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Introduction (why we are interested in CEP processes?)

‘Diffractive Higgs’ revisited.
Standard Candle CEP processes.

CEP as a way to study old and new heavy resonances.
CEP through the KRYSTHAL eyes (new results, selected topics).

» Diphoton CEP.

> Dimeson CEP.

SuperCHIC MC.

Summary and Outlook.



Introduction (wWhy we are interested in CEP ?)

Why are we interested in central exclusive x. (xp, 77, jj) production?
@ Driven by same mechanism as Higgs (or other new object) CEP at

the LHC. DO jj- results. LHCh X¢

@ Y, jj and 4~ CEP has been observed by CDF. CMS RHIC data expected

— 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 quarkenium preduction 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).
@ Possibility to shed light on the various ‘exotic’ charmonium states
observed recently (X,Y.Z) charmonium-like states.

Spin-Parity Analvzer (KMR-00, KKMR-2003)

9 Detailed tests of dynamics of soft diffraction (xnr-02)



‘Diffractive Higgs’ revisited (Marek’s talk)

Prospects for high accuracy (~1%) mass measurements
(irrespectively of the decay mode).
Higgs width (some BSM scenarios) | ?

Quantum number filter/analyser.
( 0++ dominance ;C,P-even)

* H ->bb opens up (Hbb- coupl.)
(gg)ceD '@ bb in LO; NLO,NNLO, b- mass effects - controllable.
For some areas of the BSM param. space CEP may become a discovery channel !
H -WW*/WW - an added value ( less challenging experimentally + small bgds., better PU cond. )
b TT

* New leverage -proton momentum correlations (probes of QCD dynamics , CP- violation effects...)
X LHc:'after discovery stage’, Higgs ID...... How do we know what we've found?

I Higgs or technipion or ??7? I @

mass, spin, couplings to fermions and Gauge Bosons, invisible modes...
-> for all these purposes the CEP will be particularly handy !



SuperCHIC (EXHUME-05) .

Higgs Boson: cross section predictions  (Halfway)
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@ Cross section ~ fbs, i.e. roughly 4 orders of mag. lower than inclusive
case (price paid for exclusivity).

@ CEP of a CP-odd Higgs suppressed by ¢(0~)/a(07) ~ 1/100 — with
just a few signal events, the Higgs quantum numbers can be determined
(does not rely on coupling to weak bosons).



THINGS TO DO ! A
\o

Account for the b-dependence of the survival factors ~ S2 .. S2
enh®' “eik.
(GLM-new results)

NLO effects in the uninteerated parton densities ¢ (Asher, Uri)
A systematic account of self-energy insertions in the propagator of the screening ¢
gluon

The dependence on the gluon PDF is amplified by the fact that the CEP cross section

is essentially proportional to (zg(z) }‘1. KKMR-04: CLP-07

DF ~~ data may suggest more
'LO-type’ PDFs (— more A

optimistic Higgs cross sections)
are appropriate.




o Available MSSM CEP x- sections

(Marek’s talk)

T T
8 8
M, = 131 GeV .
My 130Gy
10 —
<128 Gev |
v Lo by wowo Lowooow bywoo oy sy
250 300 350 400 450 500
M, [GeV]
M, contours stay constant with M,
x-gection of 1.5 fb reachable but in a tiny
Available MSSM CEP x-section stay constant with allowed phaze-gpace region. Outzide thiz region
M, (because R=MSSM/SM =1 in this region) reaching the x-gection 18 very small
maximum of 1.8 fb

Max -factor 5-10 enhancement.

a) LHC MSSM exclusion regions (red area) [HigesBounds: P. Bechtle et al., Comput. Phys. Commun. 181 (2010) 138]
b) One possible region of mterest (green area): SM Higgs at M=125 GeV + 1 GeV (exper.)
If theory uncertamnties added: 122 <M <128 GeV [S. Heinemeyer et al., arXiv:1112.3026[hep-ph]] 7



CEP as a way to study old and new heavy

resonances.

» Heavy Quarkonia
I 700 of charmonium -like XYZ states




® X(3872) first and most puzzling state ;f;)
(observed in 2003 at Belle) =

m Discovered by BELLE in 2003, confirmed by BaBar, CDF, DO, CMS, LHCb.

