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Overview

> Introduction:
— Low-x PDFs (proton, nucleus)
— Exclusive QQbar as a probe of small-x PDFs
— Electromagnetic (Ulira-peripheral) A-A collisions (RHIC, LHC)
» UPC AuAu-(y Au)—J/¥ Au* in PHENIX (RHIC)
— Experimental setup, trigger.
— Preliminary results.
» UPC PbPb-(y Pb)-Y Pb* in CMS (LHC)
— Theoretical cross-sections for signal (Y) & background (yy—e*e’, uw)
— Trigger considerations: L1, background rates
-Y-ete, U acceptances & efficiencies
— Mass distributions for Y signal + €€~ background
— Expected dN/dp,, dN/dy, dN/dm_ for [&£ dt =0.5 nb”

» Summary
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Parton structure at low-x

> DIS ep collisions probe partonic distributions in the proton:

@ = “resolving power”
y Worz) Bjorken x = momentum fraction carried by parton

intermediate boson

Q X e T 22y F1 + 2(1 — y) F2]
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Pt P g (0> F.,F, = proton structure functions.

» HERA: strong rise at low-x of F,(x,Q%) ~ sea-quarks, dInF,/0lnQ* ~ gluons

HERA F,
E “6.32E-5 __n anaioe H1+ZEUS
= | A1y amtoulst E= ZEUS NLO QO 6 —
=0 wk !Jf T=ALIHI1253 L) r -
= !,r‘ LA cennmad —— Hi FDF MM N o L Q2—2D GeV? H1 NLO-QCD Fit 2000
S . A."l;‘ !!4' e AL DIHKS - 20 - kP cy -
[ 5t _f )%— 'T-ntmﬁ LI ETEE T el r xg=a*x *(1-x)7* (1 +dx+ex)
. _f.)(: ."..*')a?;/- =3 & HLE Cprel.) W00 ‘-55 F FFN heavy-quark scheme
e e & s-naod = ZEUS SGm7 “ 175
. _('{-.-. 2

Q*=200 GeV? [ ] total uncert.
Il exp. uncert.

= CDMs

RN
| L ]

e TDAIREZ Hanc 15 i_
i ZEUS NLO-QCD Fit

L,

=L IM] - ”’
e i-"'" - %) {Prel) 2001
- = — ) T 12.5 N ’/;, L
3 ,ﬁf-{.d-. “..-ﬁ = r ,,"’ xg=a*x *(1-x)
e ‘:"q-'.). T - % RT-¥FN heavy-quark scheme
& — — L UL R = ”,"
oL - - r =
: ::(""—-"'_H ; T 10 "4"' 221 exp. uncert.
= ; i e g Em - %,
. p—— - %
= : . :rv-“"!""-.H I'—'""‘r""%{"__ mOaEz 7.5
R e e a L
D e EeRBg-m_g xmCLIE [
e A w2 x=OL13 S5
B e f- S R SRR T L
e - =B neg—i E-—n.zﬁ 2.5 ;
L - a=thd L
— A=Ak ES L
| L L A
F I PR TIYY SRR TTS RS A R P NPT N 0 -3 3 ) 1
1 10 1w i w®t w® 10 10 10 10 x

QY GV . .
Photon’ 3/25 David d'Enterria (CERN, PH-EP)



Experimental probes of low-x PDFs

> Perturbative processes:

N ﬁg i — CTEQ6.1M
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Proton PDFs at low-x

> Kinematical (x,Q?) domains
covered experimentally:

IIII| T T T IIIII T T I.II| IIIIIII
. D@ Inclusive Jets [n)| < 3, present measurement

(RN

> xG(x,Q?) poorly constrained for
x<10*, by existing (F,) data !
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Nuclear PDFs at low-x

> Kinematical (x,Q?) domains
covered experimentally:

~10%E
o g Nuclear DIS & DY data:
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» Most low-x nPDFs measurements
In non-perturbative regime
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> Nuclear xG(x,Q?) basically
unknown for x<1073 |

