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2! The setting:CMS@LHC oA

= High energy and high luminosity

Allows high statistics precision
measurements, and sensitivity to “rare”
processes (hard diffraction, exclusive
production)

But high luminosity comes with high
“pileup” —average 2-8in 2010/2011, 21in
2012

Low pileup needed for some analysis

» Good detector coverage

(3.0 <n| <5.0)

140m

(52<n| <6.6)

| Trackingto n| < 2.4

- — - . Hadronic calorimeter (HF)
(n]>8.1) e ‘ TR (-8 to|n|<s

Hadron Forward:

phah Forward calorimeters
=S ema iy « @11.2m from

interaction point

(3 <n| <5) CASTOR: (COVEI’ -6.6< N<-5.2
« Steel absorbers/ .
; eel absorbers) . ggb:s;rt:eg!gijanz plates (CASTO R) and |n| > 8.1

‘e 1 +short fibers) "+ 16 segments in @ (EM/HAD)
1 r-ii] segments in z (no n segmentation) (Z DC)

lves 09/09/2014 2



Overview

= Studying the exclusive production at CMS

= Standard candle yy—=1u
= WW

= Measurement of diffraction dissociation
= SD
= DD
= Many otherinteresting results not covered here
» https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ

Studying the exclusive
production



CMS-PAS-FWD-10-005i{'

JHEP 01 (2012) 052 RRIF

= EXxclusive production pp—>puup
Well known QED like “Standard Candle”

= Largest “background” from yy— . with proton dissociation
pp—puuY, or pp— XuuY with proton remnants undetected
Can be used to control background for other exclusive searches
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M Measurement of yy—-uu
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Measure in two kinematic regions
Elastic
|Ap(2+2-)| < 1.0 GeV (momentum balance)
1—-|AP(L+2-)/m| < 0.1 (back to back leptons)
Inelastic -> opposite requirements

CMS, \s=7TeV,L=524 " CMS, 15=7TeV, L=5241"
| 1 T T T T T T T T T T ¥
i 2 region

—
I
]
T T
€
-«
- ]
l

..|]I.I|LI.| I EERITE J.II]]LI. 11

—
L
=

Events
Events /5 GeV

—
—
i

250 300 50 250 300

m{up) [GeV] miup) [GeV]

Gilvan A. Alves 09/09/2014 6



M Inelastic yy—-uu

- Deficit seen mostly in inelastic region due to I':h'_'-.;:;i::rrl Data Simulation IZ!.-ﬂ.te'u.._,.-"'i‘.':ii?uula..t.ir%n
rescattering effects not modeled by LPAIR clastic =20 0.91 £0.03

—> A correction factor is estimated for high mass
dimuons

V= 160 GeV

INELASTIC REGION cCMS, {s=7TeV,L=5.241b"

M) > 20 GeVwith Z region removed - This factor can be applied to the predicted
—a— Data

B LPAIR 1y (double-dissociation] cross section for yy—»W+W-
[ LPAIR yy—p ' [single-diss )

[ LPAIR yy—p*w (slastic)

[ Inclusive ww

B Crell-van 1

I Crell-Yan u'n
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> Exclusive 7/}/»WW i

JHEP 07 (2013) 116  {RIF

‘_\

= Triple and quartic coupling in SM
Any deviation can signal new physics

= BSM contributions via effective Lagrangian

f_ H‘,l AT+ Ar—| Lj: I.I v
3 A2 h w BT WTEWS 16 cosZ O A2 I— Y S AV
_L H‘

+aypar— AT AT Ty ¢’ '?;-_ s
16 A2 M fw Wy —W W) 16 cos? Oy \“F*”P 22,

AQGC' parameters A: scale for New Physics

= Form factors introduced to preserve unitarity
Wyy: yy center of mass energy

Ncuort. €nergy cutoff scale (Acuot — < = no form factor)
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% Event selection yy—»WW 2

= Elastic and proton-dissociative contributions
pp —> p WWp
pp — p(*) W*W- p(*)
= Unlike-flavor dilepton decay channel: yy -W*W~- —u e, vv

Avoid large backgrounds
= Data sample —5.05fb1 @ 7 TeV

Signal pt(u e, ) >30 GeV - avoid t*t
AQGC Searches p(u e)>100 GeV

CalcHEP+Pythia -- CMS Simulation 2011, 1s=7 TeV
% = GO0 G\ E = 3.5 T\, p=2.0




% SM signal yy—->WW

Selection step Signal € x A Events in data

Trigger and preselection 28.5% o086
m(p~et) = 20 GeV 28.0% 8200
MMuon ID and Electron I 22.6% 1222
ntet vertex with 0 extra tracks 13.7% 6
pripte™) = 30 GeV 10.6% 2
| CMS Vs=7 TeV, L=5.05" CMS, Vs=7TeV. L=5051
-~ 8 T o 8y AR LA B8 RRARY
& 7 * [l B orelkvan oo % ? * Data B Drell-van 1
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l'::___ 6 - - i — Wajets g 6 _ . i — Wijets -
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é 5 =y — WW (SM) 5 — = WW {SM) .
g . 4
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2 P
11 % 3 I I t _
1 ] =| ! [ —
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m(eu) [GeV] 1 - 1A olew)/nl

alpp = p"(yy = WW ) | x BRIW* = u'v, e'v)= 225 (stat) fb

= |Includes dissociation correction from yy—uu
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CMS,Vs=7TeV, L=

L2
o

5.05 fb

- Drell-Yant't

— = Inclusive W'W B8 Diffractive W'W
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no form factor E +43x10*  +4.0x 10
Acuto = 500 GeV +25x107  £1.5x 10
no form factor 7 +15x10 +£1.5x 10
Acutott = 500 GeV +9.2x 107 +£5.0x 10~
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Diffractive Dissociation @
7 TeV

