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Abstract. The process γγ → �+�− is highly suppressed when the total angular mo-
mentum of the two colliding photons is zero so that it cannot be used for luminosity
determination. This configuration, however is needed for Higgs production at a photon
collider. It will be shown that the process γγ → �+�−γ can be used in this case to
measure the luminosity of a collider with a precision that is good enough not to limit
the error on the partial decay width Γ (H → γγ).

PACS: not given

1 Introduction

Linear lepton colliders will provide the possibility to investigate photon collisions
at energies and luminosities close to those in e+e− collisions [1]. If a light Higgs
exists one of the main tasks of a photon collider will be the measurement of the
partial width Γ (H → γγ) [2]. Not to be limited by the error from the luminosity
determination the luminosity of the collider at the energy of the Higgs mass
has to be known with a precision of around 1%. To produce scalar Higgses the
total angular momentum of the two photons has to be J = 0. In this case the
cross section γγ → �+�− is suppressed by a factor m2

�/s and thus not usable for
luminosity determination. The radiative process γγ → �+�−γ is suppressed by
an additional factor α, however due to the additional final state photon the spin
suppression does no longer apply. It is therefore worth examining if the radiative
process can be used for luminosity determination.

For this reason we consider the exclusive reaction γγ → �+�−γ as a possible
candidate for a calibration channel at a photon collider.

The two helicity configurations of the γγ-system lead to different spectra of
the final state particles. We have analysed the behaviour of the γγ → �+�−γ re-
action for the various helicities of the beam as a function of different observables.
Since the photon beams in the collider are only partially polarised the ratio of
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the cross sections of γγ → �+�−γ scattering for J = to J = 2-beams should
be high for the luminosity measurement. The main emphasis of this analysis is
put on

√
s = 120 GeV, which is about the mass, where a light Higgs boson is

expected.

2 Cross sections of γγ → �+�−γ

We consider the process

γ(p1, λ1) + γ(p2, λ2) → f(p1
′, e1

′) + f̄(p2
′, e2

′) + γ(p3, λ3), (1)

where λi and ei
′ are photon and fermion helicities.

The centre of mass energy squared is denoted by s = (p1 + p2)
2 = 2 p1 ·p2 ,

and the final-state photon energy by ω = p3. For the differential cross-section we
introduce the normalised final-state photon energy (c.m.s. is used) x = w/

√
s.

The total helicity of the γγ system is denoted by J = |λ1 − λ2|.
We consider the cross section

σ =
∫

1
2s

|M(λ1, λ2, e1
′, e2

′, λ3)|2dΓ,

where the phase-space volume element is defined by

dΓ =
d3p′

1

(2π)3 2p′
1
0

· d3p′
2

(2π)3 2p′
2
0

· d3p3

(2π)3 2p0
3

· (2π)4δ (p1 + p2 − p′
1 − p′

2 − p3) .

The process γγ → �+�−γ is in Born approximation a pure QED reaction.
The contributing Feynman diagrams are shown in Fig. 1. Using the method of
helicity amplitudes [3], the squared matrix elements are obtained [4]:

∣∣M+−−++
∣∣2 = 4e6 p1

′·p2
′ ( p2

′·p2 )2

p1
′·p3 p2

′·p3 p1
′·p1 p2

′·p1
. (2)

All other non-vanishing amplitudes are obtained from |M+−−++| by using
C, P, Bose and crossing (between final and initial particles) symmetries:

dσ+−+−− = dσ+−−++|1↔2 , (P + Bose)

dσ+−+−+ = dσ+−−++|1′↔2′ , (C)

dσ+−−+− = dσ+−−++| 1↔2
1′↔2′

, (CP + Bose)

dσ+++−− = dσ+−−++| 3↔2
1′↔2′

, (C + crossing)

dσ++−+− = dσ+++−−|1′↔2′ , (C)

dσ−λ1,−λ2,−e1
′,−e2

′,−λ3 = dσλ1,λ2,e1
′,e2

′,λ3 . (P)

Since final-state polarisations cannot be measured we sum over all final par-
ticle helicities. The further integration is performed numerically using a Monte-
Carlo method [5].
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Fig. 1. Diagrams for the process γγ → �+�−γ, J = 0 (solid) and J = 2 (dotted)

3 Comparison of J =0 and J =2 contributions

Calculations for various experimental restrictions on the parameters of final par-
ticles have been performed. The events are not detected if energies and angles
are below the corresponding threshold values. The considered cuts on the phase-
space of final particles are denotes as follows:

• Minimum final-state photon energy: ωmin,

• Minimum fermion energy: E�,min,

• Minimum angle between any final and any initial state particle (polar angle
cut): Θmin,

• Minimum angle between any pair of final state particles: ϕmin.

In Figs. 2 and 3 the photon energy spectra for the beam polarisations J =0
and J = 2 at various cuts are presented . The differential cross section dσ/dx
for J = 2 beams decreases while the one for J = 0 beams rises with increasing
final-state photon energy.

In Fig. 4 we show the total cross section dependence on the ω-cut and the
ratio σJ=0/σJ=2.