Ratio of gluon densities in Pb to p

Lol L Lol L L1
10° 102 10"
X

Armesto, J.Phys.G32:R367 (2006)

David d'Enterria (CERN, PH-EP)



xg(x,Q?) via diffract. QQ y-production @ HERA

> y+pO VM+p (VM=J/W,Y) sensitive to gluon distribution squared:
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Photoproduction in UPC A-A at the LHC

> High energy heavy-ions produce > Equivalent flux of photons in EM
S’[rong EM fields due to coherent Ultraperipheral (bminN 2RA ~20 fm) AA:

action of Z = 82 protons:

v~C

> Photon fluxes:
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o(yA)~@5(~1O4 for Pb), a(yy) ~ Z* (i.e. ~5-107) times larger than e* beams !
> Very low y virtuality (y wavelength > nucleus size): 0> = (o° /Y +47) < 1/R3 ~50 MeV

» Max. y energies: ® < Wy m@ , E

» Max. center-of-mass energies:
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_~80 GeV (PbPb-LHC)

ym

YA:max. Vs, ~1.TeV ~ 3. - 4. x Vs _(HERA)

yy: max. vs  ~160 GeV ~vs_(LEP)
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xG(x,Q?) via QQ y-production in UPC

> y+AO VM+A (VM=J/W,Y) sensitive to gluon density squared:

2
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> Unexplored (x,Q?) regime of nPDFs:
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RHIC (preliminary) results
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Au-Au UPC in PHENIX: yAu OO0 J/¥(- e*e)+Au*

PHENIX Detector

> DC + PCs: Full central-arm ) o, e

charged tracking (e* momentum)

Beam View

‘Y_
PH>ENIX

» BBC veto: Rap-gap (3<|n|<4) .
» ZDC: Forward neutron detection |||| ||| ||
(Au* dissociation) St e Vw
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Au-Au UPC results (I): dN/dm. e*e" pairs

» dN/dm_ (backgd subtracted) & with 2 fits of expected e*e” continuum

shape (normalized at m__ = 1.8 — 2.2 GeV/c?)

—~14
o P“i“?jl‘;:k‘;;g;j,?f;’;;:‘;aim, Expected signals (STARLIGHT MC)
O ' Jry
‘E '.‘ [ ee coherer:t contirfuum TH i ]
X F £ v > 5 | (el <05 mfe)i <05
T g ; o o . W Experimental J/¥ width
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of —— oy Wil ee yAd J¥O ete
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m,, (GeV/cY) [J.Nystrand, NPA 752 (2005)470c]
\ [DAE, nucl-ex/0601001]

Shape of e*e” continuum obtained from theoretical input + full-MC resp.+ reco
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Au-Au UPC results (ll): dN/dm, dN/dp_, do/dy

[DAE, nucl-ex/0601001] > dNee/de peaked at p,~90 MeV/c

- i . 2 F
» dN/dm_ _ (e*e continuum subtracted): £ o P—
LS r Flog) = sin(R*p;) - R*p,"cos(R*p,)
10 _é.‘ (R*p,)’ * (1+ajpd)
: —V—— PHENIX AuAu UPC S}Jﬁ =200 GeV %ﬁ Au distrib.: R = 6.38 fm, a; = 0.54 fm
L PH>>>“\%E NIX 3 A= 1300.0 = 54.3 {*INDF= 51.9/32.0)
# e'e (coherent continuum subtracted)

PHENIX Preliminary
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(=]

6
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+ 18.(syst) pb

» Current large (stat) uncertainties

#f * + + Pﬁr{“ﬁi& preclude yet xG,(x,Q%) constraint

1 2 3 4 5 6,
m,, (GeV/c")

UPC Au+Au— J/¥ + Xn @ 200 GeV:

= @ FPHEMIX Praliminary
80 ‘Starlight', J. Nystrand [27]