" Possible spin-parity assignment; 1*t+ or 2—+

" May well be of exotic nature : loosely bound molecule, diquark-antidiquark,
hybrid,..... but a conventional 2 P-wave charmonium interpretation is still on the
table (recent renewal of interest).

B BaBar (2010) seems to favour 277 though various theory groups

find this assignment highly problematic.

m According to PDG r('-"r+ o J/ib(ls))/rtotal >2.6 % r("]"'f’(zs))/rmtal >3.0%, T <1.2MeV
(maybe two different states X(3872), X(3875))

CEP as a spin-parity analyzer could help to resolve the — X (3872) puzzle.

» Z(3930) = x2(2P) B Above DD threshold .

m Vertex detection at LHCb & RHIC—
- exclusive open charm: DD~ .D°D°

Roughly the same expectations for CEP as for Xc2
Triggering on J/y: M= J/y+y, J/v+ p.... L|




CEP through the eyes of the KRYSTHAL (2008-2012)

@ Colliding protons interact via a P
colour singlet exchange and
remain intact. can be measured
by adding detectors far down the
beam-pipe. (or LRGs)

@ A system X of mass My is
produced at the collision point, p(P)
and only its decay products are
present in the central detector.

@ The generic process pp — p + X + pis modeled perturbatively by the
exchange of two t-channel gluons, with the use of pQCD justified by the
presence of a hard scale ~ M.

@ ‘J, = 0 selection rule’: production of states with non-J5 = 0+ quantum
numbers is strongly suppressed by ~ 2 orders of magnitude.

¥ ) Ye. vy CEP already observed by CDF and jj CEP observed by CDF & DO. (Christina’s talk)

% v, CEP is reported by LHCb (DIS-11) (CMS-2012-first studies)
(Wenbo’s talk)

S new CDF 7YCEP results (PRL-2012)
< All measurements in agreement with Durham group (pre)dictions.

10



SuperCHIC MC [%,J

s\
SUPRTTINCRK

A MC event generator including®:

@ Simulation of different CEP processes, including all spin correlations:
@ Xc(0.1,2) CEP via the x. — J/vy — p™ ™ decay chain.
Xn(0,1,2) CEP via the equivalent x, — Ty — p" ™ decay chain.
X(b.c)s @nd np ¢y CEP via general two body decay channels
Physical proton kinematics + survival effects for quarkonium CEP at RHIC.
Exclusive J /i and T photoproduction.
vy CEP.
@ Meson pair (7, KK, nn...) CEP.

@ More to come (dijets, open heavy quark, Higgs...?).

— Via close collaboration with CDF, STAR and LHC collaborations, in both
proposals for new measurements and applications of SuperCHIC, it is
becoming an important tool for current and future CEP studies.

8The SuperCHIC code and documentation are available at

http://projects.hepforge.org/superchic/
11



StaneanENeandeMPreCESSES

@ CEP is a promising way to study new physics at the LHC, but we can also
consider the CEP of lighter, established objects Xe, ¥y and jj CEP
already observed at the Tevatron.

@ Can serve as ‘Standard Candle’ processes, which allow us to check the
theoretical predictions for central exclusive new physics signals at the
LHC, as well as being of interest in their own right'.

@ This talk will focus on the CEP of <7 and light

meson pairs, MM, at sufficiently high invariant mass for perturbative
formalism to be applicable:

» Provides novel application/test of hard exclusive formalism, complementary
to more standard photon-induced processes (v — MM, v7*) — M etc?).
Demonstrates application of MHV formalism to simplify/check calculations.
°7° CEP a possible background to vy CEP.

Could probe the gg and gg content of r, ' mesons?
An interesting potential observable @ RHIC, Tevatron and LHC: meson pair
CEP data (at lower p_ ) already being taken by ALICE and CDF.

Yy vjv v

'see LHL, VA. Khoze, M.G. Ryskin, W.J. Stirling, arXiv:1005.0695 and arXiv-1011.0680 . 12
2For a recent review, see for example V. L. Chernyak, arXiv:0912.0623.