CMS PAS FSQ 12-005



| Measurement of diffractive dissociation ¥

CMS PAS FSQ 12-005 HRIE
= Data sample — 16.5 ub-* low pileup (u=0.14) @ 7 TeV

Minimum bias trigger

Hit in both BPTX and either BSC

= Offline selection

Large Rapidity Gap (LRG) tagging

At least 2 PF objects in BSC acceptance

No vertex requirement (low mass)

= MC simulation
PYTHIA8-MBR — Minimum Bias Rockefeller model
PYTHIA8-4C — for systematic studies
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| Detector Llevel distributions EX

/=

= Proton fractional momentum loss & = M?x/s
M?2x — Mass of the dissociated system

= At detector level it is reconstructed as & = X E! - pi/\s
Sum over all PF objects
¢ corrected (MC) for undetected patrticles (low E, low n)

Castor tag selects low mass

CASTOR systems Mx ~ 3.2 GeV

elastic proton f Separate SD & DD

or low-mass
dissociated system?

09/09/2014 16



Measurements: SD cross section

g

.

S Tdata f ™T T T YMC
do*? _ NugCasror — (Nop + Nep + Nup)™ IEEePERuiIy

/bin

d lﬂﬁl':-f' S B acc - L - (A ]Dg'll_'l ¢

 SD falling behaviour well modeled by
PYTHIA8-MBR

* PYTHIA8-4C and PYTHIA 6 do not follow

the data trend

— P8-MBR ==0.08

---- P8-MBR (default) ==0.104 . Integrating over -5.5 < Iog& <-25 (X 2)
G,i>P = 4.27 £+ 0.04 (stat) + %65, .5 (syst) mb

Vis

» Systematic dominated by energy scale and
background subtraction
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@ Measurements :

DD cross section
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Measurements: LRG cross section

g

= Difficult to measure the whole Mx = measure size of LRG
Inclusive — measure the largest forward gap Ang = max(4.7-Nmax 47+ Nmin)

largest gap between each edge of the detector and the position in n of the first particle
moving away from the edge

CMS Preliminary, /s = 7 TeV, L= 203 ub" Larger data Sample
Negligible pileup

2

—a— Uncorrected Data

—— PYTHIAB-MBAR (= = 0.104) . . .
oY THIAB-MER (e = 0.06) Uncorrected distribution

PYTHIAR 45

PYTHIAG Zastar Has to be corrected by detector
resolution and beam backgrounds

do(Ayt)  A(Ay"P) N(Ay') — Nec(Agh)

dAgF  Anpin e(AgF) x L
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Measurements: LRG cross section

7TeV, L

7 TeV, L = 203 pb ™
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ATLAS ) C

Measurements: LRG cross section

5

CMS Preliminary, /5 =7 TeV, L = 20.3 ub ™!

o . Comparison with ATLAS
== (MS, L=203pub"

—s— ATLAS, L=7.1 b !

* Different hadron level definition:
In| < 4.7 (CMS) vs |n| < 4.9 (ATLAS)
- up to 5% effect

» Unfolding based on different MCs:
PYTHIA8-MBR (CMS) vs PYTHIAS
(ATLAS)

- up to 10% effect

- Agreement within uncertainties

CMS result extends ATLAS measurement by 0.4 unit of gap size
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Conclusions £

= (CMS measured exclusive and diffractive processes at the LHC

= Exclusive processes

Standard candle yy—wyu used to correct for proton dissociation
Search for yy—>WW - two potential candidates = agreement with SM

(pp—>p JWH W p %p”;i TFpl* )_ —,ﬁfh

AQGC limits two orders of magnitude more stringent than LEP and Tevatron

= Diffractive cross sections measured at 7 TeV
o, =427+004(star 4+ 0.65/-0.58(syst) mb for -B5+<logf<«-25

o =093+ 001(star 1 0.26/-022(syst) mb for An> 3, My > 10 GeV, M, > 10 GeV

Good agreement with ATLAS on LRG cross section

= More results coming soon
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éLuminosity and Pile-up ;rﬁ

* The integrated luminosity (L) is based on the Van der
Meer scans

= The uncertainty of the luminosity is 4%: dominates the
systematic uncertainties of this analysis

= Number of collisions per bunch crossing follows Poisson
- Average A (pile-up)

priep 27 ( E‘lIl{:‘l ):J (IT, ")") inel z’;l (1 o (1 — €jnel } II )P (IT, ,—’L)

il':

\tmel+ ‘1“ 2 1+ O(A)

(1
Ll
T2

= Correction factor — accounts for multiple collisions being
counted as one.
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® LHC can access lowest x values

)!

-

* for central W/Z production at
7 TeV: Z (01 o
14 TeV: x ~ 0.005

o at forward rapidities (7 ~ 9):
7 TeV z~6-107°
14TeV  ©~3-107°

» for central jets with p, > 20 Ge\o

107

107

10°

GeV:)

10

7 TeV z ~ 0.006
14 TeV : z ~ 0.003

* at forward rapidities (7 ~92): 10

J. M. Campbell, J. W. Huston, and W. J. Stirling.
Hard Interactions of Quarks and Gluons: A Primer for LHC Physics.
Rept. Prog. Phys., 70:89, 2007.

LHC parton Kinematics

X, , = (M/14 TeV) exp(ty)

, 4
Q=M M=10TeV 3

L | T™rrIrm

— M=1TeV / e

- M= 100 GeV

-\:,I‘(’ 4

3
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_ / fixed T
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=
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-
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