= = -—-  M.Strikman et al. [21], coherent
TOE. 000 [ s M. Strikman et al. [21]. incoherent

daldy (1 b)

60F
50f

J/Y peak & width in good agreement o

30L

w/ theoretical input + full MC resp.+reco "
m., ~ 3.097 GeV = 130 MeV m§ \
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Y photoproduction in CMS

(full simu+reco results)
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SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PbWO, HCAL Plastic scintillator
Crystals copper
sandwich

IRON YOKE

TRACKERs

TN

W
v

goooooo

: Silicon Microstrips :

EPiXeIS g Ellllllll:llllllllll|||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

: Drift Tube Resistive Plate  :
: Chambers (DT) Chambers (RPC) :
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Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

strips

RN RN RNy

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

S&LERRRRRRNNNNR

Tannnnnnnm
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e* and pu* measurement in CMS (|n|<2.4) @]

Tracking + ECAL + muon-chambers
\ |
f ] ] I
0m im 2m am
Key:
Muon
Electron

Charged Hadrgn (e.g. Pion]
— — — - Neutral Hadron (e.g. Neutron)
----- Photan

Silicon
Tracker

]| I

Hadron Superconducting _ E

Calorimeter Selenoid 1 §

Transverse slice O it Moo charmbors i(H

through CMS = |3

Si TRACKER CALORIMETERS MUON BARREL

Silicon Microstrips ECAL HCAL Drift Tube Resistive Plate

and Pixels PbWO, Plastic Sci/Steel sandwich Chambers (DT) Chambers (RPC)

Photon'07, Paris, 10/07/2007 16/25 David d'Enterria (CERN, PH-EP)



@

Downstream1* beam separator
dipoles (140 m from IP5)

ZDC

» ZDC = tungsten+quartz-fibre sampling Cerenkov calorimeter

with HAD and EM sections:

lm

l2.5cml

EM Section _ﬁﬁ _
Luminosity

Detector

Hadronic
Section

beams
» ZDC: forward neutral energy (n,y) detection:

REZ2

RP1 R 3
c1 Qa2 a5 D1 TN \ 02 o4 o5 J as
TAS T ] [ e 1] e OO0 — ———— O &—#—=-—=—x2I01r1 & &[0
PS5 ——— = ] == =
‘B e 200 ' ' t
CMS IP
T1/T2, Castor ZDC RPs@150m RPs@220m
5.32 < |n| < 6.86 Acceptance (neutral):

B<~(5.cm) /140.m <~400 prad
Inl > 8.3, p,< O(2. GeV/c)
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Input MC: Y signal, £+£ backgd. cross-sections

> Input MC: STARLIGHT [J. Nystrand, S.Klein, NPA752(2005)470]

Signal Background .
Pb ! Pb

Pb

. Pb"
Pb Pb 1 Pb l
b
Process T ot Txn TXulkn Process Yo ee Yy i
PbPb— yPh— J/+X 32mb 87mb 2.5mb a(miy > 1.5 GeV/c?) 139 mb 45 mb
PbPb— yPh—-T(1S)+X [[73ub  T8ubl 25 ub Ty > 6.0 GeV/c2) | 2.8mb [.2 mb

> Trigger: ~50% of UPC interactions with nuclear breakup (fwd neutron emission)
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Input MC: Y signal distributions

» STARLIGHT Upsilon p,, rapidity distributions: CMS e®,
acceptance
T10°E 3 i
3 i PbPb (=7 Pb) > Y Pb ;,?12:_ PbPb(57Pb)5YPb Yo I'T L PbPb (5 7Pb) > YPb Y5 I'T
‘ihwz Y ST % -
3 | i
i . ) o
1 , diffractive peaks il -
: / (nuclear form factor)
06— N
107 ‘
0.4_— L
102F M 02— -
| HHH | | | Loy : L :‘ e
8

