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- % The Compact M onSTeimld (CMS). Detector
\ o~

... Leading protons detected T1:3.0<|n| <4.6
S —220 mé&- 147 m from IP LHC — IP5 T12:53<n| <65

1|n| S wn Y

CMS

Leading protons detected
+220 m & +147 m from |P

Charged particles of inelastic ////////,
events detected in T1 & T2

telescopes T OT E M «m \%

Leading protons: RP's at £147m, +220m and +420m
Rap gaps & Fwd particle flows: T1 & T2 spectrometers
Fwd energy flows: Castor & ZDC

Veto counters at: +60m & +140m?
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~— Forward Detectors

Hadronic Forward (HF) — — —— — Hadronic Forward (HF)
-5.2<mn <-2.9 ‘ —— —— 52>n>29

00— & =" ¥

ZDC CASTOR —y
N <-8.4 -6.6 <1 <-5.2 ‘ —— n >8.4
—emm—=r= =
m HF m CASTOR m ZDC N

m rapidity coverage: m rapidity coverage: m rapidity coverage:
29 < |n| < 5.2 -6.6 < 1 < -5.2 In| > 8.4

m at 11.2 m from IP m at 14.3 m from IP m at 140 m from IP

m steel absorbers and m alternate tungsten m tungsten/quartz
embedded radiation absorbers and quartz Cher_e"kov _
-hard quartz fibers plates calorimeter with
for fast collection of m segmentation in ¢: separated EM and
Cherenkov light 16 sectors HAD sections

m segmentation in 7 et m 14 modules o detec(glon of neutrals
¢: 0.175 x 0.175 (2EM+12HAD) (v, 7@, n)

" FscC

=  Covers gap after CASTOR
= Scintillator at: 59 85, 114 m from IP5




p-p @ 14 TeV [DPMJET]
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CMS fwd calorimetry up to [n| =5 + Castor + ZDC
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- % . Totalpp Cross-Section

Elastic Scattering pI " p -
(04 P
~25% of Gy, # gap) ,
Ll l LA l LA L L L L
Single Diffraction P e
a >
~10% of Gy - p (9ap) ; wl|

Double Diffraction
~3°/0 °f C)-tot

- A T

Central Diffractive »
~1% of Otot

Inelastic (non- ,
Diffractive) | HE .
~60% of ' L
29 DJror 15-10-5 0 5 10 151 M\

- log (tan 6/2); 6 = polar angle
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elastic & diffractive
protons
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Energy flow at the LHC Y

« most energy is deposited
between:
8<|yl<9

« main CMS calorimeters:
In|<5

Two experimental definitions of diffractive events:

rs which arePQIaced close to the beam
PM Meeting on LHC

Tagging outgoing proton escaping close to the beam
v' Requires special detegr’g(?I
Request large rapidity gap in the forward calorimeter

ysics




. "Experimental Signatures

Single Diffraction Roman Double Pomeron Exchange
Pot i
) ---.--; E‘EL\__R e p gap
p "’ o P
--_=—'__’_':~ X central +
IP gap l]]-:’ forw. det.
p i i
- X | central + Pp—"" w__ p | 9aP
forw. det.
Similar for bhoton-broton Similar for photon-photon or Roman central
P P exclusive production (CEP) Pot

Experimental observables:

 large rapidity gaps €12 % ST Epe™

- tag in TOTEM RP and/or FP420: &, E, s = M2 " particles

e reconstruction with central & forward detectors:
Topics of soft and hard diffraction: -~ Y(Expl) M
 Dependencies on §, t and M, as fundamental quantities of non-pe| - \/g = g
e Gap survival dynamics, multi-gap events

» Hard diffraction: production of jets, W; J/) ; b; t hard photons, diffr.PDF’s
* Double Pomeron exchange events as a gluon factory

CMS + TOTEM (RP) Tags in combined runs vs FP420




Different LHC Run Options:

Complementary Physics Scenarios at the LHC

Pp->pX pPP--piiX
* o {.....: * . Lf .'.‘.‘.0:
¢ .. .O.D o {..:; .0..
-10 -5 ] 5 10 » -10 -5 Q s w
pp->pXp PP—>piiXp
LY e * ® LY 4 Can® @
- - o.. : . - @‘. - .
o * s : ® - .

