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ﬂ? Our recent works

Recently we have calculated differential cross sections in:

® pp — pprf
® pp — ppJ/yp Wolfgang Schafer
® pp — ppx.(0) this talk

based on:

#® A. Szczurek, R. Pasechnik and O. Teryaey,
hep-ph/0608302, Phys. Rev. D75, 054021 (2007)

# W. Schafer and A. Szczurek, Arxiv:0705.2887, in print
In Phys. Rev. D

# R. Pasechnik, A. Szczurek and O. Teryaey,
Arxiv:0709.0857



ﬂ? Introduction

Exclusive reaction: pp — pXp (X =1, 1., b, Xe» Xb )-
At high energy - one of many open channels (!)

— rapidity gaps.

® (a) Search for Higgs primary task for LHC.

Diffractive production of t
Inclusive production (bac

ne Higgs an alternative to
Kground reduction).

A new QCD mechanism
Khoze-Martin-Ryskin.
Not possible to measure

oroposed recently by

Higgs at present.

Replace Higgs by a meson (scalar, pseudoscalar)

#® (b) The mechanism of the exclusive production of
mesons at high energy is not well known in detalil.

® (c) Possibility to study differential distributions.



#lp pre-QCD mechanism
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ﬂ? QCD motivation

HERA ~*p total cross section (Fy(z, Q?))
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§kp QCD mechanism

Asymmetry initial-final state.



§lp QED mechanism
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ﬂ? QCD mechanism

Khoze-Martin-Ryskin (Higgs production) (scalar —
pseudoscalar)

pp—pn'p

Mgg —”7 =T 8/d2]€0t V(k17k2,PM) (1)

fgoff(xlv :Ellv k(2),t7 k%,t? tl) fgoff(x% :LJ27 k(%,t? k%,tv t2)

2 1.2 1.2
kO,t kl,t kQ,t

(2)

foll(...) — off-diagonal gluon unintegrated distributions
Off-diagonal unintegrated gluon distributions — ?

o (n,al R k2 t) =\ FO @ KR - £ (k2 - B (6 )

PO (g, K2 K2 1) = A AP, k2,) - £ (0, K2, - F (1ol




ﬂ? QCD formalism
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¢k QCD formalism

U (ky ko) = —g (t553b(ky, ko) — 12851 0(ks, k1)) (10)
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¢k QCD formalism

Our vertex (off-shell)
gtz R'(0)
VCiCQ ’ — 8 2
X5 (a1, q2) g M JaMN.
3M2(Q1,tQ2,t> + QQ%,tqg,t — (91,tq2,t)(Q%,t + q%,t)
(M2 —qi; — 43,4)° |

KMR vertex (on-shell)

(19)
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VILGIM > quy, qog] =~ 8ig?oee ]\}3) {3(611,t612,t)} -

(q1.4G24).  (20)



ﬂ? Phase space and kinematics (part 1)

1
25

dpy &y,  d*Py
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ﬂ? Phase space and kinematics (part 2)
1 Vs

xp — 0 then J =~ (25)
\/ 13 +4my, /s 21y

d>PS = i Sdtldtgdydcb. (26)

51,2%1;\/x%+4”;727,$$;. (27)

S0~ 1 — % exp(+y) - (28)

t12 = —p/12/2’t — 1= 51,2)2771]29 : (29)
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ﬂ? Unintegrated gluon distributions (part 1)

Gaussian smearing

Hjnaive(xa /i27 M%’) — g
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coll (
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ﬂ? Unintegrated gluon distributions (part 2)

Golec-Biernat-Wuesthoff saturation model
from dipole-nucleon cross section to UGDF

30’0
47?2

T A2 1
Ro(x) = o) G (35)

Parameters adjusted to HERA data for F5.

aF(, /<;t2)

RQ( Vk: exp(—Re(v)k7) (34)

Kharzeev-Levin gluon saturation

it .2 2
F(x,Kk?) = Jo 2 I <@ (36)
fo-= ifr*> Q2

fo adjusted by Szczurek to HERA data for F5.



il? KMR UGDF

ngMR(xa mla Q?a ﬂ27 t) — ngMR(x, 37/, Q?, ,M2) eXp(bOt)

0

(37)

Mo Q) = By |\ T(QE )20

(38)

g (k2) dk2 1A
T(Q7, 1*) = exp < /Q? QZ(W ) 2 /0 [2Pgq(2) + qug(z)]dz> :



il? KMR UGDF

Q. (GeV?) Q72 (GeV?)

Figure 1: ;> = M (left panel) and p* = (M, /2)°
(right panel).
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Photon-photon fusion

I/T/H
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After some algebra:
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il? Equivalent Photon Approximation

o= [dades (0 G0ty = 0)

(77 = Xe(0)) & =5 Doy 0(M — Mg) . (43)

(44)
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Equivalent Photon Approximation

do 2IM dn dn, A2
- —(22) =Ty ()= 0 (M —MRg) .
drxpdM 3(21 T 22) dz (Zl) dzo (22) M% Xc(0)—yy ( R)
(45)
do 2MPp dn dn 472
dre — T\ (0) =y 5 46
drrp  s(z1+ 22) dz (1) dzg( %) M2 c(0)—=vy (46)
where
1 1/ ;
21 = §SE‘F + 5\/1'}7 —|—4MR/S 7
1 1 (47)
2= THTF + 5\/56% +4Mz /s .

