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Introduction

Exclusive reaction: pp — pXp

(X =H,Z,1' 1,y Xes Xbs i /Y, T )-
At high energy - one of many open channels (!)
= rapidity gaps.

Search for Higgs primary task for LHC.

Diffractive production of the Higgs an alternative to inclusive
production (Biatas-Landshoff).

QCD mechanism for the central exclusive production
(Khoze-Martin-Ryskin).

H — bb versus bb continuum

exclusive diffractive production of Q@ interesting by itself



The QCD mechanism for exclusive QQ production

cc : central exclusive open charm production

R. Maciula, R. Pasechnik and A. Szczurek, Phys. Lett. B 685, 165
(2010) arXiv:0912.4345.

bb : background to exclusive Higgs production

R. Maciula, R. Pasechnik and A. Szczurek, arXiv:1006.3007.
4-body process

with exact matrix element

with exact kinematics in the full phase space



Kinematics
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Kinematics (continued)

Decomposition of gluon momenta into longitudinal and transverse
parts in the high-energy limit:

g1 = x1p1 + Qi G2 = op2 + Qo 0<x1p<1,
Go = x1p1+ P2+ Goe, X~ Xp K X2, Q(Z),1,2 = Clg/1/2,t-

Making use of energy-momentum conservation laws
/ /
q1 = p1 — P1 — 9o, g2 = p2 — p2 + qo, q1+ g =k + ke
we write
SX1Xg = Mgé + ]Pt\2 = I\/lgayj_, I\/lg(—, = (ki + k2)2 ,

Mgg — invariant mass of the qq pair, and P; its transverse
3-momentum.



The amplitude for pp — ppQQ
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where \g, \g are helicities of heavy g and g.
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g*g* — QQ vertex

k| -factorization approach

reggeized gluons + UGDFs + gluon g (virtualities) are important:
prominently successful in inclusive heavy quark production!

P. Hagler et al, Phys. Rev. D 62, 071502 (2000);

Phys. Rev. Lett. 86, 1446 (2001).

Vs (a1, G2, ks ko) = nin, VISH M (a1, @2, ks ko),

VRS (g1, G2, b, k) = —&% D (37, 3K[1) %
ik
Oy (ki) (G162 (q1, G2, ks ko) — t2 LD (g1, 2, ki, ko)) vag (k2)),
v 371 - ll}l —m
(- k)2 —m? !

M g — ko +m o
(g1 — k2)? — m?

b""(q1, g2, ki, k2) = M

b (q1, g2, ki, ko) =




g*g* — QQ vertex

The tensorial part:

h—k—m
q1 — ki)? — m?

Vi, (a1, a2, ke, ke) ~ g2 U, (k1) (’YV(

g1 — ko + m
_ ~M v 7k .
T o=k —m?’ )VA"( 2)

Matrix element calculated numerically for different
helicities of Q and @




Unintegrated gluon distributions

Different models on the market:

scale independent: BFKL, Kharzeev-Levin

scale dependent: Kwiecinski, KMR
In the present analysis we use Kimber-Martin-Ryskin UGDF:

d
f(x, ki > %) = W[Xg(X, Q) To (@, 1%)] o2

(Diakonov-Dokshitzer-Troyan)



Sudakov form factor

Probability of no emission (rapidity gaps)

K ag(k2) 1A
Tg(q?,u2) = exp (‘/ k72t 2(7rt) / [2Pge(2) + Z Pqg(2)] dz
q? t 0

f

_ _ke
A= ke+p

For large 1 strong suppression.



~*v* — QQ subprocess

Matrix element at high-energies and small t; and to:
+ Y s _ + /\v
M ~ eFl(tl)(pltlpl) \/uryv —>QQ(ql7 qz)(p2t2pz)e/:1(t2)

where F; is Dirac proton EM ff

VY =QQ _ 2 — v al - /;1 —mQ _u
VAQ/\QW = (eer) u’\Q(kl)(fy (g1 — k1)? — mé7

o é\’1_/,;24’"'76? v k
o ol4)-




The pp — ppQQ cross section

Exact four-body kinematics

1
do = | Moa|*(27)" 6% (pa + Pb = P1 — P2 — P3 — pa)
d*p1 d*p> d>ps dps

" (2n)32E, (27 )32E, (27)32E; (21)32E,

with exact (including quark mass and gluon virtualities!) 2 — 4
amplitude.



The pp — ppQQ cross sections
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integrated over total invariant QQ mass

2mQ < MQQ < 200 GeV!

The pp — ppQQ cross sections
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The pp — ppQQ cross sections
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The pp — ppQQ cross sections
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The pp — ppQQ cross sections
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The pp — ppQQ cross sections
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The pp — ppQQ cross sections
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Irreducible bb background for Higgs CEP




Exclusive Z° production
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Cisek, Schafer, Szczurek,
Phys. Rev. D80 (2009) 074013.



Exclusive Higgs production revisited

Subprocess amplitude for g*g* — H

1
To(a1, 2) = l5abgf{[(q1qz)gw 91.920]G1(q1, G2)

2 2

+ | q1uQ2r — ( qq )ql,uq ((;1722)(72uqzu] G2(Q1>CI2)}

v = (GFv/2)~1/2 (Pasechnik-Teryaev-Szczurek)
Eur. Phys. J. C47 (2006) 429.

2 2
my Q1 q5

= 0, = 0, —== <0 1

X = 4m%> X1 = 42< X2 = 4m%<, (1)
2 7 2 11

Gi(x, x1,x2) = 3t 30X+21X +%(X1+X2)+ .....
4
G2(X>X1,X2) = —E(X—Xl—m)—ﬁx + ..

virtualities contributes only 6 % in the total cross section! small!



Exclusive Higgs production

(nb/GeV)

do
dydpt

This distribution is used to produce distributions of b and b



Exclusive Higgs production
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Higgs CEP backgrounds
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The same gap survival factor is taken: (S2) = 0.03



Where the background comes from?




Where the background comes from?
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Optimal cuts

pp-ppbb M5 0(110,130) Gev Yy - bb M, 0(110,130) GeV.




Summary

e Exclusive double diffractive bb was calculated using UGDFs
obtained with different integrated gluon distributions.

e Exact matrix element was calculated numerically, including
explicitly quark masses.

e Sizeable cross sections have been obtained which can be
measured.

e The continuum constitutes irreducible background to
exclusive Higgs production.

e If the experimental resolution is included the signal to
background ratio is about 1.

e This can be further improved if cuts on rapidities of b
quarks/antiquarks and/or on transverse momenta of protons
are imposed.

e Further studies are necessary.



