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Abstract. | discuss Double Pomeron Exchange processes from theiofisgrvation at the CERN
Intersecting Storage Rings, focusing on glueball seardhesugh the observations of exclusive
Xco, Yy and di-jets at the Tevatron, to prospects at the LHC for estebuHiggs boson production.
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When two protons collide at high energies they may emergesithll loss of energy
(in the center of mass frame, at most a few percent), haviegted a low mass systexn
of particles at central rapidity. There is then a rapidity gé at leastAy = 3 (preferably
> 4) units betweelX and each protop. Thet-channel exchanges betwepandX can
only be color singlets with spid, or effective spina(t),> 1; in the Standard Model
(SM) only the photony, or the pomeron, IP. The pomeron is at leading order a pair of
gluons pg] in a CP = ++ state. A third possibility is the odderon, at |lghste gluons
with C = -1; there is no good evidence for this yet, and | shgtlore it. Two-photon
exchange has been seen at the Tevatron (CDF) [1, 2, @Yasete” andu™u—; it
is a QED process with small corrections from the proton foattdr. Photon-pomeron
fusion, or photoproduction, was a minor industry at the HE®RA p collider, recently
also observed by CDF [2] in th¥ ¢y andy/(2S) states. CMS has now shown candidates
for J/¢ and Y photoproduction. The LHC opens up the possibility of meiaguz-
photoproduction; in the SM it is marginally too smatf 60 fb), but could be enhanced
by additional BSM loops that couple $0Z and IP. CDF published [3] an upper limit a
factor~ 1000 above the SM prediction.

| now restrict myself to IPIP interactions; see [4] for a necesview. They have a
special feature in that they do not involve valence quarkyg Guarks present must have
evolved in as virtual pairs vig — qq ), and the properties of should be independent
of the colliding hadrons, no matter whether they ae Q- Q" or " mr*. That is the
supposition, not however tested by experiment. | will memtater how we could check
it at the LHC for the first time (all fixed target experiments/bédoo low /s to study
IPIP — X with low background). Furthermore, in IPIP — X, the stateX has tightly
constrained properties; it must have CP = ++, Q = 0, no net flaumd spinJ even
(mostlyJ = 0). Together with its glue dominance this makes DIPE anlexaechannel
for spectroscopy when M) < few GeV, and for studying QCD phenomena (and the
pomeron itself) at large MK). Central masses M() extend up to~ 4% of /s and at
the LHC reach the electroweak sector. The Higgs boson haguaetum numbers of
the vacuum, obeys all the rules for DIPE, and can be producediu®vely" (meaning



no other particles are produced) pst p — p+ H + p. Just as pomeron exchange
in p+ p— p+ X is called "diffractive excitation of a proton”, DIPE can beledl
"diffractive excitation of the vacuum®”. Any states with alled/quantum numbers are
present virtually in the vacuum and can be "kicked into rgalih the collision of
two protons. While inyy processes the impact parameter in the collision is usually
several fm, with the scattered protons at correspondingbiigt|, the most likely impact
parameterp, in p+ p — p+H + p is intermediateb < 1 fm but notb ~ 0, because
in that case of maximum overlap the rapidity gap survivalaitality is minimal. The
Higgs boson couples to the protons only weakly through (iyaihe loopgg — tt — H,
which is the dominant inclusive Higgs production mechanisiormally the protons are
left colored after the gluon annihilation and a large numieparticles are produced.
However it is possible for another gluon of complementarjocdo be exchanged,
for the protons to remain in their ground state, and even te mo hadrons created:
p+p— p+H+p, or P+IP— H. One pays a big pricey 103 —10* in cross
section, for these conditions, but if even a few events aseed, with the protons well
measured and thd-decay detected, the payoff will be big. For the SM Higgs, thke

it decays tdob, 77T, WTW™ or evenZZ — utu—vv, the central mass NK) = M(H)
can be measured wiiti(M) ~ 2 GeV/¢ from the missing mass to the two protons [5].
The background should be small [6], and the CP must be ++, tineJsp0 or 2 (and
these can be distinguished from the proton azimuthal ajgled the state width can be
measured (if” = 3 GeV). If there are multiple Higgses, as in SUSY models, ttuayld
be separated even if only a few GeV apart. However the expgextess section is low,
~ 1 - 10 fb for the SMH in the Durham model [12], and uncertaingihigher in the
MSSM). Fortunately the calculations can be checked witlkoEHPE reactions that can
be measured at the Tevatron, but before describing thestyrhrto the origins of DIPE
physics at the CERN Intersecting Storage Rings, ISR.

