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Introduction

Why are we interested in central exclusive xc¢ (v, 7, Jj) production?
@ Driven by same mechanism as Higgs (or other new object) CEP at

the LHC. New DO results.

RHIC data

@ ., J/ and v~ CEP has been observed by CDF. . to come (hopefully) soon

— Can serve as ‘Standard Candle’ processes, which allow us to
check the theoretical predictions for central exclusive new physics

signals at the LHC.

@ . p production is of special interest:

@ Heavy quarkonium production can shed light on the physics of
bound states (lattice, NRQCD- - .).

@ Potential to produce different J© states, which exhibit characteristic
features (e.g. angular distributions of forward protons).

@ Could(perhapg shed light on the various ‘exotic’ charmonium states
observed recently.

(star reactions!)

Spin-Parity Analyzer

N Detailed tests of dynamics of soft diffraction kmRr-02)



“soft” scattering can easily destroy the gaps

absorption effects -necessitated by unitarity

gap
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eikonal rescatt: Detween protons

enhanced rescatt. involving intermediate partons
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Standard Candle Processes
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Bottomonium history started 30 years ago
( PRL 39, 242 (1977) and PRL 39,1240 (1977) )

30 years later....
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(BABAR (2008)




(Cannot detect p/pbar. down beam pipe. but BSC — 1 = 7.4 empty)
[ | FsceLHc

— — Cleanest (no S.I.) but smallest ¢
+p—>pt+yy+
p p p // p KMR: 38 pb in our box). 2+1 candidates (more coming soon)

PP —=>pt .t P~ Clean, big o:

% (1 =0)~100 nb (KIMRS)

p +p _>p +Zb +p \ but M(c) small (non-pert) & hadron
p+p—>p+J/+p

/ More perturbative. smaller theory uncertainty

But 6 ~ 1/500™ yc. Also BR’s not known!

Big cross section. but least well defined (jets!)
and largest background. ~ 100 pb for M(JJ) = 30 GeV

Our 3 measurements are all in good agreement

(factor “few”) with the Durham group predictions.

Mike Albrow Exclusive production in CDF: high mass Blois 2009 CERN



We set out to measure exclusie Y.~ Jy+ v— utu-y

N\
BSC very important as rap gap detectors. o w\‘ >
All LHC experiments should have them! P =
L l‘.(}
(Gap Detectors in no P-U events) e,
..L p),
J

& nothing else
in all CDF
T4 < <+74

Beam Shower Counters BSC: 5.2 <|n|<7.4
If these are all empty, p and™p did not dissociate

but went down beam pipe with small (<~ 1 GeV/c) transverse momentum.

Plan to put these (FSC) with CMS
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Mike Albrow Exclusive production in CDF Diffraction Trento Jan 2010
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Forward physics with rapidity gaps at the LHC

M. Albrow. ™! A. De Roeck,” ¥4, Khoze.” J. Lams3a,” E. Moroeok,” Y. Onel,’
F. Drava,” &, Penzo” and WG, Ryskin

Can put scintillators at several z-locations
FSC = Forward Shower Counters

Accessible warm beam pipe
between BMX magnets

Do not see primary particles, but showers in pipe and other material.

Mike Albrow Daffrachion with Forward Shower Counters LHC Dnffrachon May 2010



What we expect within the framework of the Perturbative Durham formalism

(KMR-01, KKMR-03, KMRS-04, HKRS-10)

d2Q 1 P(x(0%))
T = Ax* AL
i [@i[m—m}f{énﬁa_]‘!

A? = 8T (x — 99)/M; *Ky( P{x(0%)) = (@1 — F11)

o Strong sensitivity to the polarization structure of the vertex in the bare amplitude.

Folma, 4, QY. 7381 ) flwa. 25, @, u's 1),

(@ + P21 )

KMR-01

Absorption is sizeably distorted by the polarization structure (affects the b-space distr.)

D Aol -production is especially sensitive to the effects of enhanced absorption

B larger available rapidity interval

KMR-02, KKMR-03,
HKRS 09-10

| lower scale = larger dipole size =»larger absorption
(Gap size for ZC at the Tevatron is expected to exceed that for the Higgs at the LHC)

® Forward proton distributions& correlations- possibility to test diffraction dynamics

KMR-02




CDF y. data Phys.Rev.Lett.102:242001,2009

@ 65+ 10 signal x. events observed, but with a limited M(J /) —
resolution.