.

k..... L4

e as ®
@“‘ 3
e® o ol&l)e

=10 -5 ) s w -10 -$ o s "0

soft diffraction (semi)-hard diffraction

PP=>pPJI(X)
Y.
° B A
-10 - o ] 0 n”
pT=40 GeV B
PP-=piiP(X)
* e ¢
o [ oo &
-10 -5 0 5 10 1’

hard diffraction/exclusive processes

Cross section

o mb

L (cm?s?) 10

B (m) 1540 90

TOTEM runs

Luminosity

nb

10°
0.5

Standard runs

The accessible physics depends on : luminosity

B* (different proton acceptance) " inerocyon







Exclusive production: processes where the protons remain intact after the
interaction and escape undetected along the beamline.

Exclusive Two-Photon Elastic Photo-Production

p,JIV, Y, 2Z,...

v At higher luminosity,
probe new physics
with search of
exclusive massive
vector particles

O —

10-Oct-13

T —

—_



Excluswe:yjﬁ) un Production

JHEP 01 (2012) 052
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g
. -5 >
Measurement restricted to well z . ® 50F CMS,\/s =7 TeV, L = 40 pb™]
controlled kinematic region (pr(H) > 4 /[----" G | ot i
To) L e data 4
GeV, |n| < 2.1, m(up) > 11.5) s R o Srpmal vy -
; ; _ ; s o B [ Single dissociative yy—u* p. 7]
rejecting Y photo-production . — S B Do-ble dlesociative v e
-— H —utu -
Exclusivity condition requires a = Sl B DY Z/y—u' ]
. . ag ; —
primary vertex with exactly 2 muons 2 W b 30 —vic = 0.83%015(stat.) £ 0.04(syst.]
and no other track within 2 mm [ pr(p) > 4 GeV; || < 2.1 ]
TS T
) ] ) S T~ m(pp) > 11.5 GeV 7
Signal extracted with a binned pg;p 20 _
maximum likelihood fit to the pr(HH) . _ i
distribution Q; =+ _;_ 10 ]
———T T 12, .
E 45 ' CMS,\S =7 TeV, L = 40 pb [ i
1040 * data _; _(;\':Sr T 0 + Illlllll#
- i St ] e e
B 35 %g:ggzmss;cﬁatwe —— _: - F —= 0 0.5 1 1.5 2 2. 5
€ I Double dissociative yy—u*u ] (LlLl) [GeV]
o 30 B DY Zfy—u*w =
w ]
ZZ Highest mass 3 o (p+ pp+p) = 3.381028 (stat.) £ 0.16(syst.) + 0.14(lum.)pb
15 event at ~77 GeV Largest systematics from track veto efficiency (data driven - pile-up
N sensitive)
5 Good agreement between data and LPAIR MC (signal and proton
0 dissociation)

20 40 60 80 100
un mass [GeV]

Potential to become competitive luminosity monitor at the LHC




CMS Vs=7TeV pp 36pb™!
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Events / 10 GeV
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—— DATA
] el-el YY—e'e (a)
[ inel-el yy—e*e
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M(e'e) [GeV]

CMS \Vs=7TeV pp 36pb™

—e— DATA
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EXClUSl@y9e+e Production
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CMS Vs=7TeV pp 36pb”

—— DATA
[ el-el  yy—e'e (b)
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[ —— DATA
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3 3.1
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JHEP 11 (2012) 080




EX.cluswe‘ﬂ-)fW*W Production

JHEP 07 (2013) 116

* Production of two photon of WW pairs is sensitive w+ P P
to Anomalous Quartic Gauge Couples (AQGC). \\ Y w*
* CMS has the most stringent World limits on Quartic < y JeC
gauge couplings and it is ~100 times stronger than AN . W
LEP results. 1 w- P P
AQGC would increase 8 \ ‘CI\IIS,E=‘7TeV,L=‘5.05fb’1 Y W+
yields at high pT(pair) and Two orders of magnitude % . ]
No extra event found. improvements over LEP reach. | (D 7E ¢ Data B Drell-Yan vt ]
o - E— inclusive w'w ¥ Diffractive W'W" .
o [0.000 NS {5 =7 Te. —— ! g 6 M < £ Wiets - y W-
%) i %om_|§=%%§%é§%ev ] _,(L) - —— Elasticyy =t =—— Inelastic yy — t*r ]
o, w4 oL qc_) 5+ — v — W'W (SM) -1 »
N< 0.001— Zooef . 1 Lﬁ E E
S AT 4 E
of . 3F =
; _ of E
-0.001~ ———.~ ztgxgzr;rco::flideﬂce region ] : 1
i —aMSS%%“/;c?’r;fidenceregion 1 ]
-0.002_I I (A Soocmv‘) | TOI‘IID erllcereglon 13 O\\\ . ‘fl . ‘ . . ‘ . . ‘ . : )
00005 0 [00005 0 200 400 600 800 1000’
ay//A”[GeV” m(eu) [GeV]

c(pp = pYWIW pl*) 5 plpFe™plt)) = 2273 b,







T ﬁlffractm Di-jet

¥ Diffractive Dijet studied in pp, ep at CERN, HERA, Fermilab

#DPDFs were measured at HERA in diffractive DIS
and used to describe different diffractive in ep collisions.

