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o TWO-.COmPBéirientazy views on
diffraction
e S-channel view of diffraction.

Absorp'tion of an initial wave due
Pt to many inelastic channets
f , leads bg uni'l:ari‘fg to |
~ diffractive elastic scattering.

Diffraction is a Process,which has a

Lifetime T~ E. /2
Eong 'f /“ E.Fe.inbezg. [ Mg Fro

Diffrac‘t Ve Froduction tnecanchuk

| T P j["’
Example 5 = .
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At = ST
Inetastic diffraction is due to a difference
of am litudes and s smaller com/oarea’

to elastic 5catter:’ng.
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Good and Walker )‘ntcr,oretatr'on ®
of diffraction. M.L.Good, W.DWolke (1950)

Diffractive part of S-matrix iD_k(S.b)
can be diagonaeized by an orthogonat impact
matrix Q pavameter

D=QFQ , Fj=F§;

1,{ ) %‘ QB ;@ eigenstates “which
asti t.
Y,- initial state, have only elastic sca

Quark confiquvations with
fixed transvetse seloarat(ons.

A-fte‘z diffrac‘tive SCa‘t'tering (with F21- F)
a fina€ state isa new suloe'zloositiorz of cigen-
<tates and thus contains V. (with i=42..,x)

Anafog of K. Ks regeneration, wheze
kK°and K® are 'dr'aganaﬁ'stafes.

If atl F, =4 (b<R)- black disc &imit
- inelastie diffraction is absent.

For F, 4%
(el) (tot) Pumpel'n'S
e (ind o

) (bs) + GD <b, 5) < -% o) (b,S) bound



(6 (Ps) = 45‘6‘ ci)( b,s)d?b )

0" < 0.04 te

D = 6
Diffvactive P'loduction k
IS Pezipherae in b. ‘ .

Sirong influence of
uniiarify e{{ects.

t-channel view of diffraction

[n the Regge PoEe model c/ifftacf/'ve
processes can be described bg the (eading

factoziqufe Regye /aofe with the Vaecuurm
quainfum numbers - Pormeron.
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P Peags a role of e.Xchanged "part/'c/e".

Pormeron "{Cux" is rntroduced sometimes
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In b-space Regge ampfitudes have
a gaussian form.

Note that the Pomezron is very ron-
-local object. Tt corzesponds fo The
process with T~ E/m2.

Pomeron with intetcepl p()>4
leads to a violation of unitatity (s=<).

Regg'e cuts(mutti- pomezon exchange:
in fhe t-channet) testore s-channel
uni‘ta'zitgﬁ,

Gzibov's technique for evaluation of
eats contributions
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P? P — }>+ P+uo
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Becomes equivafent to W formulation,

but with known s- dependence



MuEtiPomezon contzibutions to etastic
am/offtudes aze zelated to amptlitudes of

diffractive processes.
For rnelastic diffraction effects of

muft:‘pomezon, cuts are even more
sz:oztani‘

Thef/ bead to a
E g E Peu‘phezaE fozm
of am,oeltuo/es rn

b - space.

G’u’bov d/‘agmmfne teC/H?/7U€ and AGK
-cuifl‘ng rwbles ablow for systemaf/‘c

study of multipomeron culs in diffractive
processes and muft//.yazz‘/cé’e /orodact/oa,

Thus an investigation of diffractive
processes gziVes an /‘nfozmat/‘on on stzuctuze
hadronrec /fuctuatfons and & meeharnrsm

of /nyh errezgy /nteractions.
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e Diffevent high-enevgy 1egimes.

o’.)“ Weak coupel'ng" zeg:‘me,
(M, — Const s—so00

ollowmg conditions shoutd be
Sai'isf/‘ed:

1) All inelastic vezi/’ces fov P vanrsh
as t =0 9’4(* M) +0 €0
Not obsevved at present. Shoubd be

tested at LHC
ii) ALl elastic coupfing of Pave

the same.

