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Exclusive dimuons

LHC as a photon collider ! Muon pT
photon — photon interactions S
E YY—=> U
p p 10° 3 \ Generat;d with LPA;H
pp(yYy — pp”)pp I = A\ e
R R Very narrow
£+CMS o° I ~ peak
at low p_

p p
Total cross section (LPAIR): 1" - i AL
1.47 x 10° fb — no cut P, [GeV]

747 x 10°fb — p. > 2.5 GeV: elastic case: the protons remain intact
76.2x10°fb — p, > 2.5 GeV: inelastic case: one proton dissociates

Large cross section
Very well known: QED

Very clean final state (if pile-up neglected: L < 10** cm?s™)
Exclusive pair of muons
(Almost) no proton remnant in CMS
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- Central pseudorapidity (|n|<2.5)

« Analysis (offline selection) :

Outline
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Exclusive dimuons

e Analysis: (continued)

- Exclusivity conditions: only 2 muons are expected
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7 - E - 7 - .
. Zrroww ] 0L Zvroww
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Excl. Dimuons . E o N 10*p o =
_ 10 CMS preliminary 3 g CMS preliminary]
- intro ] - ]
/ | 10° 5 E
- 10°F 2 e
- selection 2
- measurement 1022
- applications
10 7 =
Excl. Dielectrons -
Dissociation 1 From calorimetry 3 1 / From tracking 3
Y photoprOduct. 10_1 4 ill Ll | Ll | Ll | Ll | Ll Ll | Ll | || | Ll | Ll 10_1 % / II| Ll | Ll Ll | Ll | Ll Ll | Ll | Ll | Ll | Ll I_
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Conclusions Tower multiplicity Track multiplicity

Reducible background events include:

. Drell-Yann processes
. W pairs
. Heavy quark decays
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Exclusive dimuons

BN L L L L L e
- 7 Z astic — ; E .
700" 7 merio = Overall selection
- Exclusive ¥ (15,25,35) ]
800E i E p. and A¢ balance
: R lorimetric and trackin
500:_ CMS preliminary A ca L. g
100k E exclusivities
- Inelastic events are -
3001 irreducible E
o backgrounds 31 «linelastic » = one proton dissociates
- . « with veto » = dissociation product
100F / 3 seen by one of the forward detectors
- Z %@.ﬂ-@.”l.l” e
0 10 20 30 40 50 o0 70 &0 90 100
m (U u)

*'I‘""Tf:Ff;r,ﬂia‘.if'(F:"ﬂ."' — M | 2 j =709 + QT('H'”'!'}
Ninetastic(7y — p '~ ) = 636 + 25(stat) £ 121(model)

AW fvEtD
“Tinelastich !

(vy — ptp™) = 223 £+ 15(stat) + 42(model)

For an integrated luminosity L=100 pb™, without pile-up
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Dissociative backgrounds

At least one of the
two interacting The proton remnant could

proton dissociates

remain unseen
by CMS !

PRy Yy =+ p*w) pX
—all

----- neulrals

0.08

LPAIR + CTEGSM

Outline n.ns:
Excl. dimuons g
0.04 -
Excl. Dielectrons i Inelastic events are
Dissociation 0.0z} : irreducible
Y photoproduct. P [ S 8N | backgrounds
: Oy & B 10 12 14
Conclusions _ 7 (most central particle)
Same final state !
| [ werira I | - i
| [ werisa | [ | -
— I Using forward detectors
oo MO R CASTOR + ZDC for rejection
CRACSTAT _— . | u ; [
— - - ZDC
T
IP > CASTOR @ 140 m
8

04/02/2008 CP3 lunch se @ 16 m



Exclusive dimuons
* Applications

- Luminosity normalization: offline calibration of lumi monitors ~4%

* Reducible background: small
* Irreducible background: manageable

Outline - Forward detector calibration+ alignment
| : pp(yy — H)pp
Excl. Dimuons Effect of
) intro 4c:§ :I TTT TTTT TTTT TTTT TTTT TTTT | TTTT | TTTT | TTTT | TTT I: % § beamline __ E,H |'||Ith HE‘E:D[".MQK;".‘F;SI 5h|ﬂEd D!.' El.ﬁl‘rllrl
. = . —— MC particles
- Se|ection g 102 §_ " all dlmllOIlS _§ a = m|SaI|gnment On Mo misalignment (114.7+ 1.6 GaV)
= - 1 qo'eforward trackmg Misalignment (108.6 + 1.7 GeV)
- measurement - L= tag at 420m - z detectors | wisaign « beam pos cor. 1124+ 1.6 64
g g N '"':__ n = __.'_' Misalign = calibration {114.8+ 1.6 GeV)
- applications 10 . tag at 220m 3 T L
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Reconstructed Higgs Mass (GeV)
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Exclusive dielectrons

Similar process:

exclusive production of an electron-positron pair pp(’y’y — e

e )pp

Total cross section (LPAIR) :

7.1 x 10*? fb — no cut

Outline

_ 10.4 fb —p_>5.5 GeV : elastic case : the protons remain intact
Excl. dimuons L

Excl. Dielectrons 13.6 fb — p.>5.5GeV: Inelastic case : one proton dissociates
- intro

- selection Like dimuons:

- measurement - Electrons are balanced in Ap_and A®

Dissociation . p, distribution is really peaked at low values

Y photoproduct.

