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Introduction

@ Standard search for Higgs boson in inclusive processes
pp — HX. X means a complicated final state with many
mesons.

@ The dominant mechanism is gluon-gluon fusion.

@ Several decay channels of interest:
vy, 777, bb, jet-jet, (WTW~, Z9Z° tt)
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fi(ay, k1)
> -
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ho X

Analysis in each of the channel complicated



Introduction

Exclusive reaction: pp — pXp

(X = HazvnlanmnbaXCaXbr 1, ¢, bb )

At high energy - one of many open channels (!)
= rapidity gaps.

@ Search for Higgs was primary task for LHC.
Diffractive production of the Higgs boson would be a nice
supplement to inclusive production.
proposed by Schafer-Nachtmann-Schopf and Biatas-Landshoff
(simplified QCD approach)
A new QCD look with UGDFs (Khoze-Martin-Ryskin).

@ H — bb versus bb continuum

@ exclusive diffractive production of QQ interesting by itself



The QCD mechanism for exclusive Higgs production

3-body process
KMR: on-shell matrix element
Pasechnik-Szczurek-Teryaev: off-shell matrix element



The QCD mechanism for exclusive qg

qg = bb : background to exclusive Higgs production
4-body process

with exact matrix element (without J, = 0 selection rule)
with exact kinematics in the full phase space



Kinematics, continued
Decomposition of gluon momenta into longitudinal and transverse
parts in the high-energy limit is

g1 = x1p1 + Qi G2 = xop2 + Q¢ 0<x1p <1,
Go = X1pL+ P2+ Qo XL~ X K X1, Go12 ™ Goyiyae

Making use of energy-momentum conservation laws
/ /
g1 = p1— P1 — o, g2 = p2 — P2 + qo, g1+ q =k + ko
we write
sxpxo =M+ [P =M |, M= (k+ k),

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



The amplitude for pp — ppQQ
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where A\g, A5 are helicities of heavy g and q.
f;’i’c( ...... ) and fgog( ...... ) - off-diagonal unintegrated gluon
distributions

ms, My,
X1 = 7; exp(+ys) + 7; exp(+ya) ,

m37 m47
Xp = 7; exp(—ys) + 7; exp(—ya) -



gg — QQ vertex

VS (an: a2, ka ko) = iy VI (a1, 62, k. k),
V;;ii_;/""j(ql’ q2, k17 k2) = _g2 Z <3/, 3k‘1> X
ik
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gg — QQ vertex

The tensorial part:

-
VA (a1 @2, kis ko) = g2(1R) UAq(k1)< (q1 k)? = m27

G1— ko +m
BACEr= )t

Matrix element calculated numerically for different spin
polarizations of @ and @



gg — QQ vertex

The exact form of the vertex depends on the frame of reference
(proton-proton c.m.s., QQ c.m.s.).

It can be shown:
G Varg,w = 0 for each Ag, Ag
qy Vigrg,uw = 0 for each Ay, Az
gauge invariance

Define:

Viaghs = M My Vagag

Then:

V)\q)\a — 0 when g1t — 0 or gor — 0



gg — QQ vertex

Let us take QQ c.m.s. frame
In general the vertex is a function of many variables:

V% (a1, G2, ki, ke mq)

Two matrix elements are independent: V, _(...) and V. (...)
formulas will be shown explicitly in a paper in preparation

Let us go to massless quarks:
Vi1 — 0 when mg — 0 (J, = 0 only)

vV
|‘V++‘| < 1 for large Mgg



Off-diagonal unintegrated gluon distributions

KMR method (x; < x; and x; < x2)

dlg(x1, kg)51/2(kt2> M2)]

dg(xl,kf) 2 2
Rngkg‘kf:Qit S1/2(Q1 e, 1%) Fl11),
dlg(x2, k7 )S1/o(kZ, 12)]
f2KMR(X2v Q22,t7/‘2’t2) = Rg dt|0g;<? : ‘k§=Q§t F(t2)

dg(X2> kl?)
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Collinear gluon distributions

Scales of collinear GDFs: u? = g2, or 13 = g3,

(scales = transverse momenta squared of active gluons)
xg(x, u?) for characteristic 12 = g2:
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Sudakov-like form factor

It was proposed (Martin-Ryskin:)

51/2 qt) =T, qtv 1?) .