The analytical flux factors of Drees and Zeppenfeld are

talran



ﬂ? Pomeron-Pomeron fusion

M= Xed m Ap(st,th)(pr+p))” Vi, X7 (ki ko) (pat+ph)H Agr(s2, ta) -

(48)
Ar(s1/2,t1/2) are so-called Regge propagators.
Cp 51/2 ’ P
Ar(S1/2,t12) = 1e 3 - Fy(ti2) . (49)
0

Cp - Donnachie-Landshoff

FY (t1/2) describe helicity-preserving coupling of the
pomeron to the nucleon. Dirac EM form factors of the
proton.

r.~ 0.2



ﬂ? Diffractive production = central production

X-(0%)
W = 1960 GeV

KL UGDF
KMR vertex

gap in longitudinal momenta between y.(0) and outgoing
protons



ﬂ? Uncertainties for KMR UGDFs

1) Q1 t = mm(% 47 t) Q%t = min(q%)t, qg,t) ,
2) Qi,=max(qy,,¢1,4), @z =max(qoy, aay)
3) Qlt_Q1t7 Q2tZQQt

4) Qu—%ta Q2t:%t )

5) Q1 (%t"‘fht)/Q Q2t (QOt+Q2t)/2
o ———
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do /dxe (nb)

effective Q7

X.(0*)
W = 1960 GeV




ﬂ? Uncertainties for KMR UGDFs
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The solid line: p* = M?
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&€ Uncertainties for KMR UGDFs
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off-shell versus on-shell
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dashed line: on-shell, solid line: off-shell.



il? off-shell versus on-shell
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dashed line: on-shell, solid line: off-shell case.
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off-shell versus on-shell

off/on
o

—

0.6
0.4
0.2

)

W = 1960 GeV
KL

-4 -2 0 2

meson mass M = 3.41, 10, 20, 50 GeV

4



il? off-shell versus on-shell
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ﬂ? Other UGDFs
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ﬂ? Other UGDFs

do/dt (nb/GeV?)

—t (GeV?)
The solid line: Gaussian distributions with oy = 0.5/1.0 GeV.



ﬂ? Other UGDFs
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The solid line: the Gaussian distributions with oy = 0.5/1.0
GeV



ﬂ? t, X t, correlations

do/dt, dt, {nb/GeV*)

oo

do/dt, dt, {(nb/GeV*)

SPEEREER.

do/dt, dt, {(nb/GeV*)

do/dt, dt, (nb/GeV*)




ﬂ? Gaussian UGDF

Gauss
x(*)

O+
1960 GeV ( )

1960 GeV

-0.4-0.2 0 0.2 0.4 -0.4-0.2 0 0.2 0.4
X¢ X¢

Left panel: 0 = 0.5, 1, 2 GeV and p5 = p* = M. Right

panel oy = 1 GeV and different scales ( 1: solid, 2: dashed
and 3: dotted ).



ﬂ? Photon-photon fusion
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ﬂ? Pomeron-pomeron fusion

10° —r————r——r——r
10%
10°
102

do/dx: (nb)

10>k IP—IP
4 F
10 X.(3400)
oS b W= 1960GeY |
-0.4-0.2 0 0.2 0.4

X
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Photon-photon vs pomeron-pomeron
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The two-photon (dashed, blue) and two-pomeron (dotted).



#f Photon-photon vs pomeron-pomeron

do/do (nb)

Two-photon (dashed, blue) and two-pomeron (dotted).

o x(0")*
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Energy dependence, RHIC and LHC
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Rapidity distribution

/'\1O4E'I"'I"'I"'I"'I'E
O - .
-
~— KMR vertex
5 10°F E
\ [ :
o :
5o, L’
2 .
10°F /0 x(Q),
Wz 196QGeV
10 ] ’
1

KL—dashed, GBW-dotted, BFKL—dash-dotted



Correlations 1
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lons 2
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ﬂ? Correlations 3
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§lp Exclusive vs inclusive production
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ﬂ? Outlook, absorption corrections

| was talking about bare amplitudes.
There are ISI and FSI effects destroying rapidity gaps.
Must be included (!)
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Conclusions

9
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Big uncertainties in the Khoze-Martin-Ryskin
approach.

Huge sensitivity to the choice of UGDFs.
Large off-shell effects.

Different shapes for (d“) for different UGDFs.

Strong deviations from (1+cos(2 o)) for QCD
diffraction.

o(photon-photon) < ¢(QCD diffraction).
Different shapes of both components.

Sizeable but not dominant contribution for exclusive
J /v production via x.(0) — J/yy.
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