Standard Candle processes: y. CEP

@ In arXiv:0902.1271 CDF reported 65 + 10 signal y. events observed via
the xo — J/vy — pu™pu~~ decay channel. This corresponds to
do(xe)/dYyly=0 = (76 = 14) nb, in good agreement with Durham
prediction of ~ 60 nb. (Krakow group)

@ Recent LHCb data®: select ‘exclusive’ y, — J/1) events by vetoing on
additional activity in given 7 range.
g @ LHCb see:

- WEW
AR
o(pp — pp(xe — p"p~ 7)) LHCD (pb) | SuperCHIC (pb)
X0 93+45 14
Yet 16.4 + 7.1 10
Ye2 28 +12.3 N\ 3

— Encouraging agreement between data\and (Durham) theory, accounting
for (large) theory uncertainties for y. cade, and potential inclusive
contamination at LHCb.

I Proton dissociation conribution I

SLHCb-CONF-2011-022.
13



Dimeson CEP, motivation: v+ production

@ 3 candidate events observed by i ' % y i
CDF (arXiv:0707.237), |NOW 43 events | e

@ Similar uncertainties to y. case T, ;
forlow £, < E. scale, but this B B o
decreases for higher scales. ’ T -

@ More CDF events'  allow us to g s ) () < MAST
probe scaling of o with cut on . Q\ﬁ CE
photon £, (< M., /2): strong AN e
predicted fall-off with M-, driven CF TN 1 | trs1or
by Sudakov factor (already seen 'f i
in dijet data). o

2 4 [ E 1] 12 14 15 1= =0
Eo [GaV)

@ However: ?r'j?rﬂ{-r}*.r;r} production, with one photon from each decay either
undetected or two photons merging, is a potentially important background

(pure QCD process).

Y - . . .
RO LS I (now proved to be very small (CDF) in agreement with our expectations) I -




Standard Candle processes: vy CEP

@ v CEP: represents clean signal, with less of the theory issues related to,
e.g. Yo CEP. — ideal ‘'standard candle'.

@ New CDF v+ data® for E, (v) > 2.5 GeV, |n(v)| < 1. They find
0. = 2.4870%0 (stat) 7029 (syst) pb,

o Themry predictions: 1.42 pb (MSTWO08LO) and 0.35 pb (MRST99), with
approx. uncertainties (additional to PDFs) ~ Z2.

o 7°7° BG observed to be small, in agreement with non—trivial Durham
prediction (follows from J, = 0 selection rule).

@ New CMS v+ search for E, () >5GeV’: 0., < 1.3pb @ 95%  (Wenbo's talk)
confidence.

40 E 22 2
‘“‘?35_ bl ppr — pHyytp %2{] ¢/ P — priT 318 dl pp — pHyyF
5 E . Data - + Data D16 +_Data
16| EBEH SuperCHIC MC g EEH SuperCHIC MC o E= SuperCHIC MC
214f (Mormalized to data) a1 [Mormalized to data) =14 (Mormalized to data),
w1k £1 g 12
F= =1 10
210 Wy A
o (=
w gk o B
6F a6
4F 4
2F i - 2 s
o Rl B 7 . H o =T
0 ] 0 15 20 25 IIII 010203 0405 06 07 005 115 2 25 3 35 4

ry invariant mass (GeVic®) It - Ad| (rad) p, of central system (GeV/c)

8CDF Collaboration, T. Aaltonen et al., Phys. Rev. Lett. 108, 081801 (2012) arXiv:1112.0858.
"CMS PAS FWD-11-005.

L.A. Harland-Lang (University of Cambridge) Higgs CEP: theory 11/ 12



Analyses

- Mew: Exclusive y

New Exclusive yy: Conclusions

Exclusive Photon-Pair Production
Theoretical oo e O = 0.35%3pb (MRST99)
g;'pj;;ﬁ[:gg:;‘f‘ = 1.4273pb (MSTWOBLO)
Measured | oo FT7“°Y — 2,48 +040(stat) +83(syst) pb
= 20 e First observation of exclusive yy in
=2 T® a(p+p—p+yy+P) hadron-hadron collissions.
© 4 S |8 =
S |5 2 mml<10 * Measurement of the cross section of the
- ' L . : :
3 L 2 [€ 15 Es25ev gxcluswe production <.::+f.tw=:: high-Et photons
2 | | in hadron hadron collisions.
oL v |E® (S = 1960 GeV . . o .
s |¥ e This corresponds to 1in 25 billion inelastic
+ P 1 collisions.
e
; \ ¢ Constraint on central exclusive Higgs if
0

existing (produced by same mechanism).

e Paper recently published:

Phys. Rev. Lett. 108, 081801 (2012).

Currently theoret. uncertainties
are under further revision.