# In hadron-hadron collisions hard diffraction is
suppressed wrt HERA predictions. The suppression

Phys. Rev. D 87 (2013)

-

jet

jet

factor, called rapidity gap survival probability, is
~10% on average. The suppression depends on

X (fractional parton momentum) changing from 0.05
to 0.3 with decreasing x.

D
FJJ

¥ Systems X and Y separated by fixed n=4.9 cut
X includes all particles withn < 4.9
Y includes all particles with n > 4.9

100

[ - H1fit-3 Er'?>7GeV
- (Q%= 75GeV?) 0.035 < £ < 0.095

10:_ -

01L H1 2002 o,° QCD Fit (prel.) \%
F L =

= H1 fit-2 —+ CDF data

|t]<1.0 GeV?

* IR only
L]

B

0.1 1

‘uonjesoqe|jog 4ad

(0002) £¥0S ‘v8 o1 Aoy "shud
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¥ Dijet cross section as a function of ¢ Phys. Rev. D 87 (2013)
for events with both jets P;>20 GeV

in |n| <4.4 range.

CMS preliminary, p+p->jel]jelz, \'s=7 TeV, [n|<4.4, P, 2>20 GeV
3 L] T
+# The first bin is dominated by diffraction. zi
E 10 |
]
+ Diffractive models based on diffractive 3 I “
pdfs from HERA (POMPYT, POMWIG) 1| frterrrrreererereereeeerereend @0AA T 1 without
overestimate the measured cross section | survival ~rowpvt creqer swneea | Dard diffr.
. . probabllty == POMWIG CTEQ6L1 & H1 FitB
(gap survival probability). 10°f - poungermrma vt s |
Evidence of 0° ] (')_2 LO
. hard diffraction ~
The suppression factor (data/theory): NLO g

0.21+0.07 (data/LO MC)
0.14%0.05 (data/NLO)

Estimate of the rapidity gap survival probability after correction for the proton dissociation:
(0.12%0.05 @ LO, 0.08%0.04 @ NLO)

¥ This is an upper limit of the gap survival probability because the measured
cross section includes a contribution from double diffraction.
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Soft Diffraction
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,Soft“dﬁﬁ'acﬁve Cross sections

PAS FSQ-12-005

First CMS measurement of inclusive diffractive cross sections.

R/
L X4

+ Using Large Rapidity Gap (LRG) signatures.
<« SD and DD separated with CASTOR -6.6 < n<-5.2

A B S O o » X

P
p p X p p
p p
P
X p p P X
P
P P p Y p g
(a) (c) (d)
P Y
(b)

[ no CASTOR
[[] CASTOR

DD events

rIIIIIIIIIIIIIIIIIIIllllllllll

Il]llIllllllllllllllIIIlllllllllllllllllllllll

log Mv

undetected particles — Nmin
SASTOR in n| < 4.7 ! An’ /
I IIIIIiIiiieeensRssReccssecameasesdies . . Nmax
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Soft diffractive cross-sections

Experimental Topologies of diffractive events with LRG PAS FSQ-12-005

SD1 type — gap on +side SD2 type — gap on -side DD type — central gap
CMS Preliminary,Ns =7 TeV, L= 16.2 ub™ CMS Preliminary,Ns =7 TeV, L= 16.2 ub™ CMS Preliminary,Ns =7 TeV, L= 16.2ub™
L LA B BN BELEELRNL B N AL B AL LN BN BN L BELEL AL IR BELNLENL IELANLL B
(b) ® Data ]
PYTHIA8-MBR: 7§
3 SD1 ]
3 sD2 -
() DD

Events
Events
Events

-__________I.._________

2 10
3 10° 3
= 102 .-
L 1713 10 Ll , E
-4 4 0 2 4 o 8 0 (1) 0
n . An =
min n=n max nmin
nmin nmax ]]min l]max S mn | max
|
\‘ ‘ ‘ centralldetedtor ‘
’ central detector ‘ ‘ central detector ‘ T
| i
| | -n(Vs/m ) In(\/s/mp)

Nimax (Nmin): highest (lowest) n of the particle reconstructed in the central detector

N°ax (N°nin): ClOSEst-to-zero positive (negative ) n of the central detector An°=n°__ -n° ..