0046304 04 05 08 07 08 881 . . _

PT(GeVIc) y [Y) y
Peaked at very low p,
p,~2hc/R~ 50 MeV/c

(“coherence condition”)

Y centered at midrapidity ~ Decay leptons also well
(narrow do/dy) within CMS acceptance
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Input MC: £+£-backgd. distributions

» STARLIGHT dilepton continuum mass, p., rapidity distributions:

PbPb (—»v7y) -

power-law like
mass spectrum

10%E

peaked at

low p, too

Photon'07, Paris, 10/07/2007
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lepton pairs centered
at midrapidity
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(=]

iy

Y v — ete-

But most single
leptons fwd
peaked.

.. Outside CMS
E'a., acceptance !

20/25

1 o H H H
m‘ll\l\l\‘l\l‘
ke

y (single [)
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UPC Level-1 trigger: signature & rates

> Use of following L1 primitives:
- Veto ("OR') on simultaneous activity in HF+/- (3<|n|<5): 1 or 2 rap-gaps
- Neutron signal in ZDC+ or ZDC- (|n|>8.3): nuclear breakup tagging
- Isolated ECAL tower above 3 GeV: Y decay electron
- Signal in muon RPCs (|n|<2.1) or CSCs (0.8<|n|<2.4): Y decay muon (>4 GeV)

> 2 UPC-L1 triggerS:UPC—mu—Ll = (ZDC+ .OR. ZDC-) .AND. (HF+ .OR. HF—-) .AND. (muonRPC .OR. muonCSC)

UPC-elec-L1 = (ZDC+ .OR. ZDC-) .AND. (HF+ .OR. HF-) .AND. ECALtower(E>2.5 GeV)

» L1 trigger (background) rates (&£ = 0.5 mb's ™) ~2 -4 Hz

Nupc—y = (L)X TpppposyphsrX BRT =11 17) = 0.5 mb~'s7! x 0.078 mbx 0.024 =|0.001 Hz
'IEFPI?PE?—ED—FCG.‘}'}?I!E(:‘—I?HCkgd = 2 JJ\"“;r,iﬂ'f:'.’:'f:'—E.-E?-' X hrp—cosmit‘ X grm'g = 105 Hz < 180 Hz x 10_8 s= (0.2 Hz
Npopb-periph-backgd = (L)X Tror PbPb X Eperiph X Enigh—pr ufe = 0.5 mb~ s~ x 8000 mbx 0.05% 2-10>~ 0.4 Hz

Nyy-embackgd = (L)X Tyymsete X€highpre = 5-10* em™*s™' x 107" em® mb™! x 139 mbx 0.01 = 0.7 Hz

N __ ~ (other diffractive y-Pb, IP-Pb, yy = X hard processes)~ 2 Hz

other
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Fully reconstructed Y distributions

» Input & output Y rapidity and p. distributions:

electrons muons
z | 2 2000 i
3 1000 input Y — ete- £ oo input Y—uwt- Better acceptan
v LF
% 800 Better 3 1600; at |Y|~2
: 1400;
s00l- acceptance 1200?
i _ B 1000[ - B
b at y=0 aoo] at y=0 (lowest
i so0f- muon
200— :5 400~
i 2000 nentum)
"-574‘44 32T e T T TS I T R R 4 5
y y
_g_p-1o4 ? §_~—1|:r‘E
e Y — e+e- £ T Y — pp-
ToL Tr
g g
I Very|similar reco mpmentum
10° = 10° '
- P, responses — slightly \boosted.
107 102 :
ci 01)2004006008 o1 0120140‘160‘18 0.2 (;i 5.02'0.04°0.06°0.06 0.1 0.120.14°0.16.0.18 0.2
P, (GeV/c) P, (GeV/c)
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Mass distributions signal+background

> Signal+background mixed according to relative cross-sections & BR:

Nisspnat T PhPh—yPhoT X BR(T = [T7)
— - — —~0.35% (0.15)% for u*u~ (e*e) .
Nonsinuiiin O-Pbpb—}y}'—}ﬁ'f_(”'!f.'n-' =6.—-12GeV/c")
DdE, A.Hees, CMS-AN06-107

S PbPb UPC - 5.5 TeV - 0.5 nb"! ‘f;.g 250 PbPb UPC - 5.5 TeV - 0.5 nb™
2 300 —— YPb> Y (—e'e) 2 —— yPboY (= u'w)
= -
8 : ---------- ’Y 'Y % e e 8 200 ----------
2501 B
Q = Q2 +
E L + = Y |:|
< 200 YL ete @ 150 M H

T

[STARLIGHT model. Full CMS sim+reco]

150 S/B~1
- 100
o S/B~0.8 S | LIy S : | - |
50 :_ [STARLIGHT model. Full CMS sim+reco] H J[ 50__ ‘\; ‘H + J(

- tracker+ECAL tracker+p-chambers
07 | II7|§ B Bl‘ - élél | ‘9“ | H9!5H | I1|0I | ‘1|(;.|5| | I1‘1‘ | I1I1‘..13‘ | I12 nrl I II7|§ - Ialal | HslsI - ‘9“ - Iglr‘)‘ | I1|[)I | ‘1|0|_|5| | I1|1I | I1|1|_‘5I | I12
m,... (GeVic?) m,.,.. (GeVic?)
Peak position: ~9.35 GeV/c? Peak position: ~9.52 GeV/c?
Mass resolution: ~150 MeV/c? Mass resolution: ~90 MeV/c?

» Excellent m  resol.: higher mass bb states (Y',Y" not yet in MC) can be resolved
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Expected Y yields (PbPb 1-“year” luminosity)

» Backgd. subtracted dN/dm_ for [ &£ dt =0.5 nb™" PbPb-5.5 TeV (t=10° s)

(error bars = expected stat. uncertainties)
DdE, A.Hees, CMS-AN06-107

&5 wnl = F

2 0 PbPb UPC - 5.5 TeV - 0.5 nb"! L 7O PbPb UPC - 5.5 TeV - 0.5 nb"!
g 60 :_ [STARLIGHT model. Full CMS+5i mmmmmm ] g 60 ; [STARLIGHT model. Full CMS sim+reco]
S = YPb—>Y (—e'e) S YPb—>Y (su'p)

g ; g

i, YO ewe| &

S S

Hy | i
H ﬁ \ | H.ﬂﬁw il Wﬂu

| | | | { ] ] 1111l {] | | 111 { I | I it =] [ | ‘ Y { R | 111
85 9 95 10 105 M1 1.5 12 7 7.5 8 8.5 9 9.5 0 105 11 M5 12

2 m,_, . (GeVic?)
m,,.. (GeV/c) e

)

H-

oy M

i

|
7 75 8

» Syst. uncertainties (dominated by backgd. subtraction, +5% lumin.): ~10%
> Final total rates : N(Y [ e*e,u*p) ~ 500+20(stat)+10%(syst)

(x30 integration around mass peak)
» Enough stats. for detailed studies (including y-dependence) of gluon PDF
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Summary

UPC = HE photoproduction studies: Exclusive QQ y-production:
|
E
7 7 Pb
ze T o X
A VWY = X +
AN
‘_
N Ze
v~cC z Z pLj;
I
g | T e || RHIC J/Y preliminary:
Nuclear xG(x,Q?) plane: ol £ o s Y
g - [ High-p, trigger threshold region
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Backup slides
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» UPC A+A collisions generate high-energy y beams for photoproduction
studies: y+y, y+p,A physics as done at LEP & HERA.

