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A simulation of diffractive and non diffractive heavy quark photoproduction at the
Tevatron energies is described, The diffractive process is simulated using the photon-
-gluon fusion model, while for the non diffractive production the photon hadronic behay
iour in the QCD framework is applied,

1, - INTRODUCTION

Heavy quark photoproduction is one of the most exciting topics of the future ex-
periments at the Tevatron energies,

A Colorado-Fermilab-Frascati-Illinois-Milano- Northwestern-Notre Dame colla
boration (E6 87)‘(1) is setting up an experimental apparatus, mainly composed of a for-
ward spectrometer and a microstrip vertex detector, searching for heavy quark states,

The general layout of this apparatus is shown in Fig, 1. Photoproduction of beauty and
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charm particles was roughly simulated in a previous note by a Montecarlo program(2)
in order to design the vertex detector of this experiment and to maximize its sensiti-
vity for beauty decay events.

In this note the previous generation is replaced with the proper mechanism, i. e,
the photon-gluon fusion model for the diffractive production (Section 2) and a model
which takes into account, in the frame of QCD, the hadronic behaviour of the photon
for the non diffractive production (Section 3).

Comparison of these two mechanisms and of beauty vs. charm production are ex
plicitly treated in Section 4, Moreover, in Section 5, the predictions are applied to de
sign the electromagnetic outer calorimeter of the E687 experiment (Fig, 1).

In the Appendix some details are given for the use of the simulation program,

which is now running on the Frascati VAX 11/780 computer.

2, - THE DIFFRACTIVE CHARM/BEAUTY STATES SIMULATION

In the frame of the photon-gluon fusion model the production of heavy quarks is

given by the leading diagrams of Fig, 2

“
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FIG., 2 - Photon-gluon fusion model for
heavy quark production,

According to several authors(3), the cross section can be expressed in the follow

ing way:

do(yg »QQ) = A Oem (7?7 > QQ) G(x) dx , (1)

where x =M2/s is the nucleon momentum fraction carried by the gluon, M is the inva
riant mass of the QQ system and A = as/Za.
The QCD coupling constant ag = aS(Q2) is calculated at the scale given by the

mass M(4) produced in the interaction:

2 47
) 2
(11 - gf)lg(

M2

Zz“)

where f=4 for charm states and f=5 for beauty states, while 4, the scale of QCD,

is about 0.5 GeV,
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For G(x), the gluon distribution function, we assume:

G(x) = B+1) (1~ x)B

where B is 4,5 for charm and 5,5 for beauty(5). In this way we take into account the
dependence from M of the distribution function,

We have simulated the pro-
cess of Fig, 2 according to three
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tion is requested, the cross sec-

tion is folded with the nucleus form factor,

iii) Dressing of the bb (cc) quarks using the Lund group algorithms(s)

and the fragmen
tation functionsg of heavy quarks given in ref. (7).

In particular, for J /vy photoproduction, we note that cross section theoretical
predictions suggest to integrate the differential cross section (Eq, (1)) in the range
2M, <M <2Mp and to multiply by the relative branching ratio value.

According to the experimental data such value is near to f= 1/6(8). On the other

hand, in the Y case, lacking experimental data, we assume that a similar factor mulfi

plies the bb cross section in the range 2Mp <M < 2Mp. Some authors have suggested



that the factor f for Y hadroproduction and photoproduction is lower than the corri-
spondent one for J/¥ : hadroproduction data seem to confirm this trend(8). Therefore,
we have varied the factor f in the range 1/6>f>1/12, finding little changes in our re
sults, because the contribution of Y production to the total cross section is negligible,
For b mean life, only two indirect measurements are available(g) and their mean va-
lue has been used in the simulation (1.3x 10~12), Finally, we point out that recent cal
(::ulations(lo) of the large distance contribution for beauty photoproduction in the regime
200-500 GeV give values that are within the errors of the photon-gluon fusion results,

This means that the short distance contribution takes into account the total diffractive

photoproduction of beauty.