@ Possible contribution from .4 and v, states assumed, rather
than observed, to be negligible.

@ Assuming y .o dominance, CDF found:

do(xeon)
dy,

— (76 + 14)nb |
y=0

in good agreement with the previous KMRS value of 90 nb
(arXiv:0403218). Too good to be true ?!

@ But can we be sure that v .1 and y.» events to do not contribute?

] TERESA WRIGHT
- OSEFH COTTEN
) & '




SuperCHIC MC (HKRS-09)

@ A new MC (available on HepForge) including:

@ Non-forward p; # 0 protons via the ‘effective’ slope parameters b.¢.
@ Full simulation of x 1,2) CEP via the x. — J /iy — pt Ty decay
chain.
@ Xp(0.1,2) CEP via the equivalent xp — T+ — 1~ decay chain.
@ More to come...
@ The angular distributions of the final state particles, modeled in
the MC, might help us to distinguish between the different states...

@ ...however the severity of current CDF experimental cuts for .
CEP (pi(p) > 1.4GeV/c, |nu| < 1) appears to preclude this.

@ Diphoton CEP




Yc1 and yq2: general considerations

@ General considerations tell us that y.4 and v., CEP rates are
strongly suppressed:

@ y.1. Landau-Yang theorem forbids decay of a J = 1 particle into
on-shell gluons.

@ Y.2:. Forbidden (in the non-relativistic quarkonium approximation)
by J; = 0 selection rule that operates for forward (p | =0) outgoing
protons. kmr-o1 (A. Alekseev-1958-positronium)

@ However the experimentally observed decay chain
Xe — J/Uy — pT T strongly favours x4 2) production, with:

Br(xco — J/vvy) =1.1%,

@ We should therefore seriously consider the possibility of x.(12) ¢

(R.Pasechnik et al, Phys.Lett.B680:62-71,2009; HKRS, Eur.Phys.].C65:433-448,2010)



Cross section results (1)

@ We find the following approximate hierarchy for the spin-summed

amplitudes squared (assumina an exnonential broton form factor
a [

2 2\2
Vol Vo2 Vaf? ~ 1 ;P2 SPL) )

@ This ~ 1/40 suppression for the \.4 > states will be compensated
by the larger y. — J /v~ branching ratios, as well as by the larger
survival factors S2, for the more peripheral reactions.

@ An explicit calculation gives (for the perturbative contribution):

- pert X1 pert Xz pert
J by dg?{aﬂl ) rwa""f dgk’cﬂ i rwa""f dUXGE

e dy = g dy ©ong  dy

~ 1: 0.6 :0.22

@ Note: these approximate values carry a factor of ~= 2
uncertainty. @



Cross section results

@ As the cms energy increases we have:

@ Larger gluon density at smaller x values.
e Smaller S2, survival factor.
@ Smaller Sfﬂh due to increase in size of rapidity gaps (~ 5;":‘?1%}
available for ‘enhanced’ absorptive effects.
— The combined result of these different effects is that the . CEP

rate has only a very weak energy dependence going from the
Tevatron to the LHC.

o Sezﬂ-: and SEE h accounted for in the integrand

\,f s (TeV) 0.5 | 1.96 7 10 14
T (pp — pp(J /i 4+ ~)) | 0.57 0.89 | 0.92 | 1.0
%Dl—c:— 0.59 | 0.61 | 0.69 | 0.67 | O.71
%2—:3— 021 | 022 | 0.23 | 0.23 | 0.23
T
Differential cross section (in nb) at rapidity y, = 0 for central exclusive y.; production
via the y.y — J/¢ decay chain, @11.111111{3-:1 over the J =10,1,2 cu11t111‘.:11t1-31m at RHIC, Tevatron

and LHC energies, and calculated using GEVO4HO partons.

[ Xe — T, Xe — KK Spin-parity Analyzer ]




Central Diffractive Production of \b

BR{yp — Tv) = (35+8)%
BR(yp — Tv) =22+ 4)%

@ Calculation exactly analagous to y. case with same hierarchy .
However we have a stronger supression in the v, and yp2
rates than for the . case.