Conclusions Unlinke dimuons

» Electrons are more difficult to reconstruct => higher thresholds

Dedicated trigger required !
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UCL

Université cathaligue de Louvain
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Exclusive dielectrons

Level 1 selection of yy» ['['events

+

e UY

* Thresholds of the default
dimuon triggers are already as
low as 3 GeV (L1) and (HLT)

*Goals :

Very low luminosity phase

v e'e

* Very low transverse momentum of the
leptons

» High threshold of the defaults di-egamma
trigger

. mm) Need a special trigger

» decrease the thresholds of the default levell triggers

= preserve the output rate

5 E - T
. . ] = R g -
Add exclusivity %45:— ----- D R e
. . - . o el z.-:i-‘. -_}__.-’
requirement specific dof e g
+]- SR R T P N o "
tU i! I | 355 . ‘1-;.:-' -ﬂz.';ﬁ ‘: f,-f’-’.r
au :Tf.'. *.:. : = 5 %‘.‘ ....... B RS SR
E L L ERp el 8 “
25 . -".'.i . ':"I" _‘.' ....... ’; 1::‘{;15 ........
/ 2 o AR g,f:;:szsl L
2y R R TR
™~ ! - 15% : g e ] B Comected RECO jet
- \ T = ' 3 i B Uncorrected RECO jet
10 g ; [ W Gen RECO et
= s Reco jet : MidPoint Cone 5
5 AT Sample 17y —e'a
‘ : Ca Jats matchad if AR < 0.3
L1 e/y are seen as jets candidates T

| Comparison between L1 afy's and L1/RECO jets |
50 : : ' =Tk, P

S RN FEETE RN EE FE RN SRR
00 5 10 15 20 25 30 35 40 45 50
L1 ely ET (GeV)

Depends on the energy scale applied on the jets
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Exclusive dielectrons

Trigger conditions
- at least 2 e/y candidates with a p_ bigger than a threshold value

- nothing else ...

=4 03 ;H .............. R S— i .. EGamma L1 triggers
e E Y0 .
S il v *- Two electron candidates
Outline e s ~ Two electron candidates and forward gaps
Excl. dimuons %10;_ ......................... T = Exclusiverly two electron candidates
- = = = ! : : : : :
H E = - : : : ; : ;
Excl. Dielectrons 1L 2 . 5 VRS RO VRN SRR SRR SRS
- intro =
- selection 1075 LPAIR
- measurement - e
: - 102 P, > 5.5 GeV
Dissociation = . Y
Y photoproduct,  10°% U S M 1 o i Rates for 10 cm™ s
_ 0 18 20
Conclusions E, (GeV)

p.° (GeV) | Rates (kHz) €(%)

Default trigger 8 0.73 10.99

Events passing the exclusive
2 ely trigger must satisfy a
dedicated High Level Trigger
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Exclusive dielectrons

e Selection (continued)

- Balance in acoplanarity and in E_

- Exclusivity conditions : tracking + calorimetr

S —
% N
%YY—)GG

FT AR Rl AR AR RN R
- z N % P .
ok e __ elastic
7 — Backgrounds ] — Backgrounds ' N
Excl. Dielectrons _ac SEEE aC_groun . — |Inelastic -
_intro | From calorimetry 5 . Fromtracking 7 (vetoed) |
-t | 1 il :
- selection " % ; E : CMS -
- measurement “’% E !
% : % E
L0 Al e o
10_1/ Z:AIn T | T | ] ..‘|.‘|.|-| AN R NA N IRIN . Ny
0 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 S0 90 100
Track multiplicity Tower multiplicity

m (e €)

ﬂ'-'rr-.i'u .Hfif-["? 2 (J+r_:| P H(Hf”f]
J'?'\'T.'.n'.'f'lrﬁ-""!fr'(I‘:'.ﬁ:r. ! ()'+f'_J| 82 & U[Hﬁ”” + lﬁ[:r”()ﬂrf"”
A7/ veto (vv — eTe”) = 31 + 6(stat) + 6(model)

“Vinelastic

Interesting but 10x smaller sample than for dimuons
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Upsilon photoproduction
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Upsilon

bottomonium family

esaL s, S m % ' o, n, b 'n, Upsilon Y photoproduction
10600 1 T | T 1 T 1 T 1 T T T [ T [ T T 1

Open bottom thr. 7 p p
o Y(SS)__.':'—.—_'_—|
2 | B _
- x,(zp)lj{ 2.1.0i Y(1 D) _- IP T p

. | CMS

9800 : f\/ P+

x(1 P)n{ 2100
9600 |- ® cxp

| p p

wo EY(18) [] Theory
m | o photon — proton

A T Interaction

Mass and branching ratio

(1S) m= 9.
(2S) m =10.
(3S) m=10.