The ISR had first collisions in February 1971, and gave usgelatep in,/s from
7.6 GeV to 63 GeV. Single diffractive excitation previousgly of low mass states
(resonances) was found to extend up to about 15 GeWell above the resonance
region. This was well described by Regge theory (our bestagmh to strong reactions
pre-QCD) in terms of "triple Regge diagrams". A pomeron "emitiguebt really!) from
a proton interacts with the other proton:4Pp — X, and the IP total cross section
is related by the optical theorem to “IPp” elastic scattering with anothe@rchannel
exchange. For low MX) the latter is a reggeon (virtu@ or 7T exchange), but at high
M(X) it should be another pomeron, the diagram including adrdmeron coupling
gririp- A higher order diagram (double-triple pomeron or quineupbmeron) is then
implied, corresponding to the DIPE processHRP — X. Several experiments at the
ISR sought DIPE, but the evidence was slow to accumulate.t@taé rapidity range
is 2.IN(2Epeam/Mp) = 6.4(8.4) at /s = 23 (63), so the possibility of having two gaps
Ay = 3 is limited to the higher energies; one also needed deteatdooth the central
and very forward regions. Eventually DIPE became estadtisfor two (unidentified,
but presumed to bert 1) hadrons, with a cross section as expected from Regge
phenomenology tuned to single diffraction, elastic andltotoss sections. If one fixes
the forward rapidity gaps tAy = 3 (say), the cross section rises wiifs as the allowed
central region expands. If on the other hand one fixes theaemgion for the pions
to be|y| < 1.0 or < 1.5 the cross section decreases slowly as the gaps get loriger. T




Split Field Magnet experiments eventually observed respfig f, signals in thert
(assumed) spectrum. In the last days of the ISR forward chéimbers were added to
the Axial Field Spectrometer [7] and provided measuremehi2IP — " 77~ with high
statistics, as well ak "K~, pp, and 4t with identified particles.

Consider the known particles with the allowgdquantum numbers. They are the
very broado (600), fo(980), f2(1270), fo(1400)... Xc0, @and xpo- Not yet known, but with
the allowed quantum numbers, are the Higgs boson(s) andpedraviton (in theories
with extra dimensions, a spin 2 massive gravi@®eould exist and be produced (AdS-
CFT) in DIPE. The AFSt"m~ spectrum showed th&(980) as a dip, above a very
broad scalarJ” = 07) distribution likely to be dominated by the(600), and a small
f2(1270) under a broad scalar, probabfy(1400. Interestingly the AFS also saw [7]
aa — a+ 1 m +a with the samer™ i spectrum, 100% background-free as the
must have been coherently scattered (and photon exchangde mat be detected by the
forward detectors).

The ISR gave way to the $f collider, and the focus A, Z and jet physics did not
leave much room for DIPE studies. Proton trackers were af®letd the UA2 central
detector and DIPE was observed, but with poor mass resolatiml small statistics.
Forward gap triggers allowed a study [9] with the UA1 detectohigher M(X) events,
showing some soft jettiness and evidence that the chargédtipheity is higher (and
rises faster with MX)) than inete™ collisions, which is not surprising.

The next step came with CDF (the Collider Detector at Fermikthbhe Tevatron
with /s = 1960 GeV, allowing central masses up to about 80 (100) GeMl x¢i >
0.96(0.95). So far there have been no results on low mass spectroscagsibe DIPE
triggers were not in place until recently. Neither CDF nor bZ@ow have forward
proton spectrometers, but recently we developed a trigye2DF based on forward
rapidity gaps, vetoing on particles with 2<1|n| < 5.7 on each side. Either the protons
went down the beam pipe or they dissociated into a low massS(R1GeV) state; in
either case the events are IPIPX (with small contributions fronylP andyy exchanges).
The most efficient luminosity for this data is when the averagimber of inelastic
collisions per bunch crossing is 1 or aboutL ~ 4 x 103! cm2s~! (these days the
beams are usually dumped at highgrand as the cross sections are sevelaihe event
rate is high enough to collect millions of events in a few tsoudn the low mass region
exclusive hadron pairsi(t m, K"K~ @, ...) etc. are interesting for spectroscopy, and
it may be possible to see hadronic decays of exclugwyestates, which would be
important for testing calculations of exclusiMeproduction. At high masses, M{ ~ 50
GeV, many studies of event shapes, jets, multiplicitiegllBY¥an pairs, Bose-Einstein
correlations, and so on can teach us about pomeron intenactprovide data to test
predictions (e.g. byHOJET and learn about backgrounds to exclusive Higgs.

Exclusive dijetsp+ p — p+JJ+ p were studied in CDF [10] by triggering on two
jets with a highxg antiproton and requiring a rapidity gap on theside (there was no
p—detector). Off-line one found events with most of the cdréreergy contained in two
jets, in excess of expectations unless the exclusive psdeeaslP — J+ J is included.
The EXHUME program, based on the “Durham process", calculates thggias J+J
with another gluon exchange to cancel the color, as in eika&usiggs production, and
the data are in fair agreement (a factor of “a few" in theorg arperiment). A model
with the pomeron as an object with a muiig/g structure such aBoMwIG does not



give exclusive dijets and fails to reproduce the data. The @R¢tusive dijet study
extends up to M[J) ~ 120 GeV in only 300 pb! of luminosity. Recently DZero has
seen 26 exclusive dijet events [11] with 84) > 100 GeV (30 pb?! of data), with
5.47%:2 non-exclusive background events.