@ Larger (Qi) scale gives smaller b.g values, i.e. nhon-forward
effects are less strong, but still important.
@ Significant uncertainties in input parameters:
@ Only have Br(xp — T7) < 6% from experiment ~ (Crystal Bal -1986)
@ [ot(Xpo) EXperimentally undetermined. @

Consistently with the results of NRQCD, as well as the existing
experimental data, we can take the values® '(xp0 — 9g) = 0.8
MeV and Br(ypo — T7) = 3%.

J Ib[np J — DX (about 0.25 of all hadronic decays (CLEO-2009)

FSC@LHCb ?

--!'i: bl ~ eEX (Barbieri et al (1979), NRQCD )

%ﬁ Suppressed non-resonant background — -. mg ;’;‘L{%b



pert pert
FT+, doy,g r’I"+’ d”xm

r“|"‘_|_# do

pert
Xb2 ~

9 dy Yl dy

Mz dy

1: 0.03:0.08

Js(TeV) [05] 106 | 7 10 [ 14
—xwo) [27] 35 | 42 [ 43 | 45
#-0Ga) | - [ 0017 [ 0.021 | 0.022 | 0.022

Table 4: Differential cross section (in nb) at rapidity y, = 0 for central exclusive y g, 0 production
at RHIC, Tevatron and LHC energies, and ecalculated using GEV94HO partons, as explained in the

text.

V5 (TV) 196 | 7 | 10 | 14

= (p — pp(T + 7)) | 056 | 070 | 073 | 0.7
S—;’,}%—}} 0.020 | 0.032 | 0.032 | 0.034
el 0.077 | 0.081 | 0.081 | 0.083

Table 5: Differential cross section (in ph) at rapidity », = 0 for central exclusive yi5 production
via the yp5 — T+ decay chain, summed over the J = 0,1, 2 contributions, at Tevatron and LHC
energies, and call:uhted using GRV94HO partons, as Explﬂuned in the text.



Measuring forward proton angular distributions

KKMR-03

@ For low proton transverse momenta p, ,, we have: [iﬂ < Q) ]

do(0T) /d¢ ~ const.
do(1%)/do ~ (p1, —p2,)° .

do(07)/d¢~ pi,p:, sin°e,

while there does not exist a simple closed form for the . case

@ Note these will receive corrections of O(p7 / {Q?)).

@ These distributions are strongly affected by absorptive corrections,
through their dependence on the proton distribution in impact
parameter b space.

@ Forward proton detection would allow a clear discrimination
between the different J states.

Very topical for STAR@RHIC forthcoming measurements with tagged forward protons
(new HKRS results soon to come).
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Figure 4: Distribution [in arhiteary units) within the perturbative Famework of the difference in
szimuthal angle of the cutgoing protons for the CEP of differene JF &5 stabes st 5 = 14 TeV, The
solid (doteed ) line shows the distribucion inclading (excluding ) the survival faccor, caloulaced using
the two channel sikonal model of Bef. [74), while the dashed line shows the distribution in the small
o limit, using the wertioss of Eqe [3.168]-{3.18] and excluding the survival factor.



(KMRS, arXiv:0409037)

@ 3 candidate events observed jopp T > Eew) Bfml<t
by CDF (arXiv:0707.237), with Ve L oy
more to come. 100 | \

More events would allow us to 10}
probe scaling of o with E... '

Similar uncertainties to v, [
case for low E.;; scale. “IE

Potential |J;| = 2 contributon el i o . . . . . .
. 4 & B 10 12 14 16 15
found to be unimportant. Eow GeV

New encouraging results for (HKRS-2010)
gg — w 0570 background_ (Leading term QCD expectations)

~~ CEP now included in
SuperCHIC.

@  HKRS-results at different energies, E| and 1}~ cuts are now available.

20



Dittractive Physics Program  at STAR/RHIC ]

]

t-Acceptance of Roman Pots

e

Acceptance
I

Central production with
RPs @STAR is taking of.
First pp—pXp data.