Isen‘inar 2002




Modeling meson pair CEP perturbatively

@ Simpler exclusive process v — MM (

3

angles was calculated ~30 years ago®.
@ Total amplitude given by convolution of parton level (A )v(A2) — gqqq
amplitude with non-perturbative pion wavefunction ¢(x)

T, KTK™...) at large

1
M a(s,t) = / ax dy S()6(Y) Tana (X, ¥ 5. )

where helicity amplitudes T, ., can be calculated perturbatively.
@ With suitable choice of ¢(x) shape, v+ — MM data are described quite

well (see plot®.).

40 diagrams (4 basic)

T (A1)

ol Az)

* Ty=T__=0

g
/ Fag
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35 4. Brodsky and G. P. Lepage, Fhys. Rev. D 24 (1581) 1808.
4Data taken from Belle Collaboration, Phys. Lett. B615 (2003) 39

18 3 32 34 58 38 1 4.2

V'F [GeV]
(M.Benayoun,V.Chernyak,-1990)



qg — MH calculation (explicit calculation)

@ Simplest case: production of flavour non-singlet scalar mesons (e.g.

700, rto—..).

@ Can calculate the LO gg —+ MM (= q§qq) amplitudes to give

T,..=T__=0, is this easy to understand ? gj
2
o N[} ')
T, =T, = cos“f — Cra | .
T az—b?cnszﬂ(2 F)'

where a.b = (1 —x)(1—y) £ xy.
— (Jz = 0 amplitudes vanish, as in vy — MM for neutral meson _We
erefore expect a strong suppression in flavour non-singlet MM CEP
due to J, = 0 selection rule.

— Jz = 2 amplitudes contain ‘radiation zero’, vanishing for a physical value
of cos? f. Well known effect in all gauge theories (e.g. ud — W++), but
usually washed out in QCD by colour averaging. Here, position of zero
depends on the choice of ¢(x), and we find that there is always a zero in
the physical region for any choice of ¢(x) and general N,.

18



g9 — MM amplitude: Feynman diagrams

Vanishing of T, .. T__ follows after calculating: is this easy to understand ?

/

|

| A~
1 5.4.3 oo
ECF N, |

\ B

currently popular (among the formal community) 0,0



gg — MM amplitude: MHV calculation (1)

@ g(+)g(+) — g(£)q(F)q(£)q(F) amplitude is MHV: maximum (n — 2)
number of particles have same helicity.

@ Such amplitudes known to have remarkably simple forms, and
corresponding ‘spinor helicity’ formalism can greatly simplify calculation.

@ T.., T__ can be calculated from known Parke-Taylor amplitude®

(ke k) {kq kg) a, . ya by . \b
Mhn PG C AP 6 LU TR
:xZJ: (kpa1) - (arkg) (kg b1) -~ (br kﬁ}{ )i Joi
! (kp Kp) (kg kg)

(A% - '}‘af]ﬁﬁ (}"51 c AP Jiojo -

 No (kpar) -~ {a kg) (kg br) -~ (by kg)

@ Making colour singlet identification (/1 = j2, > = j1) and identifying gq, pp
with collinear quarks within mesons

f{qzxkg ka:(1—y)k4 kp:yk4 k—:“—}()kg? ks

then amplitude reduces to g ()

g (2a)nnnan

M o (ks ko) (k1 ka) + (k1 ka) (ko ka) — (k3 ka) (ki ko) = O |

which vanishes from the Schouten identity.
°M. L. Mangano, S. J. Parke, Phys. Rept. 200 {(1991) 301-367

Here the indices »(7) and s(5) refer to the quarks (antiquarks) with colour indices i1(j1)
and i2(j2). respectively, and the labels a;, & refer to the gluons, while the standard spinor 20

contraction *{k, [}’




gg — MM amplitude: MHV calculation (2)

4 N
@| The vanishing of the gg — MM Jz = 0 amplitudes follow directly from the
corresponding 6-particle MHV amplitude. This result depends crucially

on the colour singlet projection and collinearity of the gg pairs, and only
\occurs for non-flavour singlet mesons )

@ The MHV formalism can be extended to include the non-MHV |Jz| = 2
amplitude: contributing amplitudes given by tree graphs in which the

vertices are the usual tree-level MHV scattering amplitudes continued
fo—She”E . IF‘. Cachazo, P. Svreek, E. Witten, JHEFP 0409 (2004) 006 [hep—thfl:lal_-i]ﬂ[lal?].l

@ More complicated than Jz = 0 case, but an explicit calculation within this
framework confirms our result.