E) “Cuitical’ pomezon.
Aftev vehovrmalbization due to
selfinteractions ép .,P + e
O(y(O) i P ?I
6L (ls)  yez (¥~E M)

Pol akov
S —» 90 Tey- Havtzros yan



Theve ave no theovetical veasons
(at presemﬁ) fOV conditions of Vey/'mes
a) and b) and behaviov of 6 “*ts)
i's not su/apovfed by ex/oer/'ment.
Most probable vegime:
¢) “Superevitical” pomevon ( SP)
G)>1 (A= lplo)-4 >0)

tot)
6( ~ lts s—oo

’

Modefs based on SP give ?ooo(

o,escvip'tfon of G'(f"?s)), %_gf;‘i, and

other charactevistics OFf h/yh-enezgy
(ntevactions,

Note that the sbope of diffractior
coné B“ 51’5 in This #'eorbc,

This should be seen at LHC

Fu‘gu(/e
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° Unifavi‘fy effects fordiffract:
a) Rise with energy of G\S:D) 6P
In the *Legge -/Jofe a/J/bVOX/'maf/‘on

on.

di{{vacf [ve onducﬁion of hadvon;e
state with Eavye mass (s desczibed

bcd f’u’p(e -pomevon diag vam

Fov SP it incvreases as SZA, c.e,
fas’fev than 6 ®%.s*,

Same fov diffractive productron

of two Lavge mmasses
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' Diffractive production in hadronic
| interactions.

In the simpflest teiple-Regge model too
P gge M

fast increase with enezgy 07( 6~5.D/.$

predicted. Account of rescattering attous

one to obtain 4 reasonable
‘ desciiption of expeziment
P !} eveh writh A=x02 (Aso(y(o)*.l)
4
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Mue‘tLaa,P configura‘tions (t1a)
Doubﬁe qap( DPE)

E % -~ 04mb at AHC
ol W& P (W;#h account of absozpizon}

Muﬁ'h%ap 3 at LHC
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Up to 4 qaps with Ajp/g,
Cross sections of these processes

p\rovide impov’cant consttaints on

theovetical models.



e Ha\ra‘ cll'{{vac‘h'on Ln @

hadvonic collisions.

Inge?manl S:_./)(e{n
approximation

Dist%ibu‘ﬁionsaf Ioa*&fons from lhe
pomezon are determined

from diffractive DIs ¥ [e,
Zasfge uncertainties P

Lh fB?(P‘Q’-) (es/ojeac’/\"ai//g at)

Disctrepancies ~10 with Tevatwon data

9

P

Howeve‘z “Lescatte'u'nys P

ave importanf. They
veduce cross sections.
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QCD fits of ]5‘._)[)("’) data

Extraction of the gluon and quark densities in the
pomeron from a DGLAP fit to H1 data

H1 2002 ¢,0 NLO QCD Fit

H1 preliminary
S g Singlet o Gluon Q?
S LF ’ S (GeV?)
N - N
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N N N
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H1 2002 6,° NLO QCD Fit
BE=l (exp. error)
[_1 (exp.+theor. error)

— H1 2002 ¢,° LO QCD Fit
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_— — New H{ fit

L | ! ] 1 1 I 1 1 { { 1

0.04 0.06 0.08 0.1 ' C.2 0.4 0.6



@
USuaNg these e](fects ate taken into
account in etkonal approximation
(eastic tescatterings onty)

; i T[’ae su/apzessdon faci‘oz
j (survival probabitity)

? g= JIMeble
Sl fIMs.b. ) db

Howevem thelastic (ntevmediate states
cah Pﬁay an L‘mpoztant zo0le.

see also G/ M
Ez)geru states with smabt absoz/ota’on
will lead to smatlez suppresscon

Consider this effects in the 2-channet
model KMR model (for detacts see )

V. Khoze , A.Maxtin M.Ryskin @ KMR.
Eigen states absozption Ctoss sections
differ stwnglg (3:4 times)

o
si-ol
¥ 0!