A

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

30-7:""| """"" T ) L B AL ]
C - e CMS n
é 0.6 bD (pp = X¥) PYTHIA version: =
< [ M>10,M>10Gev ~ — P8-MBR&0.08 .
<] 0.5 - P8-MBR (default) €0.104—
O ¢t — P8-4C ;
Q o04f I ******* § - P6 -
o ¢ ! :
© 03  |ebee -
0.2 R — 3
0.1F e 3
EI 11 1 111 1 | 111 1 | 1111 | 11 If | I 111 | | 11 1 IE
2 3 4 5 6 7 8 9
An = -Ing

oDP = (.93 + 0.01(stat.) T2 (syst.) mb for An> 3, Mx > 10 GeV and My > 10 GeV

* PYTHIA8-MBR, PYTHIA 6/8 are in agreement with data.

* The dominant source of uncertainties:
Energy scale of HF (Hadron Forward), hadronization and diffraction model.
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—— ’LQ__\Y pr Jet

m\

,pp¥s=8TeV L, =58pb"  CMS Preliminary
IS 10°E -e-Data
2> . — NLO®NP(ABM11
ae = P
O hi.... NLO®NP(CT10)
| I =
e 10°F .. NLO®NP(HERAPDF15)
ola- F [ S NLO®NP(MSTW2008)
© il l—--_._-\L“:NLocaNP(NNPDan
10° I
10 LO<IyI<05 Anti-k _(R=0.7)
:I 1 Il 1 | 1 1 Il ] | 1 1 1 1 | 1 1 1 1 ‘ 1 1 Il 1 | 1
21 30 40 50 60 70
P, [GeVic]
,ppVs=8TeV L, =58pb’  CMS Preliminary
|—|Q 10° E -o- Data
o> — NLO®NP(ABM11)
G NLO®NP(CT10)
— 10
M ... NLO®NP(HERAPDF15)
ol - .- NLO®NP(MSTW2008)
° i -~ NLO®NP(NNPDF21)
10° &1
i
L‘-q
10° |-
C e |
10t 32<lyl<47  Antik (R=0.7)
S B RN B - |
21 30 40 50

60 70
P, [GeV/c]

~ PAS FSQ-12-031

- Forward jets measured at the collision
energy of 8 TeV (even smaller x).

- New measurement (8/2013): CMS-PAS-
FSQ-12-031 based on 2012 data, 5.8 pb

- Dedicated low pile-up run (4 interactions /
bunch crossing), requirement on one
“‘good” primary vertex in the event.

- Inclusive jet spectrum up to forward
rapidities |n|<4.7.

« Low py: 21 GeV < p; <75 GeV (even
smaller x) in bins of y.

- Zero bias trigger ( > 2 tracks in Pixels).

- PF jets reconstructed with anti-k;
algorithm, R=0.7




— Low p; Jet

+ Combined jet spectrum
with NLO predictions at 8
TeV.

e

*

Cross-section: 15 order of
magnitude!

i
GeV/c

|

2
dedy

;?f

PAS FSQ-12-031

—
L O
T

—
o

—e- 0.0 <lyl<0.5
—= 0.5 <lyl< 1.0 ( x 10%

I I
+ f
[\)_l.
o Ui«
AA
==
A A
NN -
Lo

10° o )
B —+—25<Iyl<30 x10?
= —6—32<Iyl<47 x 107)

X 105)
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[ T T T T T T T T T T T T T T T | ]
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10°57730 20
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The ﬁrst-ﬁbse;lzvatl;gn E'VVK/VBF

Z+Jetsatthe LHC [re FSQ-12-035

* Anew, 8 TeV VBF Z production

— Improves and extends earlier analysis it to higher energy/statistics

. . Z/
— Strong destructive interference between the VBF diagram (top) and bremsstrahlung
(middle) & multiperipheral (down) production we -
— Cross section is suppressed by x5 compared to the VBF contribution alone
q q
* Important testing ground for understanding of the VBF Higgs production
q
CMS prellmlnary \F_B TeV fL 197fb1 ee/uu events, M >1250 GeV
" CMS prellmmary (s=8 TeV [L= 197fb1 ee/wevems M >1250 GeV % 180—D lT DQCD Zj(data) lEWKZ .
2 5] VV i Top jj(data j °data
l% 35oj]vv lTop DQCD Zjj(data) lEWK z” -data: G g0k o E .
300 2 = 140 q = 2/ e
] o 8 = q
250 = 1208 ] -
3 100 1 —
200 sCer:IraI jsel coul nt%_z 80 ° 5&28?;1%%2[82\2/]50 : q/
150 = 60 = »
100 = 40F —
50F a 20 =
0 — 50 160 150 200‘ | 250
=0 jets =1 jets =2 jets =3 jets =4 jets HT(pT>1 5) [GeV]
Central jet count 2 . T I IR R A
2 1.F \ \ \ \ ] 3 121+ T I L
m 4§7 n |
g kB ; % } ] g o8 % | — = =
8 08— | | | ] 0 50 100 150 200 250