3, - THE NON DIFFRACTIVE CHARM/BEAUTY STATES SIMULATION

Non diffractive mechanisms for the production of heavy quarks are originated by
the photon structure function, This function contains two terms: a "point-like", that
can be calculated exactly in QCD and a "hadron-like", that can be extimated with VDM
models, At high mass scales, the "point-like" part dominates and can be expressed

by means of the parton distribution functions in the photon:

G?(X,MZ) = %%:lg(%;)] fi(X)
i
i=g 0.11(1‘~x)1'4/:x1'6
fj'(x) = |ei’ = % (O‘.O24/x1'2) + 0.2(1-x)0'12
le,] =5 (6x1073/x"%) 4 0.04(1-%""

i=g,u d, s, ¢, b.

The values for Ai are discussed elsewherell 1). The hadronization of the photon, de-
scribed by the Gi, can be followed by two subprocesses with heavy quark production:
gluon-gluon fusion and light quark fusion (Drell-Yan mechanism) (Fig, 4). The related
cross sections are a folding of the parton distribution functions in the photon and nuc-
leon with the elementary cross sections., Their magnitudes have been calculated and
as result the gluon-gluon fusion contribution can be considered negligible at our ener
gies with respect to light quark fusion(12),

The differential cross section of this latter process is:



o

a) light quark fusion; b) gluon-gluon fusion.
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with &= (1- -—-——5) " the threshold factor and 7= M"/s, while x and x' are the longi-

tudinal momentum fractions of the two partons which originate the system (xC = x-x'"),
The simulation is characterized by two principal differences with respect to the diffrac
tive one:
i) Extraction, by Eq. (2), of invariant mass M and Xo: subsequently the angular distri
bution, in the Q_(ii center of mass, is generated. For the parton distribution functions
in the nucleon we use the parametrization of Buras and Gaemers(lg).
ii) Generation of the jet of the quark, originated from photon dissociation, which doesn't
interact in the hard subprocess (Fig. 5).

We note that a third type of subprocess, that we have not considered, is possible

for heavy quark production, the heavy quark elastic scattering (Fig. 6).

FIG, 6 - Heavy quark elastic

simulation for the light quark fusion. scattering,
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The importance of this mechanism is very uncertain at the present time because it de

pends on the assumptions for the heavy quark distribution in the nucleon and because

it cannot be calculated by perturbative QCD (it is characterized by an effective coupl

ing constant g, which has to be experimentally extimated). Moreover, there is no ex

perimental evidence for this process, which should be characterized by two Q.Q pairs

(Fig. 6 ).

4. - COMPARISON BETWEEN DIFFRACTIVE AND NON DIFFRACTIVE PHOTOPRO-

DUCTION SIMULATIONS

In Table I we report some results on diffractive and non diffractive generation of

beauty and charm states, The listed fluxes are referred to one event of the production

type given in the respective column, In evaluating these data one has to take into acco-

unt that the various processes have very different cross sections.

TABLE I - Event main characteristics,

bb

cc
Incoherent | Coherent Non Coherent Non
diffractive | diffractive | diffractive | diffractive |diffractive

Charged

multiplicity/event 12,8 11,4 19.5 6.3 14, 2

Charged

rnean energy 13. 8 21.6 9.0 25,9 10, 8

¥/ event 13,17 12,1 20, 6 6.0 14,3

Y mean energy 5.4 8.5 3.1 10.7 4.7

¥ /event 0. 55 0. 52 0. 63 0. 24 0.33

Mean invariantmass 13. 4 11. 0 12.3 5. 4 5.1

Therefore, it is convenient to give the cross section values, averaged on the Te-

vatron photon beam energy spectrum, in the range 200<E, <500 GeV (Fig. 3).

For beauty production, mainly due to the incoherent case, the photon-gluon fusion

model predicts 1-10 nanobarn, whil2 the non diffractive cross section is around 0.1-0.5

nanobarn, For charm production, the diffractive mechanism gives a nucleon cross sec-

tion of about 0,5-1 microbarn, mainly due to the coherent(*) case, and the non diffractive

production reaches about 1-10 nanobarn per nucleon. The non diffractive process is cha

racterized by a higher multiplicity (charged or neutral), a lower energy and a larger an-

gular spread (see Fig. 7). In Figs. 8-9 we give the energy spectra for charged and gamma

particles, Finally in Figs. 10-11 we show the transverse momentum distribution for muons.