Partial wave analysis- soon.
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OPhase I set-up focuses on low-t (installed)

OPhase II covers higher-t range (planned to
be installed in 2013)

April 21 DIS10 Lea



Rich diffractive structure of the cross sections as a function of proton momenta

.2
- b (q}rp]trpjt}

Ongoing HKRS studies for RHIC
energies and kinematics.

Correlations between transverse
momenta of outgoing protons

(0.7.0.7) GeV

¢

Figure 3: The dependence of the survival probability, 52, of the rapidity gaps on the azimuthal
angle ¢ between the transverse momenta F; of the forward going protons in the process pp —
p+ M + p, for typical values of p; and po.

[ Interesting to compare the results for different  Xc¢0,1,2 states. ]




Potentially rich program of CDP studies with the LHCb

CENTRAL DIFFRACTION AT THE LHCb

LHCb IS IDEAL FOR DETECTING AND ANALYSING LOW MASS
CENTRAL DIFFRACTIVE PRODUCTION OF EXCLUSIVE n*=/K*K-
STATES IN:

pp —>p + M +p

glueballs, hybrids, heavy quarkonia: ¥, 1, Excellent particle ID (pion/Kaon
exotic states....

/KK STATES AS SPIN-PARITY ANALYZERs.

separation), vertex and proper
time resolution

HOW TO FACILITATE THIS?

Jerry W. Lamsa and Risto Orava JINST 4:P11019,2009.

25



CDP - background to the dilepton luminometer)

Jerry W. Ldmsa and Risto Orava JINST 4:P11019,2009.

THE PROPOSED LHCb FSC LAY-OUT

ADD FSCs AT 20 - 100 METERS ON BOTH SIDES OF IP8 — THE FSCs
DETECT SHOWERS FROM THE VERY FORWARD PARTICLES.

1 2 & Gy Gy Dy 3 4 g 6 7 g

I_]Llllll'fl:ln

i

Figure 1. The layout of LHCh detectors at the LHC Interaction Point (IP8). The propased Forward Shower

Counters (FSCs) are shown as vertical lines (I to 8) The locations of the dipole (D) and guadrupole (2)
magnet elements are shown as green (dark) and yellow {light) boxes.

Disclaimer : up to the experts to deliver a verdict %



Conclusion

@ CEP processes observed at the Tevatron can serve as ‘standard
candles’ for new physics CEP at the LHC.

@ Possibility that yv.4 and y.» CEP may contribute to CDF v, events.

@ Cannot currently distinguish states, but may be possible with:
@ More detailed analysis and/or higher statistics.

@ Forward proton detection.
@ Different decay modes, y. — nn, KK, pp.AA.
QD X h , dijet, diphton CEP- rich program of studies at the LHC; promising potential of LHCb.

@ New STAR@RHIC results on CEP with tagged forward protons soon to come. TG
Prospects of CDP studies at ALICE & LHCb

Currently active studies are in progress (both in theory and experiment).
X
%3 ’










UINCERFAINNES

N(N)LO- radiative effects (K-factors etc..)

...possible inadequancy of PT theory in o, , R.Barbieri et al-1980
‘ ‘Right’ choice of gluon densities, in particular at so low scales as in the ¥/ c case
( potentiality of a factor of ~3 rise for the H-case ) .

Complete model for calculation of enhanced absorption.

Zb -experimental widths, decays...

' Unknown Unknowns |

m  Non- pQCD effects in the meson characteristics.
Currently no complete description of heavy quarkonium characteristics.
‘Two gluon width does not tell the whole story.’

B  Gluons at so low scales, surprises are not excluded at all.

%&g [FAcior 01 S Uprer dewn

(@t best)
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Eewe | MRST99 | MSTWOSLO | My, | MRST99 | MSTWOSLO
vs =7 TeV D 133 630 10 276 1350
10 7.32 25.1 20 15.0 53.6
15 1.15 3.31 30 2.39 7.09
20 0.274 0.697 40 0.60 1.55
v's = 10 TeV D 156 849 10 322 1860
10 877 35.0 20 17.8 4.4
15 1.43 4.71 30 2.94 10.0
20 0.34 1.01 40 0.737 2.23
Vs = 14 TeV D 184 1140 10 a7s 2470
10 10.8 48.7 20 21.7 102
15 1.77 6.71 30 3.09 14.1
20 0.437 1.47 40 (0.934 3.21

Table 8: Central exclusive «+ production cross sections (in fb) at different LHC c.m.s energies for
different values of cuts on the E| (> F_,) of the final-state photons and the invariant mass My
(= Muin) of the diphoton svstem, in GeV. The photons are restricted to lie in the centre of mass
rapidity interval |5, | <2.