In paztomc model f/)ey co*zzes/aona/ to
conf[guunﬁdons of a/z//ezeﬂ sczes

[azge size - Zazg@ 6 — state |
Smatlller) size - smabler 6 - statel
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Next step: refation to paz'ﬁom‘c
:onfiguzatcons with different X. KKMR

{." .> Smatll size - mosffy valence quazk;

- x~i

/o./‘O(. : ::’ A
7e°e "’ e ® .
(%0 'o ’ Za'zge size - mosf[ Luons and seq
00. Q.. Qo.. / . y 5
RN 2 << 4
\ o V.

—

In this ap/ozoach (t s /oossz'bl’e to explacn
dt‘ffzactc‘ve la'wductzon of(//‘e'és at Tevatron
CDF
Not only an absolute maym'tade but
atso p- ole/oenc/erzce differs fromn Imea’zo
tions based on HERA data ( Note B
behaviout of CDF data fO'z Smafij) Fig.

K.Goubranos

Kl‘ne ma‘l:a‘cs; ?"‘0.06 M2= ?'S =2-l06-€e’V'z
2 = T A3 2
MJJ ijM 4-2 Gev
CCL-P: 510

p2025 — X35 0.02 mostfé/ geaon_g
P“Q025 — X, ~0.2 mosfﬁy valence g

Tl‘lus in this model SU/a/ozesséon facz‘oz
increases as B decteases ( for COF kinemat )

In this modefl it is /oossz'bfe 1o °ce/ozoc/ace.
CDF vesults without /’tee /cazamez‘ezs /-‘,‘i,
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a At much highe enevgies (LHC) the shape
of f—a/ist 2ibution will be closer o HERA resubt

Some Confeguencey

b) Fov W- /ozoducfion at Tevatron suppression
is smabler (~02).

¢) Foz processes mediated by gﬁuons (at

smatt x) Cike bb, I, suppression (s strenger
( 0.06+04).

d) C/zange 0/1 :a/:p“zessfon facz‘o*c with z o/ Q@
/aau‘on helps o wunderstand results on two
h/‘ﬁh Pr jets Se/oazatea’ éjx a Zazfe 'za/oza’/%
g

N Saffzes:/'on Incvease s
>, as %,; decrease

(Scfggesfeol by D, data)

N [ )

1t 7t
30 ,
R::: 3(;‘ =342 0.5} iﬁé%

ot 2 1 3 1
0 0.1 02 03 04 05
x
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Jets in diffvactive photopvoduction

and DIS.

"Divect’ component has a smatl
size and Cli{lle absorption. Xy =4
"Resolved” is absorbed in phof@prod.
Small effect in DIS,
Problem in pho'topv,oduc‘fion
To avoid pvoloferns with hig/'le\’ ovder
covvections use ta'é:os

d i 3 exg, M) 1, |2
det = "x“ﬂ?:"’ S0 ]

E_»(*vm)" Fp (x )959(/8/')

KKk MR (2003)



KKMR (2003)

R = diffractive/inclusive dijet production

0.1
0.08 |
no absorptio .
/absorption
006 - included
’ L
. -
0.04 | !
0.02
0 FTRVENEE ATEDU U IS AU ST EE S U RIS VS SN SN SUE AART AT BT A ST U i
0.1 02 03 04 05 06 07 08 09

Figure 6: The predictions for the ratio, R, of diffractive and inclusive dijet photoproduction at
HERA, of (4), as a function of z,. The curves have been calculated using the Pomeron flux
and gluon distribution in the Pomeron of Refs [13] and correspond to a y-proton c.m. energy
W = 205 GeV, dijet mass My, = 12 GeV, 3> = 0.03 and scale p* = 15 GeV?2. For the gluon
distribution in the proton we conservatively use that of CTEQ6M partons [16]. The use of the
MRST2001 or MRST2002 [17] gluons gives a value of R which is a bit larger. The predictions
based on single-Pomeron and multi-Pomeron exchange are shown as continuous and dashed
curves respectively. The ratio R of the high Q? processes is not expected to have absorptive
corrections, and hence should follow the continuous curve.