— ’V]iE-Z J ets

PAS FSQ-12-035

CM\S CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
B 4:53:14
A L4 Rl 05 | 1eeromin e Y Data recorded: Tue May 22 14:53:14 2012 CEST
X ) Saiissction: 151 \| Run/Event: 194702 / 156701816
V= s | Lumi section: 151
o Y T HH ¢ ¥
Electron : : t =! : FT :
py=25 GeV SSI=E e 7 : 5
nz—}?g ' ; EEer ] M=95.4 GeV SEESES
o= : = e HAEE b =68 GeV : :
' — L fre ve=0.14 | :
Electron ‘ = = E 3 ‘ f % J f S 3 =
0,207 GeV : PF Jet _ E R i S I T
n=0.10 X p;=118 GeV ¥ Fn } B 3 ,,
©=2.84 n=2.67 { H e
©=0.14 . \ 5

Dijet
M=2.40 TeV

An=6.83







- CMS: F?)rward‘:] etsat3<Inl<5

JHEP 1206 (2012) 036

* Forward Jets: E; (30-140 GeV) at low x
— Jets in HF (3<|n|<5)

«  Spectrum: reproduced by NLO

| ) g h
- C.MS' PP - s * x.'\E -’ T?V' = 3.'14 P : CMS, pp — Jot,q + X, ¥s =7 TeV, L, = 3.14 pb’*
o o T T I v I o
Q) @] Data = L [®3] CMSData i Z
% 5 NLO & NP ® 1.4 [ [ CT10@ NP, APDF CL68 = ®
S 10 — s PYTHIA 6 (Z2) s - MSTW2008 @ NP 1 &
= [ | e PYTHIA 8 (Tune 1) —t - [Z1 NNPDF2.1 & NP 1 £
_8 =+ = POWHEG (+PYTHIA 6) ('_', - --- A(NP @ Scale) 1 O
=10 | eemees HERWIG 6 (+JIMMY) 5 1.2 . 6
_g s = CASCADE — i =
= S [ — = B =
o
3 [e) - )
©
S10°% sow FERE )\ 1 o
‘g :g : 557 x\\‘:\.\c\\:‘ \\-‘ R N -g
102 o .‘.uﬁ“”&:" (1}
""""""""""" B — e — 7
08 F oo —+— 7
10 I
06 7]
L Anti-k; R=0.5,3.2< n| <47
1 | 1 | 1 |

40 60 80 100 120 140 50 700 150
p, (GeVic) p; (GeVic)




JHEP 1206 (2012) 036
Mueller-Navalet dijet decorrelations result & New: FSQ-12-002

CMS, pp— jet, +jet __+ XNs=7TeV, L, =3.14pb” CMS, pp— jet, +jet__+ XN5=7 TeV, L, =3.14 pb"
Ses —— " 15 [———. 1 * Forward central Jets:
§ = PYTHIAG (D6T) _g 3 = BVt oem 1 : : )
£ g ——=PrHASE2) 1= ——— PYTHIAG (22) — With Large separation probe BFKL
(i wmnnnn PYTHIA S (Tune 1) -o}— 2 5_ s PYTHIA 8 (Tune 1) u d H
g — . — POWHEG (+PYTHIA®) a — . — POWHEG (+PYTHIA®6) ynamics
B 2.5 eueween CASCADE -(E — CASCADE i}
L L2 1 * Ratio (Theory / data):
o O ,
2 o S 1.58|__ 1 — For fwd and central jets p; spectra
. = ———
5 5 | B
g 1 B R :
® 5 :
‘o ©