7 q- gt
+
Pa

Bsee e.q. G. Georgiou, V. V. Khoze, JHEF 0405 (2004) 070.



Flavour singlet meson production

@ A second set of diagrams can in o) et
general contribute, where the gg .
forming the mesons connected by L .
a quark line (no equivalent
diagram in v+ — MM process).

@ Only relevant for flavour singlet
states (e.g. for gg — #'n°, |ul) ‘ ' b
and |dd) Fock components o) TTTTTET
interfere destructively).

@ In this case the J; = 0 amplitude does not vanish — Expect strong
enhancement in »'n’ CEP rate’ and (through -1’ mixing), some
enhancement to n# rate. i’ CEP can also occur via this mechanism.

@ Also: any sizable gg component to flavour singlet states, contributing
through gg — 4g and gg — gqgg processes, may in principle strongly
enhance the CEP cross section (again J; = 0 amplitudes do not vanish).
A significant ‘excess’ in future CEP data could be evidence for this.

"Recall quark content of |n’} is dominantly ~ |ut + dd + s5)

Backgrounds for the diphoton CEP @ CMS ? ' 22



Numerical Results

I (our new results will be available soon) I

B = By, (pbl, |nar| = 1.8, MEST 99,

1000 T T
_Tl:I_TI:l heaieaian

@ Strong enhangement in flavour o | m - ]
singlet statesclear, with precise 1 _\‘H m
n' /n hierarchy given by choice of
n —n' mixing angle.

001 k-

@ CEP cross sections for vector aoont
mesons (pp, ww, ¢¢) can be 106 |
calculated in the same way.

la-0&

@ 7979 CEP can in principle be an important background to ~~ CEP, but we

find this not to be the case. This depends crucially on vanishing of the

gg — 7°xY amplitudesfor J, = 0 initial-state gluons.

@ However: possisfe J7 = 0 contribution from higher twist effects, NNLO
correctiopg?.. could increase flavour non-singlet rate by a factor ‘a few'.
Alsgepossible non-perturbative contribution at lower p ? (K-factor,..)

New CDF data nicely confirm this ! I Prospects of further measurements I




Data/Durham theory comparison

@ Y., 7y and jj CEP already
observed at the Tevatron, y. at
the LHC, with more to come...

@ So far, data has been in overall
good agreement with the Durham
theory, giving confidence in the
Higgs predictions, up to a ~ X2
uncertainty.

@ CDF v~ data may suggest more
'LO—type’ PDFs (— more
optimistic Higgs cross sections)
are appropriate.

@ Studies are ongoing, and other
observables (e.g. CEP of meson
pairs, 77—, n()n()...) are being
explored theoretically and
experimentally.

24



Down to Earth

Towards a ull cceptance etector (bj- 1992)

CMS (& ATLAS) currently blind between 1= 6.4 (CASTOR)
and beam rapidity (v, =8.9 (@ 7 TeV) except ZDC (neutrals). | (Totem:T1,T2)

V

IS THERE A WAY OUT ?

Yes, an addition of Forward Shower Counters around beam pipes at CMS!

(8 FSC per side see showers from particles with | 77| = 7-9)

(Alice is installing such counters, discussions at the LHCb)

(FSC# at least a good foot in the door)

3=

CMS+TOTEM- common data
taking foreseen in 2012
90m expected in July
Coverage in n: -6.5-6.5

25




The Compact Muon Solenoid Experiment

July 19, 2010
Physics and Beam Monitoring with Forward
Shower Counters (FSC) in CMS

Alan 1. Bell, David d'En Richard Hall-Wilton ', Gabsor Veres

2009 JINST 4 P10001

Forward physics with rapidity gaps at the LHC

M.G. Albrow,*' A. De Roeck? VA, Khoze, J. Lamsa 4 E Norbeck,/ Y. Onel,/
R. Oravaf A. Penzof and M.G. Ryskin

CERN, Geneva, Switzerland

Approved by CMS MB
for Jan-Feb 2011 installation.

et P Oty ek e oo P “Limited approval” :
) Go ahead without detracting from
necessary shutdown work.