@
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This method has been used by Zeus

for siudy of dijet /:roducea/ with

Jorwared neutzons Y {,‘.
(mosf[y J7 - echange ). p 3T n
Data confivin q

suppression of “tesobved" component (i)

Note that R in DIS indicates an
amount o-f shadowin? foz g@uons in

fhe /o'zoion, g 9
R = @: ( for small R)

.3 -
P

Pf
R increases fast as x—»0 and exceeds

uni‘(:amiiy Cimit a!zeao/y rn HERA zegl'on,
(Ft'g.)
[azge am‘faziz‘y correctrons are needed

(feaa//'nj twist effeet)
Related to “saturation" pzobfern.
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Figure 8:

The uncorrected x3%° distribution for (a) inclusive events compared to

the expectations of HERWIG with multiple interactions, and (b) for neutron-tagged
events compared to the expectations of POMPYT and RAPGAP. The ratio of the
neutron-tagged to inclusive z9°° distributions is shown in (c) together with the ratio
of RAPGAP to HERWIG MI. The Monte Carlo predictions are area normalized to
the data in (a,b) and normalized at z3%° = 0.5 in (c). The ratio of the resolved to
direct cross sections as a function of Ei* is shown in (d) and (e) for inclusive and
neutron-tagged photoproduction. respectively. Resolved (direct events) are defined
by £°% < 0.75 (x2%° > 0.75). The ratio of the ratios shown in (dj and (€], i.¢€.
[(e)/(d)], is shown in (f). Only statistical errors are shown.
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R = diffractive/inclusive dijet production

Figure 7: Predictions for the ratio R of diffractive and inclusive dijet production. of {4). shown
as a function of z, for different scales p?. with 3** = 0.1. Absorptive corrections are neglected.

for quite a range of virtualities u?. This means that the application of the single Regge pole
approximation in the small z region is not valid and leads to a violation of unitarity. The
diagrams of Fig. 5, which take into account multi-Pomeron exchanges. must be included (as.
for example, has been done in Ref. [23]) in order to ensure that R < 1. and to restore unitarity®.

Comparing the diagrams of Figs. 5 and 4, we may say that the value of R of (4) represents the
ratio of the cross section for gluon diffractive dissociation (the lower part of Fig. 5) to the total
gluon-proton cross section. In analogy with hadronic interactions, it is reasonable to believe
that diffractive processes are less than one half of the total gluon-proton cross section (25].
and thus that R < 1. From Fig. 7 we see that, for gluons. this bound is already exceeded for
£, ~ 1074, Moreover, the violation of unitarity appears in this region of r, over a large interval
of u2. This is related to the fact that the diffractive production of states with small 3 is not a
high-twist effect. Note that here we discuss the absorptive effect caused by the rescattering of
intermediate partons (described by the multi-Pomeron exchange contributions shown in Fig. 5).
and not the rescattering of the fast constituents of the photon. The rescattering of intermediate
partons takes place at scales much smaller than the hard scale (*. The main origin of the large

3See also the discussion of this problem in Ref. [24].



® Doubﬁe Pomezon J'et onductéoxz

TL\fS oncess (s obsez\/ed
at Tevattron

Tes”’c O-f facfou‘zatb'on
by CDF

Cls'ss Fe(5)
R d@' Pl ifg(:f;—ﬂ \S\

**%P i

N doOop _ FPG) fP(F«) lS\
2 cl6 u :ri.]( ) ‘ “
Xy =3 /31.
R _ K@ %(P)x\fs(%) (_IS)Z KKMR
R, FP(?4)JC F.)xf (=) \52 (Rl 2008
A. Bia
L’f ?"f‘ ) )e‘)g* (z: x") R. Pesianljj

Fom smyé’e Kegye exc/mnge ( |S]= i)