While the exclusive dijet cross section measurement has Indefeendence, and
there is noabsolute distinction between exclusive and inclusive dijets, egsle x.
production is well-defined; it ip+ p — p+ Xc + p with no other hadrons in the final
state. The diagram is the same as exclusivproduction with the top-loop replaced
with a charm-loop, and thg has the same quantum numbers, which makes it a clean
comparison. It was observed by CDF [2] with te central, withdo /dy|y—o = 76+
10(stad + 10(sysh nb in xc — /@ + y with I/ — pu*u~. Unfortunately the photon
has low energy { 200 MeV) so the M/ + y) resolution does not distinguisky
states; the(o(3415 state should dominate but thyg; (3510 and xc2(3556 states have
30(17)x higher branching fractions respectively. It should be pmesto distinguish
these states using hadronic decays, which have much bettsr masolution. About 6%
of xco decays are tb*h™ or 2(h*h™), whereh = mror K. The widthl" (xe) = 10 MeV
and the mass resolution in CDF is similar; the main issue isimoam background.
The CDF observation of. — J/@ + y does not suffer from either combinatorial or
continuum backgrounds; the only significant “backgrourdpt+ xc + p is undetected
dissociation e.gp+ xc + prrt -, with the dissociation products not detected in the
forward Beam Shower Counters, BSC. We will also search forusiet open charm:
D*D~,DDY DYDY in hadronic modes.

CDF also published a search for IRIPyy [13], with Et(y) > 5 GeV, which proceeds
through an intermediate quark loop, and is the closest cbptocess to exclusive Higgs
as the final state does not have strong interactions. Umfarly the cross section is
small; Ref. [14] predicted 3653 fb corresponding to 0.8;2 events, and three candidates
were found. TheEr threshold has since been decreased-td.5 GeV and there are
many more candidates, but the#fiP — r°7® background has to be understood; it is an
interesting channel in itself.

RHIC has now entered the field of DIPE with forward proton nieasents in STAR,
reported at this meeting by Guryn [15].

At the LHC DIPE studies will be very interesting, both in thevl mass exclusive
regime and at high masses X)( = 250 GeV (quite apart from thél search). At
this meeting Schicker showed some preliminary ALICE datd.[He®wever at present
the experiments are handicapped by having very poor forwaxegrage. There are
6 = 0° calorimeters (ZDC) fory and neutronsK?/n < 1072), and in CMS the HF
calorimeters havén| < 5.2, with CASTOR on one side havingb< n < 6.4. About
3 units ofn on both sides are uninstrumented, exactly where most tgmdps are in
diffractive interactions. Events with hadrons between thean gapday > 4 are confined
to —2.4 <y < 4+1.2 (not minding whether the dissociated). These gaps can be simply
covered with sets of scintillation counters (FSC = Forwahd\®er Counters) [17, 18]
along the beam pipes out tg ~ 140 m. ALICE is installing counters and they are
proposed for CMS. Among many other things (includingrige; measurement and
single diffraction) they allow a DIPE trigger based on veitn$=SC, ZDC, CASTOR
and HF, together with some minimal central activity. Theskea p+ X + p events,



without however detecting the protons, which can be donh thié TOTEM detectors

in some conditions (not yet done). They also allow DIPE @sidvith low mass proton
dissociation p* + X + p*), by triggering on hits in the FSC (both sides) with a veto on
HF and a small central energy deposit or track. While this khgive a clean sample,
more information,t>, A@) would come from detecting the scattered protons, as could
be done in CMS+TOTEM. During the expected special 8§90 m) run for TOTEM,

the luminosity will be low and perhaps the best use of the fimn€MS would be DIPE
with a combined trigger (on each sidpandZDC.F SC.HF with some central activity).

| now return to the possibility of comparing DIPE in baryoarpon and meson-meson
collisions at the LHC. Select events with a neutron showeracheZDC, some hits in
the FSC on each side fronva (slightly virtual,t < 0), and rapidity gaps in the forward
calorimetry (2< |n| < 5). Low mass central states will have a contribution (domi(®))
from mt ™ — m" + X 4 1. This could test whether pomerons from&nd 2y hadrons
are different.

To conclude, DIPE is a special kind of interaction: strond almost pure glue, with
constrained quantum numbers and “clean”. The list of albbwentral states is small :
fo.2, Xcp, Y¥,JJ,H. The low mass end addresses glueball and meson spectroacopy
we have hardly scratched the surface. The high mass endssddrpomeron structure,
jets, and much else. We could get much more data at the Teyatrml we are just
starting at the LHC, where we should push for maximal forwasdecage (FSC) and
forward gaps in level-1 triggers.

| thank the DOE for support, and the especially Valery Kh@dan Martin and Misha
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