46 GeV BR(UW) = 2.48%
02 GeV BR(uW) = 1.93%
36 GeV BR(up) = 2.18%
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Upsilon: Cross sections

HERA measurements

5‘ I I Wll15: p P
q g
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. bl L et
Excl. dimuons ol W3

4?‘ o " G(yp = ¢p)
Excl. Dielectrons !

_ Wu,s
10 i
Dissociation o(yp — J/ﬁpl -“‘MM 11§ € e

o’ W
Y photoproduct. 10 TZES Ty o el 3
- introduction * HERMES o(yp = ¥(25)p) .
10 oL o fixed target W _:
- measurement o(yp = T(1S)p) ﬁf
Conclusions ot S A
| § o e Predictions
Process Oprod (PD) Generator
YIP— Y — utp~ 12 (1S) PHITI

yIP— YT — p*u~ 39 (1S), 13 (25), 10 (3S) STARLIGHT
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Upsilon: measurement

Selection of the dimuon pairs as before

CMSSW
CMS preliminary

Y(13) L = 100 pb*
Y(2S)

60

50

40

30

Events / ( 0.04 GeV )

20

10

f)’lr P}f 0 e loe o feel et tu 1o M S ] F
continuum 8 8.5 9 9.5 10 10.5 11 11.
i

Observation of the three resonances !
— low p_ track calibration

— detector alignment

— sensitivity to very low-x distributions
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Conclusions

Exclusive dilepton production:

* High cross sections

Few backgrounds: early physics at LHC

Luminosity normalization

Alignment of forward detectors

Upsilon photoproduction

* Cross section measurement

CP3 lunch seminar
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Exclusive electrons

electron p_
Similar process: o 1F S
exclusive production of an electron-positron pair Yy—e'e
] o LZA;H ___________________
Ogon=128.76

cut,, =p}>2GeV

pp(yy — eTe” )pp

Excl. Dielectrons
- intro Very narrow
- selection TOta| Cross Section (LPAIR) - peak _ .............................................................. .
- measurement atlow p, . CMS preliminary
7.1 x 10" fb — no cut TR 5969‘30

10.4fb —p,>5.5 GeV : elastic case : the protons remain intact
13.6 fb —p_>5.5 GeV ! inelastic case : one proton dissociates

Like dimuons:
- Electrons are balanced in Ap_and A®

. p, distribution is really peaked at low values

Unlinke dimuons
* Electrons are more difficult to reconstruct => higher thresholds
21
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Excl. Dielectrons

- intro
- selection

- measurement
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- Dedicated L1+HLT triggers

e Selection : similarto p

- Balance in acoplanarity and in E_

- Exclusivity conditions : tracking + calorimetry

104; """" iyl|+||?
F A'y'y—>ee ]
10°E E — Backgrounds } _
CMS preliminary .
10° 5 -
- [ % :
i |
K /
1; 7 =
095 26 27 |2.|8HH2.|9HH:|3 31
acoplanarity ¢

[2]

10

102

107
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Forward detectors around IP5

CMS

CMStracking: 0<|n|<2.5 _
« CASTOR (calorimeter)

CMS calorimetry : 0 <|n| <5

« ZDC (calorimeter)

| [ w1/ i r
e —| | e TOTEM (tracking) T1,T2, RP
Outline — ] L . ..
[ —] g  FP420 (tagging + timing)
MOtIV&tIOﬂS CRYCSTAT _ | - -E.u
CMS fwd det. - [y
ATLAS fwd. det. —— i3
e — =
R&D FP420 -
Early physics T2 CASTOR
Conclusions CVB & TOTEM Col | [ CERN LHCC 2006- 039/ G- 124]

Common physics programme for
CMS + TOTEM

Joint data taking — nominal optics
Compatible TOTEM/CMS DAQ for trigger
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Forward detectors around IP5

CASTOR (¥)
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Motivations
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Early physics
Conclusions
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coiee L HC outer 1ing| e reolimater |
. |

4 m . " FP420
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&
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CASTOR: TRACKING .

(*) First one installed in 2008 4 lm‘ﬂ;“““'-m____x
13/03/2008 Second one in 2009 if funded TOTEM Col | [ CERN/ LHCC 2004- 0"62]%---
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