R=1
wWith account of ab;ozPi'don

S =01 |S|=005 KMR
‘ Ll' ! Nete that

R= 02 1S, 18,1
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@ Cstimates of the cross ©
section for DPE Higgs onduc‘lfion
¥9)

H coupfes o 2! 93
Soit can be a) H

pzoduced in Yy coblisions oz in pp

Smabl ©
H (exeelo'/: foz

very gmabl
piZ (0 73 CeV)

P A Scl"@{fé’ O N"V‘Z%hlﬁhn
R. Jc/zopf(M?O)

A Bialas PV. Landshoff (199Y

ﬂ- ‘ F BMillex AJ. Schraivm (1979
Simple estimate: e“‘ '""( ) ~
~ 0.1 &,

Lazge ctoss sections ~ 1[013

Puiz0 Sdtk_l K2 Soft physics 2



Two impoz'[‘an‘l': effects
ate mfss/n?

1. Sudakov suppressior

Small k. are suppressed foz

hatd pzobe M~ Mu

Smafé_ L(_t zegion /'S o/qrn/:)ed
ki = 4 GeV" for M, =120 GeV
2. Unifa'zi'éy effecz‘s:
sutvival Ib*zobabifiiy not fe have
inefastic muff/'/oazz‘/'c'fe produc-

tion a/uz/'ng cobllisior.
MR (1 Kb i 6k
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Cabeulation of cross section
in QCD Pev'tuvloa‘tion. ‘theozé/ g
‘MK

4 H j Q(@r 1_’:1)(@1”?2

J |
P *fa(xi,zc' 4,)‘, )fa(xz,x‘,, ,'|/M l-t)
A"__: K \Iia“af;;o(:(m:) . K=15 NLO factor

Vo= (Q-P(Qfu) ) F= %
Q.= min {0.)8- Pl\} Q,= m:n{QJ)|Q+Pu§

o ~ Q.L.<<x"'m_t‘ X1 ) X, X, = ——-ﬂm
\3 \s® S
x,—x’z;—.a:;'

at LHC ox,~107%
:8:3 (% QT/u,’-L) = ]Cg (z, ! Q?/f) FN (t)
I:N(,l:)::.exp(bt) ‘/ b= 2 GCVZ](*'wm

‘ T/v pwducfiah at HERA
g1%g N
P UTPT )Ca (x,%,Q, 4, 1)



To sing@e &Dg accuracy @)
I A2 2 - 9 2 zﬁ 2
1) B G

M -8

= - { ols(K) Kk
T exp( i sz(ﬂe)ctza Sqalz [ZP (2) +
0 Q Yo
Sudakov + 2Ty (ol

foym-factor g ks __ '\ o weproduce

2 et 0€My /! complete

Tzexp(- ‘%‘t',nz(%:)) one !ao/o eesullb

(9 rce ) s not sensitive o
Q.

small QF tegion
for U~506eV  Q*x(3+4) 6eV"

R& takes into account that z='#z.
For small x it can be determined
(uncezfa/’nfy ~42y R=12

=.L2):?_'_’3 r Ag+7 . o/ A
Ry= % F(C\’;'/Z)) gxD~(3)

L 4
TWE



G (b Stvonq veduction
< ~ of cross section

1y
Suw,vivaﬁ onbabffify" decreases
as enezgg Increases

ol vo=18Tev 1517005
Vo= 14 TeV -v= = 0,026
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anae resubts for SM H. 35 (n m&\r}
b
6 = Qz{b Tevattion 6 Al e Y
3 fb  LHC 'A%;ﬁm,m
Small ctoss sections, but Vezy

clean signal due to suppression of

baokywunof

, rot smabll t, t, <1 GeV"
P bb- sys't:em is /moa/aceo/

P (n %,=0 sta‘te KMR

Suppzessron ~ ———f— ~ {02

E,

%r;3-e-4 ; f-oz AM = 1 GeV

Extension To MSSM =
3 heutval Hi%s bosons h,H; A
. \ﬂ“_c' 0"

mh5135‘GeV O

=U
Iﬁg‘t}znsj coupfing zeg/‘me of MSSM
(}ﬁ >>4 , My xNMy=mMmpy
XY, Ww* 2 2% modes aze su/a/azessec/
Sﬁwng (~‘tjﬁ) coupfmg 1o bb
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Z,a'tge 99~ h,H, A caupf/‘ngs--