Most value 1s 2011 running
L 1't..-..-.l....—. B |;;u.u-. & When QI]X} <~ S

Cireg Snow

Station 3 (114m) Installed on both

sides.
March Technical Stop (28-31.03.11).



|The FSCs- these are for real !

Main concern- lumi per bunch crossing might be too
high.

What about a precise measurement of SD?
This certainly needs all the counters and

- ??
some low lumi run, or at least bunches.

Both CMS &ATLAS requested special low-PU
runs in 2012

27



Summary and Outlook

CEP processes observed at the Tevatron, RHIC and early LHC can serve
as ‘standard candles’ for new physics CEP at the LHC.

New LHCb y. — J /¢ data, support: previous suggestion that y (1 2
contribute to CDF . data.

First estimates of dissociative background given.

veo CEP via two-body decays (=1, KTK~...) interesting and realistic
channels, with continuum background expected to be low. Other decay
channels (e.g. pp, AN, 2(7 17 7)...) also possible.

The CEP of mesons pairs at high invariant masses (/k | ) is an interesting
process, representing a novel application of pQCD framework for
describing exclusive processes.

Measurement of =7 (KK...) CEP at lower mass/k, values would help
constrain non-perturbative models.

CEP could help probe the gluonic structure of 5, " mesons.

Perturbative calculation predicts that z°x° BG to 4+ CEP is suppressed.
New CDF ~~ data gives encouraging results! Could shed light on the
gluon density...

More CEP results to come from RHIC, the Tevatron and LHC in the future.









{

95% confidence level upper limit

Et(+)>5.5GeV,|n()|<2.5
T exclusivey~ production < 1-3{]Pb

Ur Central Exclusive v and e e~ Production

This upper limit on the cross section is actually on the sum of

> exclusive production

* semi-exclusive production with no particles from the proton dissociation within
n| < 5.2 (much less controlled theoretically, ~ similar magnitude)

CMS Preliminary {5=7 TeV 36 pb™

2r
B, f TPe—errrie) 3
e F Efdv)=5.5GeV ]
1.6F miy) <25 = . - =
ok Sl T heoretical predictions
1.2F E .
3 0 3 » exclusive only
5 g |2 ©f
o8 g S 2 |8 3 » predictions would be higher by a factor of ~ 2
0E6 = T F - = . c c 5 - -
b 5 8 |2 & ] if contributions from semi-exclusive included
SE Ok = = = 3
C 193] 3
D.EE— Ig I% =
a

B. Roland PLHC2012, June 4-9 2012, Vancouver




Diffraction with Forward Shower Counters FSC

WY NI BSC very important as rap gap detectors.
All LHC experiments should have them!

2000 JINST 4 P10001

What:(We propose to 1nstall a set ot sci1
utgoing beam pipes at CMS, ~

Forward physics with rapidity gaps at the LHC

Why: M TR sl e Lt

[ (a) As veto 1n Level 1 diff. triggers to reduce useless pile-up events.
(b) To detect rapidity gaps in diffractive events (p or no-p).

(¢) Measure “low” mass diffraction and double pomeron exchange.
(d) Measure op; (if luminosity known; ¢.g: by Van der Meer)

(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 etc.)

\ (h) Additional Lul:nmumty monifor.

Mike Albrow Diaffraction with Forward Shower Counters LHC Daffraction May 2010




FSC & others
\

\

FSC alone

L=}
o

Efficiency (%)

NN
=]

ZDC alone
201

1 | IPEPITE S AT AT ST AR

T or | |%g Mass (diffroctive system)
4 5 6
Mass (GeV)
Generated diffractive mass (PYTHIA/PHOIET)
>4 hits in FSC or > 1 track in HF as log(M5), My in GeV/c2,
or CASTOR or ZDC(min) cf to calculated from rapidity gap edge:
(a) full n coverage
(b) n<4.7 (no FSC)
Below 10 GeV/c? FSC contamn most particles
12

Mike Albrow, Fermilab Forward Shower Counters for CMS Manchester Dec 2010



~v~y CEP: new results (2)

@ Expect theory estimates to be somewhat conservative:
» 52 effect somewhat overestimated- latest number ~ 20% bigger.
» Small fraction of v~ events that are not truly exclusive (=~ 10%).

» NLO corrections could be numerically quite large (¢.f. vc.0 — gg and
H — gg, both receive infrared =2 numerical enhancement). Including

finite part of 1-loop corrections’ to gg — ~+ get Ky, =~ 1.6, so a similar
enhancement may be present. However: need full NLO calculation,
divergences included in f;'s now cancel virtual IR divergences, and will
get new finite contributions specific to CEP.