0.5 0.5+ 32<ml <47
40 60 80 100 120 140 40 60 80 100 120 140
central jet p_ (GeVic) forward jet P; (GeVic)
CMS,pp—> jet,_+jet _+ XNs=7TeV,L ,=3.14pb" CMS, pp—jet,_+jet__+ XNs=7TeV,L =314pb" ~ PYTHlA & NLO
g == g J Do | overpredict jet spectra
= cmme==s. HERWIG 6 (+JIMMY) et amameae HERWIG 6 (+JIMMY) 1
5 ——— HERWIG++ 5_ ——— HERWIG:++ SpeCIa”y at low Py
g 2.5F ... POWHEG (+HERWIG) 18 257 —-.- POWHEG (+HERWIG) T
® | — HEJ B ——== HEJ -
& 4 g 4 | H'ERWIG & quels w/
5 5 wide-angle radiation
% - e ————% [ e T I____1 (HEJ) show better
o femmete ek —ig felee e [* === agreement, but
g T e — e —_ CASCADE (DGLAP+
oo, Me2 1% *EEM™ . | ] BFKL) also overshoots.
40 60 80 100 120 140 40 60 80 100 120 140

central jet p_ (GeVic) forward jet p. (GeV/c)







Data / MC

Centraland forward dN / dy

(- Combined €MS and TOTEM )

dNch/dn: mean number of charged particles per event and per unit of n:

probes hadronisation =» constrains phenomenological models used in MC
generators
* “Non-Single diffractive enhanced”: primary tracks in both T2 hemispheres
* “Single diffractive enhanced”: primary tracks in only one T2 hemispheres
« Study of the “soft” and “hard” scatterings

N

-
N

=y

o
)

CMS & TOTEM Preliminary ive pp, {s = 8 TeV CMS & TOTEM Preliminary NSD-enh d pp, Is = 8 TeV

L L A B e s oy B e e s B e S e ] [T rr T [T [ [T T T[T T[T
[ Corrections and correlated systematics between CMS and Totem are under study _| % L — Pythias Z2* -
— I S Pythia8 4C ]
C —— Pythia6 Z2* ] % o wn Herwig++ EE3C .
; ------- Pythia8 4C 7 6 C EPOS LHC 7
C "".‘ ‘ e Herwig++ EE3C 7 Ce ===+ QGSJetll-04 7
b e EPOS LHC 4 - -
_.—*—./—_\' ----- - QGSJetll-04 T 50 3 I
- -4 e =
= . - —e— CMS (p >100 MeV) ]
- —e— CMS (pT>100 MeV) -] 3j —m— TOTEM (p_r>40 MeV) -
- —m— TOTEM (pT>40 MeV) ] [ Ny(p,>40MeV)>1in53<n<6.5and-6.5<n<-5.3 7
N, (p,>40 MeV) 21in 5.3 <n<6.50r 6.5<1 <53 ] 2; ]
; | | | | | | — ; Correcti nls and correlalted systemaTics between ICMS and Totlem are underlstudy —
I T T \ |W:g I T T T Ill#\l.l_.lj
e - = 12 BN
- 4 @ C R
- —=d 8] 1 s
=" = 08" 3
s | P | | T [ . L P P Pt | P
0 1 2 3 4 5 6 h,“ 0 1 2 3 4 5 6 |Tl|

PAS FSQ-12-026

CMS (tracker) & TOTEM (T2)
analysis on same events
triggered by T2

Same CMS-TOTEM event
selection (at least a primary
track candidate in T2)
dN_,/dn for inelastic events
with at least one primary
charged particle.

CMS:

p;>100 MeV: |n|<2.4
TOTEM:

p;>40MeV: 53<|n| <6.5







é Forward-Seintillator Shower(FSC)

extending €MS n-coverage

CMS, as most collider detectors, has excellent hermeticity at low 1
In the forward direction the CMS coverage is extended with different
additional detectors: HF + Castor + ZDC (+ TOTEM)

There may be gaps in the coverage of the forward region (high 1)

The Forward Shower Counters (FSC) system is made of scintillators
installed near the LHC beam pipe at 59, 85 and 114 m from IP5, on
both sides of CMS

These counters detect showers produced by very forward hadrons
hitting the beam pipe and surrounding materials.
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_ Towards Full Acceptance
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+ FSC covers a gap in eta between the forward calorimeters (HF,
CASTOR) and the very forward (ZDC, TOTEM RP)
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FS€ Tasks

« Physics, mainly diffractive
— Detecting rapidity gaps in diffractive events

— Measure low mass diffraction and double pomeron
exchange

— Heavy lon runs

« Beam monitoring
— Beam halo of incoming and outgoing beams
— Comparison with forward flux simulations (MARS, Fluka)
— VdM scans

10-Oct-13




“events candidate

—with two leading protons
CMS-DP 2013/004

CMS + TOTEM event
Date recorded: 13.07.2012
Run/Event: 198903/10105843
Central Di-jet with leading protons
pp atVvs=8TeV, B* = 90m
All tracks shown, & Calorimeter towers E; > 2002