» Unique access to nuclear xG,(x,Q?) at small-x [Gluon saturation, non-linear QCD]

> Quarkonia UPC measurements at RHIC:
> Trigger: forward neutron tagging (A* dissoc.), rapgap, GeV-dileptons at y=0
> Good theoretical description of J/¥ (pQCD) & high-mass e*e” (QED)
> Prospects for LHC:
> Unexplored kinematic regime (up to 10xvs, HERA, 2xvs LEP, x~10%, ...)
> Very large hard-probes rates. Excellent detector coverage.
> High sensitivity to PDFs at small-x.
» Study of PbPb—(y Pb)—>YPb* at 5.5 TeV with Y—>e*e", p* in CMS as a
tool to study low-x gluon density & evolution in the nucleus.

» Trigger considerations: ZDC neutron-tagging, L1 primitives, background
rates, HLT strategy.

> Full CMS sim+digi+hit+reco chain. Input MC (STARLIGHT) for expected
Photon'07, Paris. 10/07/R007 1 1'lAamt~n ~~rdtint im 2 EeS Al vt 1A DhDh_»(\AlDﬁ’I;kd\cLEer[E?Ir@\ERN’ PH-EP)



xG(x,Q?) via QQ y-production in UPC

> y+AO VM+A (VM=J/W,Y) sensitive to gluon density squared:

2
O' ) (S ) do-“;‘f\-r—ﬂ’fj\r(S“,-'N) GA (Ila X3, t= 0? Qgﬁ) Pb
VAL dt t=tin AGN(;I,’-L Ia, [ = 0, Qgﬁ)
Strikman, Frankurt, Guzey et al.
Large cross-sections at the LHC PE
= Authu - AurAurdy el = 40
4 o =
° 10 T ~35 F  Pb(X)Pb Larger
3 el f = 30 F :
10 AuAu ;//e’ %o E suppression
PbPb -
RHIC \ » =
102 \’{:;, LHC ig : expected
o : due to gluon
10 / * Total 10 E _
/ | 5 F saturation
1 o With Coulomb breakup E -y o ow 5 e
1 4 2 0 2 4 effects
. i
10 : 0 0 o Impulse: o=133mb
V8, [GeV] LT shadowing: c = 78 mb
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PHENIX experiment at RHIC

» dN/dm. after e*e continuum subtraction

electromagnetic PHENIX Detector

«

calorimeter

beam pipe
PP (EMCal)

|

Zero- :eam- S Drift Chamber,

Degree eam Pad Chamber, I
Calorimeter Counter RICH " Beam View
(ZDC) (BBC)
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Parton (x,Q?) evolution at low-x

» Q2- DGLAP (parton branch.): F,(Q?) ~ a In(Q*¥Q2)", Q2~1 GeV?
» x - BFKL (parton emission ordered in p,): F,(x) ~ a_In(1/x)"

> Linear equations (single parton radiation/splitting): cannot work at low-x

(i) High gluon density : nonlinear g-g fusion will balance parton branchings
(i) pQCD (collinear & k) factorization should break (no incoherent parton scattering)

(iii) Violation of unitarity even for Q>>>A? (too large perturbative cross-sections)

Y =in 1ix} > Gluon-gluon fusion balances parton

branchings below “saturation scale”:
g/ Q.2~[1GeV]>e¥ (LHC)

— » Enhanced in nuclei (A"?~6) :

Dilute system ng N [5 GeVZ]e(O.3y) (LHC)

» CGC = effective-field theory describes
A — hadrons as classical fields below Q..
[0 n(0%)]" > Non-linear JIMWLK/BK evolution egs.

David d'Enterria (CERN, PH-EP)
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LHC PbPb: low-x nuclear PDF studies

> PbPb @ 5.5 TeV, pPb @ 8.8 TeV:

(i) Very high Vs O x.=2p./s ~ 102 ~30-45 times lower than AuAu,dAu @ RHIC !

