetll.3
= X - T — — Sibyll2.1
601 H* +f - ? E + 0.2(stat.) "k — 352'315
- A X ] TULstat.) §{pyp ¢ . Phojet .
55 :_ +2 . _: Oinel(§>5%x10-6) = 60.2 £ 1.1(syst.) mb -1-:)3 1-(;‘ s .1.:]5
- CMS pp\FS =7 TeV ] + 2.4(lum.) s [GeVl
>0 il = [92 + 7(stat)*?, (syst) + 7(Glauber)] mb.
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Determination of inelastic xsec counting the
number of inelastic events by luminosity:

N, inel

Inelastic Proton-Lead Cross Section

pPb Cross Section Analysis

Event Topology

lllustration of a single-diffractive event where the
proton disintegrates and three particles (dashed

lines) are within the acceptance of the HF
calorimeter. The particle with the highest energy
(dotted line) determines Enr.

Tinel = T

To extract visible xsec, corrections were applied for:

= Detector noise
= Pileup contribution

_ l Ncut - Nnoise
L 1/fI:'U _fnoise

= Electromagnetic events
l Ncut — Nnoise — Nem
1/ fPU — f noise

Ovis,had =

L
Xsection extrapolated to the full phase
space

vis

1.6TeV

4TeV

Event Selection

% ZeroBias Data (trigger on beam presence only)
% Highest signal for a tower in the HF calorimeters EHF

* single-arm/without coincidence (of eta+ and eta- side)

¢ double-arm with coincidence

— :IIIII T T IIIIII| T T IIIIIII T T l: — _IITII T T T TTTT T T IIIIIII T T l:
8 T e Data CMS Preliminary - -8 - © Data CMS Preliminary
(@] = — —
@ 10g °HJNG 1.363 DPb, [5,=5.02 TeV' 3 o 10g° EPOSLHS PPb, 5,=5.02 TeV 3
© - ¢ QGSJetll-04 single-arm selection © - = QGSJetll-04 double-arm selection
e 15 v-P (STARLIGHT+DPMJET/PYTHIA) = e 1  y-p (STARLIGHT+DPMJET/PYTHIA) -
5 £ Noise ] 5 E  Noise 3
-1 ) 4T i,
S 107 AN z 1 S 107N E
n Co® ° : ] 7)) = . 3
L _2 [ E — ) L [ -
& 10 5’. "\ s 3 S 10% % E
— H - = Y |
G>J 3 - H 7 > C ° E
1 O §_ GJ 1 0'3 E_ ° Sl * ?:
40 : o ]
10 éﬁﬁeﬁ 104 € : > -
__.:,_ I = q : gl 3
10—5 L sf E B 3]
2 107 F ; E
E P : - ; E
'6 1 &I I 1 1 Lol | 1 1 111111 I 1 —~ : . -

10 2 10'6 IIIII 1 1 lllllll 1 1 IIlIIII 1 1 1

1 10 10 5
E.r[GeV] 1 10 10

E.r [GeV]




. Inelastic Proton-Lead Cross Section
% UERJ o' CMS-FSQ-13-006  MC Diffractive Events
7 smapo © = T L B L R = R R L) B L LS LR
3 105 [sD1 (Underflow: 0.6x10°)  CMS Simulation 8 10 [lsD1 (Underfiow: 6.6x10%) ~ CMS Simulatiorrs
% - [llsD2 (Underfiow: 0.6x10°%) PPP: ‘/i:sc'JOSZLTHeXf B2 = llsD2 (Underfiow: 5.4x10?) PPP: 18,=5.02TeV 3
g 1? .DD (Underflow: 0.5x107) single-arm selection_§ g 12_ .DD (Underfiow: 7.0x10°) double-arIrEnP;i:c;:o?\_E
o - CD (Underflow: 0) ] o E | CD (Underflow: 1.2x10°) ]
% 10"y~ ND(Underflow:0) = £ {0k | ND (Underflow: 3.1x10%) i
2 F i oles @ : :
o ol SEieEarm 7 - X double-arm -
> 10 g E o 10—2:_ —
o - 5 E -
107 E 10° 3
_4 ; :
10 : 10" E
| 7
e
e [GeV] E.- [GeV] | Visible hadronic
Single-diffractive where the lead ion (SDI) or the proton (SD2) dissociates, (SD/DD)
double-diffractive (DD), central-diffractive (CD), and non-diffractive (ND) events
Ratio Ratio
- (4) (o) (4) (Y 0,
Model Selection SD[%] DD[%] CD[%] ND]|[%] X [%] (MC) (Data)
No selection 4.5 4.5 1.1 90.0 100 -
EPOS-LHC Single-arm 1.7 24 0.7 88.9 93.7 0969 | 0.966
Double-arm 1.1 1.8 0.5 87.3 90.8

= EPOS-LHC xsec(diffractive) |.12 to match ratio in data

= QGSJETII-04 is very similar but less for DD (1.15 xsec(diffractive) needed to get ratio seen in data)

= HIJING does not have diffraction for pA included
|7
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Inelastic Proton-Lead Cross Section