Yt =

3D Tower

E, =49.3 GeV
M(JJ) =132.5 GeV

Proton track in +z and —z TOTEM Roman pots
Rapidity gap in +z and —z Forward Shower Counters

Run, event: 198903, 10105843

R O —— - —
10-Oct-13" - 2ndIPM-Meeting on LHC Physics C— 37
T
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CMS + TOTEM event
Date recorded: 13.07.2012
Run/Event: 198903/9476393

Central Tri-jet with leading protons
pp atvs=8TeV, B* = 90

All tracks shown, & Calorifpeter towers E;> 200 MeV

E, 420.6 GeV

E, = 32.0 GeV

Proton track in +z and —z TOTEM Roman pots

Rapidity gap in +z and —z Forward Shower Counters

- 2ndIPM-Meeting on LHC Physics
T

T—

’@'Elrtﬂl;D?ij’éFevents candldate
Wlth_LhI'E'E—j'Et&Wlth 2 leading protons

CMS-DP 2013/004

n(Jets) = -1 38
-1.95,-2.20

— 38






2 PPS:a CMS TOTrEM forward detector

CMS and TOTEM have decided to work together toward a plan of
common data taking. This collaboration 1s outlined as follow:

Phase I (after LS1): low luminosity running.
1. common data-taking using the TOTEM hardware in the
forward region
2. Use one cylindrical RP for impedance/detector studies
3. Develop the Movable Beam Pipe
Phase II (after LS1+ 1-2 years): high luminosity running.
1. Replace the TOTEM silicon strips with rad-hard pixel detector
2. Use timing detector

PPS = Precision Proton Spectrometer
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» Low Mass: FP420 is a detector that can be used to study physics topics including Higgs
central exclusive production as a rich QCD and electroweak program.
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~— PPS Physies-Reach

PPS is the sole detector that can measure Central Exclusive Production
processes, both at low and high mass.

PPS @ 220 meter:
Low * (~ 0.6 meter)

High mass states (M, > 300 GeV),

high & small cross section processes (standard luminosity optics)
High p* (~ 90 meter)

Full mass range (M, <2000 GeV),

Large cross section processes (1-3 day of dedicated optics)

PPS @ 420 meter:
Low pf* (~ 0.6 meter)
Low mass states, large & small cross section processes

10/7/13
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m Exciting experimental/theoretical QCD physics for the years to come!
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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Inelastic telescopes: charged particle
& vertex reconstruction in inelastic events

T1:3.1<n<4.7 T1: 18 - 90 mrad
T2:5.3<n<6.5 T2: 3 - 10 mrad

= .., ». R :“‘I~‘_“_ ‘ | '(
== ! I p——— e ——— =

" \' CASTOR (CMS)

- T2

Roman Pots: measure elastic & diffractive protons close to outgoing beam
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- % Diffrzié?'fb“ﬁ’*?”*h%ﬁ to probe.-the proton

-
e Protons are not elementary particles: made of partons.

= Parton Distribution Functions (PDFs) essential to relate
theory to experiment at the LHC (and Tevatron, HERA, ...).

e fa(x. Q?) gives number density of partons a in hadron A
with momentum fraction x at a hard scale Q* > Agqp.

1 1
oAB= Y /an/ dxp f/a(Xa, @) foya(Xb, Q%) ab
0 0

a,b=q,g
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| ‘*X’Erlmental Issues in

selecting diffractive events at the LHC

1. Trigger is a major limiting factor for selecting diffractive events

2. Background from non-diffractive events that mimic diffractive
events because of protons from pile-up events

10-Oct-13




- W Diffraetive-Physics-with CMS, TOTEM,
~ and the Forward Detectors

Single diffraction (SD):

central CMS
! X apparatus
I
I
I rap gap -vetoon T1,T2, HF, ZDC (CASTOR)

— \

/ Near-beam
detectors - Roman Pots (F420)

leading proton

: Near-beam
leading proton \ i
AN ) rap gap
\
Double Pomeron exchange (DPE): central (?[MS
apparatus
rap gap

Near-beam

10-Oct-13 P ol detectors §
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Froni theTevatron to the LHC

e LHC will probe forward rapidities
y~5, Q%2~ 100 GeV and x

down to ~10-°

« Some of the available

processes.
Inclusive single pp2pX
diffraction (SD) and | pp>pXp
double “pomeron”
exchange (DPE)
production of dijets, | pp=2pjjX
vector bosons and pp>pW(2)
heavy quarks pp>pai
Central exclusive pp —pHp
production with )

H (120GeV)=> bb

High energy photon | pp2pWX
interactions

pp=2>(pyp)2pWHX

Q2 [GeV?]