» A clear way to resolve the issue of J. spin-parity identification will be
be to search for the two-body decays:

Br(y., —mn,K'K )=13% Aale @ Ll Br(zy., —»ra. K"K y=0.3%

Br(y, - pp)=2%10" Br(y, = pp)=6.6¥10" Br(y, > pp)=6.7*10"
Br(n, = pp) =0.13%

o Tagged forward protons: spin-parity ID of old and new heavy meson states,
detailed tests of absorption effects
@ With sufficient statistics of vy CEP, the measurement of the ratio
(1) o(77)

can be quite instructive (the same mass range, various uncertainties cancel).



Are the early LHC runs,
without proton taggers,
able to check estimates
for pp 2> ptA+p ?

gap

gap

KMR: 0802.0177

Possible checks of;

2\
(1) survival factor S2: / >

#(A+gap) evts




Exclusive yy Production

| Phys.Rev.Lett. gg,242002
{z07) 4

2 events are good Yy candidates
1 event is good n°n° candidate

E{(y) > 5 GeV
n(y) [< 1.0

May o7, 2010 Christima Mesropian "Diffraction@LHC" 31



Exclusive Dimuon Production

Many Physics Processes in this

data:

Christina Mesropian "Diffraction@LBEC

>P y+IP—=J/w — u u

Jiy p 7
.

= |
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Exclusive y .—J/y(

Pl 2ga00 (2005) => Allowing EM towers (E;>8o0MeV)

o 7oL
: F . ;
B (117286 D352 = +66 events large increase in the J/y peak
aso ||+ minor change in the y(2s) peak
ﬂ'EHu:':— Allow extra EM tower
o1 | l
: 12 = t :
20 | | -l T =V Evidence for
Fi x.—J/y+y production

O 571 32 33 34 35 38 37 38 3g 4
M) (GeVic)

do/dy| -, =75+ 14 nb,

compatible with theoretical predictions
160 nb (Yuan 01)

90 nb (KMRO1)

Way oy, 2010 Christina Mesropian "Diffraction{@ LHC" 35



Diffraction with Forward Shower Counters F'SC

Mike Albrow, Fermilab

What: We propose to install a set of scintillation counters around both
outgoing beam pipes at CMS, ~ 60m — 100 m

Why:

( (a) As veto 1n Level 1 diff. triggers to reduce useless pile-up events
(b) To detect rapidity gaps 1n diffractive events (p or no-p).
(c) Measure “low” mass diffraction and double pomeron exchange.

(d) Measure G (1f luminosity known, e.g. by Van der Meer)

L7 < (e) Help establish exclusivity in central exclusive channels
(f) To monitor beam conditions on incoming and outgoing beams.
(g) To test forward flux simulations (MARS efc.)

\_ (h) Additional Luminosity monitor.

Also: They may provide valuable tests of radiation environment
to be expected for HPS = High Precision Spectrometers

Mike Albrow Dhffraction with Forward Shower Counters LHC Daffraction May 2010



Central events (0-bias trigger) with forward rap-gaps
(FSC, ZDC, CASTOR, HF)
studied for generic Double Pomeron Exchange processes (~ 0.1 mb)

Low mass DPE: HE VETO HE VETO

FSC hits FSC hats
y— |
STATE *f*’
Even without seeing quasi-elastic protons, fﬂit‘p
gaps >~ 4 umts select DIP E

Mike Albrow Daffraction with Forward Shower Counters LHC Duffraction May 2010



Central Diffraction at the LHCb, Lamsa and Orava, arXiv:0907 3847 (JInst)

The same 1dea:
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Mike Albrow Dhffraction with Forward Shower Counters LHC Duffrachon May 2010