Mde 1-A
) e 9L [ ap

2
1

where the upper limit is taken to be

ki

A= ————7— .
kJ_‘i‘ana

KMR: a = 0.62, Coughlin-Forshaw: a=1

Z qu(z)} dz)7
B

()



Sudakov form factor

tznu'z)
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The pp — ppQQ cross section

Exact four-body kinematics

1
do = Z|M2—>4|2(27T)454(Pa +pb—P1L— P2 — P3 — P4)
y d*py a*p dp3 dpy
(27T)32E1 (27T)32E2 (27T)32E3 (27T)32E4

with exact (including quark mass) 2 — 4 amplitude.



Exclusive Higgs production

R. Maciuta, R. Pasechnik and A. Szczurek,
arXiv:1006.3007 [hep-ph], in print in PRD
Subprocess amplitude for g*g* — H

1
T ) = 052 (o) — o161+

93 7% aiq3
+ |q1uPr — ——=G2,uG2 — q1,1.9 +7q,qz,]6>,
PR T (qig) T () T (quge)? ]

v = (GFV2)~1/? is the electroweak parameter. Let us introduce:

My a3 9
= > 0, = —= <0, = —= <0,
X= 4mf X1 4m,2r X2 4m,2,
Since m?, > |q3], |q3|
2 7 2 11
G = — |1+
10 x15 x2) 3 |1 3gX T 5 3O(X1+X2)+ ,

1 4
——(x—-x1— X2)——X + ..



Exclusive Higgs production

_ 1
MZZCZ',L%” = 57722 N2 1 /d2 OtV gt g —»H(Qu CIA 'DL)
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4 qu qu

T
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b 2 2 b
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The cross section

1 1
d0pp—pHp = 5= IM2-d3PS, d°PS = S It dtdynd®.



Absorption effects




Absorption effects, continued

‘Mbare(Pl,ta P2.¢) + M™(p1e, P2,t)|2 (3)
|Mbare(py ¢, pa,e) |2

where py /5 ; are the transverse momenta of the final protons
The elastic rescattering amplitude at high energy:

d2kt

Sgik(pld-“’ P2,¢) =

M res —

—ﬁ(tl) (1“2)/\/11:;,;re/\//oeB(s)kfz/2 ; (4)

where t; =~ —(kt — 51t) and t, ~ —(l_é — Por)?
If 3(t) = eP*/? the amplitude can be written as:

res iMO(S) b2|p17t — p27t‘2 bare 3
M (p]. t7p2 f) 47TS(B+2b) exp 2(B+2b) M (p17t7p2,t,
where TmMo(s) = sopo (s)

(the real part is small in at high energies)

B is the t-slope of the elastic pp differential cross section,

b ~ 4 GeV~? is the t-slope of the proton form factor.




Absorption effects, continued

Absorption effects:

@ Elastic rescattering (single channel)
@ Inelastic rescattering (multi channel in general)
In practice two-channel approaches.

@ Enhanced diagram corrections (not clear how important)

Very often the cross sections and even distributions are multiplied
by a soft gap survival probability

Here we follow this approach (Sg = S,(s))

This is not yet consistent!



Exclusive Higgs production
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Exclusive Higgs production
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Exclusive Higgs production
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Exclusive bb production




Exclusive bb production

CTEQ®6
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Exclusive bb production
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Exclusive bb production

CTEQ®6
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Exclusive bb production

pp-ppbb \s =14 TeV
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My, spectrum, theory
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My, spectrum, experiment
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S E
8 77l CTEQ6 NLO E
S
S E
p 3
s 3
° E
[¢) -
© 3

200

M,; (GeV)

@ Looks rather difficult

@ How to improve the signal-to-background ratio 7



How to get M,; = My ?

EDD pp - pphbb
O
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(p1t, pot) distributions for different mechanisms
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(vb, y5) distributions for different mechanisms

pp-pHp, H-bb

diffractive background  QED background diffractive Higgs



Jet transverse momenta
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Rapidity difference
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My, spectrum, cuts
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How to cut?

1176 < M; < 122.4 GeV.
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both cut in rapidity and transverse momentum is possible



Correlation of variables
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For narrow bin in Mz vgirr = yp — yg5 and jet transverse
momentum are strongly correlated.



Longitudinal momentum fraction loss
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Lower cut on gluon transverse momenta
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Summary of the EDD Higgs and bb production

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

@ Exact matrix elements for the Higgs and continuum have been
calculated (analytically and numerically), including explicit
quark masses for bb

@ 0 < 1 fb (Cudell-Dechambre-Hernandez)

@ Sizeable cross sections for c¢ and bb have been obtained, i.e.
the processes can be measured.

@ The continuum constitutes irreducible background to exclusive
Higgs production.

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

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