DY o,
(S
%
-
~
_I.L-I~l~ T T

RELE e

09~ Hijing 1.383
0.88f — EPOS-LHC
0.86 —- QGSuJetll-04

Illllllllllll_

O-84';_CMS Preliminary Single-arm _;
0.82 :_pr, \'s,,=5.02 TeV ]
- single-arm selection :
Covv b b b b b by o 10T
0.8 2 4 6 8 10 12 14
E,.r[GeV]
10%e S R I I
10 single-arm

1 0-2 ;_— Noise

; CMS Preliminary

1 0-4 L pPb, \s,=5.02 TeV
E single-arm selection
C 1 | 1 |

- —— y-p (STARLIGHT+DPMJet)
1073 — - v-p (STARLIGHT+Pythia) .

| |

b b L
2 4 6

v by by 1T
8 10 12 14
E, - [GeV]
Single-arm:
Double-arm:

> 1:—'_ ||||||||||||||| ‘ llllllll | TTTT | TTTT I TTTT | TT |_':
O - CMS Preliminary -
GCJ 0.98F pPb, |5,25.02 TeV]
O 0.96 e .. double-arm selection
£ ~-.._ double-arm -
© 0.94- P .
0.92- =
0.9 .
0.88F :
0.86¢ ---- Hijing 1.383 E
0.841 — EPOS-LHC E
0.821- — - QGSJetll-04 E
0.8 llll I I I L1l l 111l l L1l | 1111 l i l I I L1l | 11 n
123 45 6 7 89
E,.r [GeV]
| e | 1 2 Ei ||||||||||||||||||||||| I TTTT | TTTT | TTTT I TTT E
2 0 = CMS Preliminary ]
~ - PPb, |s,,=5.02 TeV |
zZ 1 O g double-arm selection%

Noise 7
v-p (STARLIGHT+DPMJet)3
— — y-p (STARLIGHT+Pythia) §

double-arm ‘

102mb (Noise),

9mb (Noise),

Corrections

= Selection efficiency for diffractive and non-
diffractive events worse for double-arm
selection

= Visible cross section for noise events and
photo-nuclear events passing the selection

0.3mb (EM), 1.8% (Pileup)




Inelastic Proton-Lead Cross Section
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7 Q
£sTap0 ©
— 2./ T l I T -
Q. - CMS Preliminary -
2 B ® CMS | .
© <Ot pPb, |s,=5.02 TeV -
- A EPOS-LHC -
2.5 -
C | + QGSJetll-04 -
2.4 B
2 3 _ single-arm double-arm —:
22 , . :
215 4 ; + E
- + : N
2 + e
1.90 + o >
17 - |/7 1 NP | e
a b - o/ b :
/neg;‘ilf?/c (i 5,1,; S/i . )V/s/b/e /ne/a’on/c (i EMI s/ebt )V/s/b/e
Selection Ovis (b)  Ovishad (B)  Cinel (b)

Eyr > 8 GeV (single-arm)
Eyr > 4 GeV (double-arm)

2.003 1.938 2.063
1.873 1.873 2.059

19

=Visible xsection and visible
(EM subtracted) xsec. are
different because they have influence
of EM contribution and acceptance

=wExtrapolated hadronic
inelastic xsec. are 4mb




Corrections

‘éo UERJ 5 CMS-FSQ-13-006
? estano ©
— 2./ i | I I
0 - - .
—_ 5 6:— ® CMS CMS Prellmmary_:
© <Ot pPb, |s,=5.02 TeV -
- A EPOS-LHC 7
2.5 -
- | # QGSJetll-04 -
2.4} -
o gF  single-arm double-arm -
2.20 & - E
2.1 " =
- + .
2 + + + E
1.91 + I
1.8F =
1 7 N |/7 IV_ ' | I I - | .
’ . adl‘o . ls/b/e Viaj .hadl‘o . I/Islble Vias
/ne,astgc (Eny Sub,,.) Sibje /ne,astl';/c (Eng SUb[,:) Sibja
Selection Ovis (b) Ovis,had (b)  CTinel (b)
Eur > 8 GeV (single-arm)  2.003 1.938 2.063
Eyr > 4 GeV (double-arm) 1.873 1.873 2.059

20

Inelastic Proton-Lead Cross Section

= Visible xsection and visible

(EM

subtracted) xsec. are

different because they have influence
of EM contribution and acceptance

=wExtrapolated hadronic

inelastic xsec. are 4mb

Tinel = (2.061 £ 0.003(stat.) 4+ 0.039(syst.) + 0.072(lumi.)) b

asvea

Source of uncertainty

Single-arm Double-arm

[Cuminosity measurement = 35% = 35% |
Pileup uncertainty <0.1% <0.1%
Extrapolation o- g Model difference 0.5% 1.6%

P vishad 7 Cinel —ootimised ogore 1.5% 2.0%
Photo-nuclear correction 0.2% <0.1%
Modelling uncertainty 1.7% 0.8%
Event selection 0.6% 0.2%
Noise subtraction 1.2% 0.2%
Total without o, 2.7% 2.7%
Total with o 4.4% 4.4%
Both selections combined 4.0%