109
108
107
106
10°
104
103
102
101

100

L Q=M

M

| 1 | | 1 |
X4 » = (M/14TeV) exp (1y)

=10 GeV

107

10C

101

106 105 104 103 102
X

Based on Stirling” s Eur. Phys. J. C 14, 133 (2000)




EX.CIUSIVE‘ﬂW +W- Production

Events/12 GeV

JHEP 07 (2013) 116

Production of two photon of WW pairs is sensitive w+ P P
to Anomalous Quartic Gauge Couples (AQGC). \\ Y W+
CMS has the most stringent World limits on Quartic i < y JeC
gauge couplings and it is ~100 times stronger than AN ‘ W
LEP results. Y w- P P
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——Quartic-gauge coupling

|~

* CMS has the most stringent World limits on Quartic gauge couplings

Red is CMS limits range

LEP L3 limits ——  CMS WWy limits —
ly 201 L3
July 2013 DO limits ——  CMSyy — WWlimits ==+
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy  [-15000, 15000] 0.43fb™ 0.20 TeV
5 WW vy > WW [-430,430] 9.70fb" 1.96 TeV
YY SiEmsemee N B ww -21,20]  19.30fb" 8.0 TeV
al¥/A? TeV? ! [-21,201
.......... vy = WW [-4,4] 5.05fb" 7.0 TeV
WWy  [-48000,26000] 0.43fb™ 0.20 TeV
.
Y W vy —~ WW [-1500,1500] 9.70fb™ 1.96 ~
QGC R B Wwy [-34,32] 19.30fb" 8.0
al¥/A? Tev?
¥ W- I A - yy—=WW  [-15,15] 5.05fb" 7.0
P p IS Tev - WWy [-25,24] 19.30fb”" 8.0 viaQGC 71<
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<+ The e*e- and gamma-gamma analyses using the calorimeter

+ 2010, each event of this process was accompanied by extra “PileUp”
events within the same bunch crossing: ~ 2-3 pileup interactions
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Fermilab: M.G.Albrow, S. Popescu, Y. Guo, N. Mokhov, I. Rakhno
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U. Kansas: O. Grachov, P.Kenny, M. Murray, Q. Wang, C. Bruner, Z.Tu
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Forward

Shower

Counters
CMS

sector - IP

Forward Shower Counters
cover a rapidity region:

~6<In| <8

FSC Setup

st2 St3 - Scintillator paddles
~25cm x 25¢cm wide
with one PMT each,
8 per side, symmetric to IP5
See showers produced by
particles from collisions in
beampipe or nearby material




—»€entral High-p; jet production:

Iow-PU at v8 TeV: 2-jet

Jots ;= 42.3, 40.5 GoV
M(JJ) = 933 GV
FSC (6 ~< jy ~<B) sempty

e 3

pe

Central 2-Jet candidate pp at

s=8ToV,

pr= 90m

at LHC, CERN
FriJul 13 04:45:07 2012 CEST
8903 / 6946970

Jets E; = 42.3, 40.5 GeV
M(JJ) = 93.3 GeV

FSC (6 ~< [n| ~< 8) empty

T

Central 2-Jet candidate pp at Vs = 8 TeV, B*= 90m

Jets E, = 42.3, 40.5 CeV
M{JJ) = 93.3 GeV
FSC (6 ~< | ~< 8) empty

Central 2-Jet candidate pp at /s =8 TeV, * = 90m

CMS-DP 2013/006




—Central High-p, jet production:

Low PU'at /8 TeV: 3-jet candidate
CMS-DP 2013/006

Jots E, = 32.27.21 Gev . "o et 2 32.27.21 Gav
MJA)) = 100 Gev M 00 GaV
F5C (6 ~< | ~< 8) empty FSC (8 < o —< ) empty

Central 3-Jet candidate pp at \s« 8 TeV, f* = 90m Central 3-Jet candidate pp at 's = 8 TeV, § S0m

M
l o 3C
h.ul! nt | 203 /9476393
Jots E, = 32,27,21 GeV
M(JJJ) = 100 GeV

FSC (6 ~< jn| ~< 8) empty

Central 3-Jet candidate pp at \s =8 TeV, g* = 90m
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Phase Il I2 Iayout f the PPS-Totem project

Two Roman-Pots for tracking, 10 meters apart, instrumented with
upgraded rad-hard pixel.

Timing detector in RPs and MBP (depending on what we learn)

RP with
timing detector
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