
Introduction Gluon fusion production Photon fusion production Results Conclusions

Diffractive central Higgs production in ion collisions

Werner K. Sauter Victor P. B. Gonçalves
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Motivations

The Higgs Search:
A process to measure a reliable signal of the Higgs boson

Central particle production: in high energy regime to produce the
central system ⇒ in Higgs case1 limits of mass:
113 GeV < mH < 200 GeV;

Rapidity gaps events: easy identification; diffractive IPIP scattering
or photon-photon (γγ) interactions;

Very low background; precise measurements of Higgs proprieties
(spin, mass);

1Standard Model
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Objectives & models

In this work:
Central production of Higgs boson in heavy ion collisions to
compare the cross sections (cs) with pp scattering in γγ and

gluon-gluon fusion.

Models for hadron production:

1 Gluon fusion:

Khoze, Martin, Ryskin (“Durham Model”);
Bialas, Landshoff; Boonekamp, Peschanski, Royon (“Saclay
Model”);
Bartels, Bondarenko, Kutak, Motyka;

2 Photon fusion: Equivalent Photon Approximation;
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Khoze-Martin-Ryskin model

Partonic amplitude ⇒ hadronic amplitude: parton distributions;

Proton-proton scattering amplitude:

App→pHp = Vπ3

∫ ∞
Q2

0

dQ2
T

Q4
T

fg (x1, x
′
1,Q

2
T ,m

2
H/4)fg (x2, x

′
2,Q

2
T ,m

2
H/4)

(1)
where V is related to gg → H vertex (+ NLO corr.).

fg : proton off-diagonal unintegrated gluon density

fg (x , x ′,Q2
T , µ

2) = Rg
∂

∂ ln Q2
T

[√
T (QT , µ)xg(x ,Q2

T )
]

(2)

where Rg is the ratio of off-diagonal and conventional distr.
(Rg ' 1.2); g(x ,Q2

T ), integrated gluon distr. (CTEQ);
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KMR model: probability survivals

T is the survival probability of hard gluons (Sudakov factor):

T (QT , µ) = exp

{
−
∫ µ2

Q2
T

dk2
t

k2
t

αS(k2
t )

2π

∫ 1−∆

0

dz

[
zPgg (z) +

∑
q

Pqg

]}
(3)

σtot includes a soft rapidity survival gap (S2).
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Nuclear case

Change to the nuclear gluon distribution (EKS98, EPS08, DS):

xg(x ,Q2
T )→ ARA

g (x ,Q2
T )xg(x ,Q2

T ) (4)
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Equivalent photon approximation (EPA)

C.s. for collision of two nucleus (A & B) in ultra-peripheral
collisions (UPS):

σAB→AHB =

∫ ∞

0

dωA

ωA

∫ ∞

0

dωB

ωB
F (ωA, ωB)σγγH(ωA, ωB) (5)

where σγγH is the hard c.s. for γγ → H and F is a “folded”
photon spectra:

F (ωA, ωB) = 2π

∫ ∞

RA

b1db1

∫ ∞

RB

b2db2

∫ 2π

0
dφNA(ωA, b1)NB(ωB , b2)

×Θ(b − RA − RB),

with b2 = b2
1 + b2

2 − 2b1b2 cosφ; RA,B , the particles radii.
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E.P.A. (cont.)

NA,B is the Weizsäcker-Williams equivalent photon flux,

N(ω, b) =
Z 2αem

π2

(
ω

γv2

)2 [
K 2

1 (x) +
K 2

0 (x)

γ2

]
, x =

ωb

γv
(6)

The hard process c.s. γγ → H:

σγγH(ωA, ωB) =

∫
ds δ(4ωAωB − s)× 8π2

mH
ΓH→γγδ(s −m2

H) (7)

Performing a approximation in the luminosities (Cahn/Jackson)

σAA→AHA =
8π2

m3
H

ΓH→γγ

[
τ

dL
dτ

]
(8)

[
τ

dL
dτ

]
AA

=
16Z 4α2

em

3π2

3∑
j=1

Aje
−bjz , z =

mHR

γ
, (9)

ΓH→γγ ' 3 keV (mH/100 GeV)3
. (10)
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Present calculation

Choice of parameters in KMR: Qmin = 0.3 GeV, Nc = 3, Nf = 4,
ΛQCD = 160 MeV, VNLO =

√
1.5.

Soft survival probability gap is process dependent (work in progress):
S2 = 3% (same as pp in KMR) or S2 = 0.00008% (in PbPb by
Miller/Levin) for gluon fusion and S2 ' 1 for photon fusion.

Luminosities in EPA: in “full” calculation, Rp ' 0.7 fm,
RA ' 1.2 fmA1/3; in “effective” calculation, pp are Ohnemus, Walsh
and Zerwas result:[

τ
dL
dτ

]
pp

=
16

3

(αem

π

)2

log3

(√
s

mH

)
(11)
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Nuclear Distributions Comparison
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LHC Predictions: PbPb
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LHC Predictions: PbPb

14 / 15

Diffractive central Higgs production in ion collisions



Introduction Gluon fusion production Photon fusion production Results Conclusions

Summary

Analysis

Dominant mechanism: depend on the mechanism and the S2

⇒ open question;

Change in nuclear c.s. due the different behavior of the nuclear
distributions: shadowing, screening, etc.

Conclusions

The proposed process can be used to observe the Higgs boson;

Test field for diffractive physics.

Forthcomings:

pA process; calculation of S2 in the nuclear case (medium effects);

Production of resonances: mesons, SUSY, etc.
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