Sa®% |nelastic Proton-Lead Cross Section
%2 UERJ $ CMS-FSQ-13-006 Corrections
% o’
£s1A00 ©
2. 6 LR I 1 1 LA I | | L [ I | LI ‘ - . ] ] )
- ® CMS CMS Preliminary A prediction of the Glauber theory is compatible with
- M HEP oPb collisions I result of t.hese studlgs | |
A FNAL * screening corrections and anti-screening effects are same
2.4 Vv Avakian et al. . magnitude but opposite in sign
| — (COMPETE+TOTEM)+Glauber | = QGSJetll-04 (based on Gribov-Glauber approach) slightly
| -- EPOS-LHC | above uncertainty of data
- ----QGSJetll-04 ] = EPOS-LHC (enhanced with energy sharing of nucleons
- . gy g
2.2 compatible with data

Tinel = (2.061 £ 0.003(stat.) 4+ 0.039(syst.) + 0.072(lumi.)) b

Source of uncertainty Single-arm  Double-arm
[Cuminosity measurement 3.5% 35% |
Pileup uncertainty <0.1% <0.1%
Extrapolation o e Model difference 0.5% 1.6%
B g is,had inel — o o
L] Lol Lol L1111 e " optimised oy;¢ 1.5% 2.0%
5 3 Photo-nuclear correction 0.2% <0.1%
10 10 10 Modelling uncertainty 1.7% 0.8%
Event selection 0.6% 0.2%
SN N [GeV] Noise subtraction 1.2% 0.2%
Total without o, 2.7% 2.7%
Total with o 4.4% 4.4%
Both selections combined 4.0%
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UERJ Summary

* Measurement of the exclusive two-photon production of WW pairs in pp
collisions at 7 TeV, based on samples of events collected during 201 | physics runs.

* Provide unique sensitivity to anomalous quartic couplings of the gauge bosons
(AQCG). Extending the experimental reach by several orders of magnitude with
respect to the best limits so far obtained at LEP.

* Inclusive SD and DD diffractive cross section measured at 7TeV. MC prediction
are in agreements with data using several theoretical models.

e The differential cross section has been measured and as a function of the
variable (¢) that approximates the momentum loss of protons in diffractive

events.

* Hadronic inelastic cross section measured with the CMS experiment in pPb
collisions at 5.02 TeV
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CMS Detector

ECAL || < 3.0
HCAL || < 5.0

Muons|n| < 2.4

Solenoid coil

| Weight: 14.000 ton. | Diameter: 15 m | Length: 21,6 m | Magnetic Field: 4 Tesla |




Forward detectors
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Figure 45: Event displays of the two events passing all selection criteria with pr(u*e¥) > 30 GeV.
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Exclusive production: YY 2 U U /e*e

CMS FWD-10-005
J. High Energy Phys. 01 (2012) 052
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Exclusive two-photon events: 2 muons/electrons and
nothing else

Main background to pure QED process from single and
double proton dissociation processes, where the
proton fragments in a low mass state

Standard candle for exclusive processes at the LHC
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CMS FWD-10-005
J. High Energy Phys. 01 (2012) 052

Exclusive YY— UTU- production

S
Measurement restricted to well ——

>
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controlled kinematic region (pt(H) > 4 - S L ) -
lo — ] ata -
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. . - a .
primary vertex with exactly 2 muons , e Lﬁ 307, —ic = 0.8375 15 (stat.) & 0-04(syst')i
and no other track within 2 mm _ [ pr(p) > 4 GeV;|n| < 2.1 i
) ) ) ' TS [ m(pp) > 11.5 GeV ]
Signal extracted with a binned R S 201 E
maximum likelihood fit to the pt(H}) , _— : i
distribution T 10 N
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(?g 45 ' 'cms,\]'§= 7 're\'/, L =40 pb*] LLL[ i -
w0 40F * data E éi“\ . 0
A i — . P
% 35F gggmssg;ahvewp : —7 = 0O 05 1 15 2 25 3 3. 5
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o5 . E ‘ o (p+ pup + p) = 3.38702%(stat.) + 0.16(syst.) + 0.14(lum.)pb
ook Highest mass E HH —0.55 : : : : :
I event at ~77 GeV E Largest systematics from track veto efficiency (data driven - pile-up
. 3 sensitive)
: E Good agreement between data and LPAIR MC (signal and proton
of T I T dissociation)
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Soft Diffraction Cross Sections

Experimental Topologies of Diffractive Events

CMS-PAS-FSQ-12-005

*The topologies can be defined based on the position of

the LRG in the central detector

*Forward gap is defined in terms of the highest or
lowest pseudorapidity of PF object in the central

detector for single dissociative events

*Double dissociative events: central gap is defined in
terms of the closest-to-zero N of PF object on the

positive or negative N-side of the central detector

CASTOR
‘_

elastic proton
or low-mass
dissociated system?

HF

dissociated
system
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central detector true
level a) N i M nax level
ND | centraldetector | ND
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: + . c min max
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SD|-type events will be treated in a control
sample, while SD2-type events will be
used to estimate the diffraction xsection