@ Must also bear in mind
reasonable theory uncertainties,
but nevertheless some tension
between theory (MRST99) and
new data exists...




vy CEP: PDF comparison (2)

@ The gluon density is not sufficiently well described by fixed order, twist =
2 DGLAP at low x and Q2.

@ There is some indication from, e.g. diffractive J /1) production that the
g(x, Q?) is larger than the current NLO PDFs'®.

— Can also use, e.g. 7y CEP to shed light on the gluon density, with the LO
and NLO gluons giving approx. upper and lower bounds on the CEP
cross section due to the (large) PDF uncertainty.

@ Use an updated model'® for S2,, which includes the new TOTEM elastic
data (requires Q(b¢) T in particular at lower b;, and therefore Sfik 1), and
for Sflﬂl (somewhat higher than previously), gives factor ~ 2 decrease in o
@ 7 TeV. The v~ CEP cross sections (in pbh) are predicted to be (for

E, > 2.5 GeV):
MSTWOSLO | CTEQ6L | MRST99 | CT10 | NNPDF2.1
Vs =1.96TeV (|n < 1) 1.4 2.2 0.35 0.47 0.29
Vs=T7TeV (jy] <1) 2.1 2.0 0.32 0.29 0.16
Vs =T7TeV (|n| < 24) 6.2 6.2 0.94 0.91 0.50

15;&. Martin, C. Nockles, M. G. Ryskin, and T. Teubner, Phys.Lett. B662, 252 (2008), 0709.4406.
1801 Ryskin, A Martin, and V. Khoze, (2012), 1201 6298
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What we expect within the framework of the Perturbative Durham formalism

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

Example, O++ -case

[ ———

. 1:| ]- 5 Lon
k, i}: T — Ar* _'lﬁ:’l Jr“'_H] P = fal=, Y, 'f.-,:'] J'-! 18y ) fglxa. £ {':'n J'-: 2.

. @31 —-F1)G L+ 52 )?

pr——=""P A? =81T(x — 99)/M3  *K 0 P{x(0%)) = (@1 — i)

@ The gg — vy vertex and can be calculated by a simple extension of the
previous v~ — v, potential model results.- These give the Lorentz
structure of the vertices, while the normalisation is set by the derivative of

the P-wave meson wavefunction at the origin ¢5(0).

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

AL+ )

KMR-01

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

» X -production is especially sensitive to the effects of enhanced absorption

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

B larger available rapidity interval

u lower scale = larger dipole size =»larger absorption
(Gap size for Z c 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
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xe CEP @ LHCb (1)

@ Select ‘exclusive’ events by
vetoing on additional activity in

Slagmet
E

given 7 range— y, — J /1y events N- ! —::mr )
seen by LHCb. . | g e I

@ Expecto,, = 0(,,,,) — recalling B || 1T E N
Br(xco — J/17) suppression, A

observation of y .o events strongly g
favours exclusivity.

@ LHCb see': I Proton dissociation conribution I
a(pp — pp(Jd/v+7)) L)jJC]I:,: (pb) | SuperChic prediction (pb)
Y0 93+45 / 14
Ye 16.4 £ 7.1 10
Ye2 28 +12.3 3

— (Good agreement for xp 1) states (recall large theory uncertainty), but a
significant excess of yv.> events above theory prediction.

"Preliminary data— LHCb-CONF-2011-022

3/




® Xco:Xcis ratio determined from fit to mass spectrum

. background

: i : [~ @ 20100uta
I ' v ' @  ChiICO fram SuparChic MO
50 D e \
Preliminary

vJ& =7 TeV Data

=
=]

S =
||||T||||'|'||||'|'||||T||||'|'I'I'

Number of events per 20 MeV
=

34 I 36 B
ChiC Mass (GeV/c)

X
ho
[

25 Xeo Candidates




Odderon?

Xb ? More perturbative

¢ In 2011 LHCb collected ~ 1 fb1
® Average U ~ 1.5
* ¥ 30 Increase in Stats!!

Luminosity measurement

¢ Low Mult DiHadron Trigger

® Low Mult DiPhoton Trigger @—>

Dermot Moran (Universitv of Manchester
On behalf of the LHCb Collaboration

39