-éaz(ye czoss sections

h and H in this bimit can be
easity obsewved at LHCE. (Fig)

If a state is observed in DPE it

has: =0, C=+ P=+ (P=- small &),

color neutral ol ffe ,
Possibility to study differen |
deca rgodes ang to detezmine
bwarmhing ratios.

Sedzc/) 7[o'z hard exclusive DPE
f?'wcess at Tevatron

FP=PJip , pP—~PXP
G;i'(;_::,zs- GeV) = 40,:5

6"'.:" (34 i5:i0)pb tecent CDF

dg. ;zo tesultls are consistent

“5 !9=o: 130 nb

with ‘//)eoz F'tedic'tfonS



Central exclusive diffractive production

( Br(h/H—bb) (fb)
102 hH tanf} = 30
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e Doubfe pomeron exchange €

as spin-patity analyzex
" ptn-p J 4

‘l: =-po 'tz = - 2
R P2 S F:- i F 3/ F"S-l a(e) s oLy 4
PS s, T = 313 ('I:a) 3“ ('l:,) (‘gi‘) ( -;':-) .

= hX . . o
B‘ .E" P" * Z,(I(tl) ?o-(r(-tb g?r( P?.L, F"L; F?Pl)

h X K.Boreskov (1970)
Steuctune of The 9pp vertex oleFenols on
quan‘tum, numbeas of h. X-heeicﬂc‘j

¥-angle between Fand Pay

0" alepeno'ence onY is detetminecdl by
dynamies ( weak fov Higgs boson)

A 2 2 — =\ Gk
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Figure 4: The azimuthal angle between the fast and slow protons {#) for various final states.
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it is completely determined [SGMR]. The apparent infrared divergence of (21) is nullified for
h(0%) production by the Sudakov factors embodied in the gluon densities f;. However the
amplitude for h(0~) production is much more sensitive to the infrared contribution. Indeed
let us consider the case of small p;; of the outgoing protons. Then, from (22), we see that
Vio+) ~ Q3%, whereas Vh(o-) ~ P3LPsy (since the linear contribution in 1 vanishes after the
angular integration). Thus the d2Q,/Q% integration for h(0*) is replaced by p31ps1d°Q./Q%
for h(07), and now the Sudakov suppression is not enough to prevent a significant contribution
from the Q3 <1 GeV? domain.

To explore the infrared sensitivity we use GRV partons [GRV98], which extend to the
relatively low scale of @Q* = 0.8 GeV?. In Fig. 4 we compare the results for the ¢ dependence of
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Figure 4: The ¢ dependences of diffractive exclusive h(0*) and A(07) = h(0~) production,
pp — p + h + p, at the LHC, with m, = 120 GeV. ¢ is the angle in the transverse plane
between the outgoing protons. The curves are for central rapidity and do not include absorptive
corrections. They correspond to the effective luminosities for the gg — h(0*) subprocesses
integrated over the outgoing proton momenta p;,, assuming an exp(—bp? ) behaviour of the
unintegrated gluon densities f,, with slope b =2 GeV~2,



Conclusions (35

° In\/es'l:i 8aqf£orz, o{o(i-f{rac‘tive
ptocesses at LHC will /azovio/e an
/'mpovian‘f information on
dynamics of hadvonic intevaction:s

at Supevhigh energies.

® Unitaviig e{fec‘ts ave l'm/bor‘lanf
fov undevs‘tanolmg ofol:ffmci:orz

at these ene\fgles

o DPE pvoducf\on of Higgs,bosons
can be studied at {HC with a good

siana@ to backﬁvouno’ vatio.
Good possibifl‘i(es for studg of
MSSM Hi%s bosons in DPE.