(ii) Sat. momentum (A'3~6 enhancement factor): Q.2 ~ [6 GeV?]-e*%Y)

(iif) Very large perturbative cross-sections. Armesto, J.Phys.G32:R367 (2006)
< F Nuclear DIS & DY data: Ratio of gluon densities in Pb to p:
2 10°E  RHIC data (forw.m)  ®NMC (DIS) o T
N P Pt o 5 | 2
C10°E = PHENIXh (=18) 4 EMC (DIS) 0 99 =
= ¥ FNAL-E772 (DY) ey i
10°= Hos
- UPC PbPb - Y o
102 lyl<2.5,\[syy = 5.5 TeV 0.7
; [ 7 1 1 I |
10 E 0-6 Frankfurt
1 E perturbative ?
i AA .................................. os |
10-1;— AAA eA A o4 |
E N y p E rew HIJING
10_27HHI| | IIIIIII| | IIIIHI| | IIIIIH| | I\I\Il\l | I\IHH‘ [N 0.3 _75 I I |||74 i f o, "HI,3
10 10° 10* 10° 102 10" 1 ° 0 e
X Nuclear xG(x,Q?) basically
DJ'E,J.Phys.G G30 (2004) S767 unknown for x<103 |
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UPC HLT trigger strategy

> Allocated UPC bandwidth in HLT:
2.25 Mb/s (1% total) = 1 — 2 Hz for UPC evt. size 1 — 2 Mb.

> Required L1— HLT reduction factor: ~ 1 — 4

> Application of one (or more of the) following HLT algorithms:
(i) Verification of L1 elect./muon candidates (clean hadronic background)

(if) Evi. vertex within z<15 cm (remove cosmic bckgd.)

(iif) Low total transverse momentum (p,<1 GeV/c removes most non-coh. prod.)

(iv) Back-to-back dielec./dimuons (HLT GlobalCalo and GlobalMu objects)

> If just condition (ii) is enough to reduce rates, one will be able to
analyse offline other interesting diffractive processes too.
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CMS muon system

> 3 types of gaseous particle detectors for muon identification:
- Drift Tubes (DT) in central barrel region
- Cathode Strip Chambers (CSC) in endcap region

eta=0.8 RPC 1,

D precise measurement of
muon position (momentum)

- Resistive Plate Chambers (RPC) in barrel & endcaps [ | fastinfo for LVL-1 trigger

(TTTTYdl-4
3-+W/1T

Meantimer (LTT VA2
recognizes  1-=-/ITIIIT
tracks and form vector/quartet

Photon'07, Paris, 10/07/2007

Cathode Strip Chamber
| |
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" wires

Comparators
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give 0.5 strip
resolution
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o Drift Tubes (DT) in central barrel
« Resistive Plate Chambers (RPC) » Cathode Strip Chambers (CSC)
in barrel and endcaps in endcap region
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Cross-section predictions: UPCyPb [1 Y

> Model predictions: Pb(y,X)Pb
L

Pb

[Starlight: J. Nystrand, S.Klein, NPA752(2005)470]

&
[Frankfurt, Guzey, Strikman]

Process Ttor TXn TXnXn
PbPh—yPh—J[y+X _ 32mb_87mb 2.5mb Impulse: G =133 mb
PbPb—- yPb->T(1S)+X | 173ub | 7T8ub 25 ub LT shadowing: c = 78 mb

[similar calculations by Machado-Goncalves et al.]

> Note: ~50% of UPC interactions have soft EM interactions leading to nuclear
breakup w/ fwd. neutron (Xn) emission (important for triggering)
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UPC full CMS simulation analysis
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Acceptance x Efficiencies Y

» Efficiencies-acceptances versus y and p. :
» Total Acc. x Effic. : ~21% (u*u’), 30% (e*e’)

YO ete
YU pp

Efficiency x acceptance

0.2

Acc x Effic(p;) ~flat vs p;

Better for electrons (higher yield at y=0

where EMCAL is more efficient)

Photon'07, Paris, 10/07/2007
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1

efficiency x acceptance

-
2

37/25

10_2 lJ_: |

w

Electron and muon analyses have

complementary rapidity acc. x effic:
wrw: ~60% at |y|~1.5-2.5
ete: ~60% at |y|<0.5
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R CMS-TOTEM acceptance