A ratio σJ=0/σJ=2 > 0.5 can be achieved without a large loss in σJ=2.
In Fig. 5 the minimum angle between the photon and one of the two leptons,

ϕ, is shown for both beam polarisations. As already shown for the photon energy
for J = 2 one can see the typical final state radiation pattern with the colinear
and infrared divergencies while for J = 0 large angles are preferred. The total
cross sections with ϕ > ϕmin for J = 0 and J = 2 and their ratio are shown in
Fig. 6.

Figure 7 shows the two total cross sections and their ratio as a function of
Θmin. It is interesting to note that a low cut on Θ is not only needed to get a
large cross section but also enhances the J = 0 component.
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Fig. 2. Final-state photon energy spectrum for J =0 (dotted) and J =2 (solid)
at

√
s = 120 GeV (left) and

√
s = 500 GeV (right). Cuts: Θmin =7◦, ϕmin =3◦,

E�,min = 1 GeV, ωmin = 1 GeV. The J = 2 cross section has been multiplied by
0.02

0

1

2

3

4

5

6

7

8

9

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

x=ω/s1/2

dσ
/d

 x
, p

b 
(0

.2
*p

b)

0

1

2

3

4

5

6

7

0 0.1 0.2 0.3 0.4 0.5

x=ω/s1/2

dσ
/d

 x
, p

b 
(0

.2
*p

b)

Fig. 3. Final-state photon energy spectrum for J =0 (solid) and J =2) (dotted)
at

√
s = 120 GeV. Cuts: Θmin = 7◦, ϕmin = 10◦ (left) and ϕmin = 30◦ (right),

E�,min =1 GeV, ωmin =10 GeV. The J = 2 cross section has been multiplied by
0.2

The total cross section dependence on the centre of mass energy is shown in
Fig. 8. It follows very well a 1/s distribution.

All results presented in this section agree with an independent analysis using
Whizard [6]. For

√
s = 400 GeV the results agree also with a calculation using

CompHEP [7].
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Fig. 4. Cross sections for ω > ωmin for J =0 and J =2 and their ratio
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Fig. 5. dσ/dϕ at
√

s = 120 GeV for J = 0 and J = 2 and various cuts: Θmin =
7◦, ϕmin = 3◦, E�,min = 1 GeV, ωmin = 1 GeV (solid line); Θmin = 7◦, ϕmin =
10◦, E�,min = 1 GeV, ωmin = 10 GeV (dashed line); Θmin = 7◦, ϕmin = 30◦,
E�,min = 5 GeV, ωmin = 20 GeV (dotted line)

4 Luminosity measurement

The final cuts have been chosen to be

Θmin = 7◦,
ωmin = 20 GeV,

E�,min = 5 GeV,

ϕmin = 30◦.

These cuts simultaneously enhance the J = 0 cross section compared to the
J = 2 one and ensure that the events can be identified cleanly with the detector.
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Fig. 6. Cross sections for ϕ > ϕmin for J =0 and J =2 and their ratio
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Fig. 7. Cross sections for Θ > Θmin for J =0 and J =2 and their ratio

With these cuts the final cross sections are

σ(J = 0) = 0.82 pb
σ(J = 2) = 1.89 pb

For the standard beam and laser parameters the fraction of the J = 0
polarisation in the total luminosity is of the order 95%, so that the selected
γγ → �+�−γ sample has a purity of around 90%. The J = 2 background can
be measured accurately with γγ → �+�− events. For an electron beam energy
of Ee = 100 GeV the TESLA design luminosity for the high energy part of the
beam is L(

√
s′ > 0.8

√
s′
max) = 4.8 · 1033cm−2s−1 and for a window of ±2 GeV

around a Higgs mass of 120 GeV it is L(mH ± 2 GeV) = 7 · 1032cm−2s−1 [2, 8].
In a two year run (2 · 107s) using muons only this leads to a statistical precision
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Fig. 8. The dependence of the total cross section on
√

s. The cuts are: Θmin = 7◦,
ϕmin = 3◦, E�,min = 1 GeV, ωmin = 1 GeV · (

√
s/120 GeV) (upper line) and

ωmin = 5 GeV · (
√

s/120 GeV) (lower line).

on the luminosity measurement of

∆L
L

(√
s′ > 0.8

√
s′
max

)
= 0.4%

∆L
L (mH ± 2 GeV) = 1.0%.

Adding electrons these precisions improve by a factor 1/
√

2.
The size of the mass window around mH that can be used for luminosity

determination depends on the confidence one has in the luminosity spectrum
once the data are available. Studies with Circe2 [9] and Cain [8] indicate that
the differential luminosity in a 2 GeV window around the maximum changes by
less than 1% so that this window is certainly safe. Studies with the fast simulation
program Simdet [10] show that the invariant mass resolution of the detector for
the accepted events is around 1 GeV, consistent with a 2 GeV mass window.

5 Conclusions

The differential luminosity of a photon collider running with J = 0 at a γγ-
centre of mass energy around 120 GeV to produce light Higgses can be measured
with an accuracy around 0.7% in a two years run. The uncertainty of the event
rate γγ → H → bb̄ in the same running time will be around 1.5% [11, 12] and
the one of the branching ratio BR(H → bb̄) from e+e− running will be around
2.5% [13], so that the uncertainty on the partial width Γ (H → γγ) will not be
limited by the error on the luminosity.
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