» HF,CASTOR,ZDC + TOTEM: Quasi-full acceptance at LHC
[5.2 < n < 6.6]

2 :
| ' CASTOR

(z=+140 m)

ZDC [n > 8.3 neutral]

> Detection capabilities within n < 6.7 (and n > 8.1, neutral).
» Strong AA-UPC and rapidity-gap physics possible
» Hard scatt. measurements (jets, DY) possible at x~10+*-10%in pp,pA
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Photon beams at the LHC

> High energy heavy-ions produce strong EM. : EZ ’
fields due to coherent action of Z = 82 protons: mgy\, = :Q + X
V‘_ Ze 7

> Equivalent flux of photons in EM (aka. Ultra-
Peripheral, b .~ 2R, ~20 fm) AA colls.:

wrdN(w)/dw

dN. oy 22 1
_Y(b - bmin) = 1

5 12~ [2xKo (WK1 (3) — 4 (KR(x) ~K3()]

o’k LHC
I eRHIC+600

502:—

10

RHIC

o

> Photon beams: , RSP R
w(MeV)
Flux ~ @~7-1O3 for Pb). a(yy) ~ Z2° (i.e. ~4-107) times larger than e* beams !
“Coherence condition” : y wavelength > nucleus size = very low y virtuality

@ = (‘502 /Y + qi) < 1/R; (where yis the beam Lorentz factor),
1
® < O ;andg) < = ~ 30MeV. Max. yenergy: Eymax ~ 80 GeV (PbPb-LHC)

Center-of-mass energies: YA:max. vs ,~ 1. TeV ~ 3. - 4. x Vs _(HERA)
yy: max. vs  ~160 GeV ~vs_(LEP)
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Trigger efficiencies Y

» Momentum threshold cut >3 GeV/c at |n|<2.5 for e* (and also effectively p*)
removes significantly the continuum pair background without Y loss:

‘ decay_asymm ‘ ‘decay_asymm‘

T F T [
2 b - 2
> Y—-e*e s yw—>ete
£ No cut g 10
@, 3 o
> £
O o
= 7]

10° g

Eccal” 3 GeV cut

10 Ecca >3 GeV cut

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05/ 06 07 08 09 1
o = |E-E,I(E-E,) o = |E -E,|(E +E,)
~ o 1 .
€ 0ss~3-5% of Upsilon ~80% of lepton pairs removed
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Y A : Hard central production

» Quarkonia: y+AQ J/W,Y+A very sensitive to

. . o) Pb+Pb—J/w+Pb+Pb at LHC
nuclear gluon density at small-x: i ) No.shagowing
Perturbative process: 2 ' '
©
o(W/wY) ~ [XG(x,Q?)] | e
: FGS shadowin
~30% reduction of G(x,Q?) O 0.5:0,,,. e
Even stronger suppression expected o [FGS: Frankfurt et al. 2001]
if gluon saturation (CGC) e R S
y
> Dijet: via gluon exchange (well described in QCD & tested @ HERA)
Wider range of Q? than QQbar. e %q"ﬂ'ﬁ
Photon-jet (~1% of dijet rate) has clear signature i e

ttbar possible in pA collisions (measure charge of top quark) é—*—
A

» Triggering in UPC processes only possible w/ ZDC neutron-tagging.
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Muon reconstruction

* Best muon spectrometer
at LHC (CMS)

* Excellent coverage:
~5 units of rapidity, 21

* Strongest magnetic field:
4T, 2T (return yoke)

*Tag from mu-chambers,
momentum resolution
from Silicon tracker

RN m:::
I

- \ \ \ * Ecal + Hcal + Magnet
SR iron absorbs hadrons

° Barrel: p;*>3.5GeV/c
* Endcap: p* > 4.0 GeV/c
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