(#) - This is valid for light targets (Be, Si, ecc.) as planned for E687 experiment,
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- Muorn transverse momentum distribution (in GeV/c) (15000 events generated
for each type of generation), a) Non diffractive beauty generation. b) Non diffractive
charm generation,



The muon trigger for beauty events, asking at least a muon with transverse mom entum
larger than 1 GeV/c, gives in the diffractive case an efficience & = 12% for beauty e-

vents and & =1% for charm which implies a rejection power (ratio between the two ef-
ficiences}) R =12 and in the non diffractive case e(beauty) = 10%, e(charm) = 1.1% and

H=9,

5.~ BEVENT CHARACTERISTICS ON THE OUTER CALORIMETER

In the experimental apparatus two photon-electron detectors are present (S1 and
S2 in Fig. 1), The outer calorimeter covers the angular region 36-125 mrad (non
bending plane) and 52-175 mrad (bending plane), The inner calorimeter mainly col-
lects events diffractively produced and the ratio between the mean percent\ages of de-
tected photons in bb and ¢T events is:

50%

R = 83%

~ 0.6,

The outer calorimeter, which is positioned downstream of the P2 chambers and up-
stream of the M2 magnet (Fig, 1), is characterized by events with a larger R ratio:

37% ~ 9

R = 17%

.2,

This is because of the larger angular spread of bb events caused by the high mass M,
mainly incoherently produced, while the cc events are characterized by little masses
M, coherently produced.

In Table II we give the rates and the mean energies for various types of parti-
cleg, In Fig, 12 we show the energy spectra for gammas coming from Bx, DX/FX and
7°.

Finally, in Table III we give the acceptances of the outer calorimeter for diffe-

rent kinds of particles,
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bb cc
Incoherent | Coherent Non Coherent Non
diffractive | diffractive |diffractive | diffractive |diffractive
7/ event 5.0 2.8 7.3 1.1 3.4
y/event (from B¥) 0. 4 0.1 0.4 - -
Mean y energy
(from BX) 0, 54 0. 57 0. 56 - -
v/event (from s °) 4,2 2.4 6.3 1.0 3.1
Mean y energy
(from w9) 2.9 2.8 3.0 2.3 2.5
y/event (from D¥/FX) 0.2 0.1 0.2 0. 05 0.1
Mean y energy
(from DX/F¥) 1.9 1.7 2.0 1.6 1.8
¥/ event 0.15 0.10 0.19 3.8x1072 | 7.0x1072
eX/event (from B) | 5,3x10°2 | 3.1x10°2 |7.3x1072 -
Mean ei' energy
{from B) 18.9 17. 0 18. 6 -
et/event (from m°) |2.6x10°2 | 3.4x107% [3.4x10°2 | 1.4x10°2 | 1.0x10"2
Mean e¥ energy
(from O0) 5.1 5.4 5,2 5.0 5,4
ei/even’c (from Y) 6x10"% 5x10"% 6.7x10"% -
Mean e? energy 130 120 57 -
(from Y)
e%/event (from D/F)|6.6x10"2 | 3.3x10°2 |7.0x10°2 | 2.4x10"2 | 6.0x1072
+
Mean e~ energy
(from D/F) 7.6 8.3 7.6 6. 3 5.9
e+ /event (from J/y) | 2x1073 5x107% 2.1x107° 10-4 1073
Mean ei energy
(from J/y) 14. 0 14. 0 14, 0 15, 0 15.1
TABLE III - Outer calorimeter acceptances,
bb cc
p Incoherent | Coherent Non Coherent Non
rocess diffractive | diffractive| diffractive | diffractive | diffractive
y from BX 37% 17% 44% - -
e? from Y 1% 1% 1.5% - -
et trom J/v 45% 40% 60% 1%s 5%
e* from B 27% 17% 45% - -
e* from D/F 34% 19% 38% 11% 36%
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The simulation program, resident on a Frascati VAX 11/780 disk (specifically
disk DRAI1, directory FLATEV, file MGG.FOR), is handable by modification of its
block data, The user can have access only to the main program, not to modify, to the
block data and to a routine for statistical analysis, The language is Fortran 77 and
the main input and output quantities are all in COMMONs. The most important aim of
this Montecarlo is to produce event tapes that the user can analyze with the statistic
al routine, In the program itself are contained many explanations and for this reason
we summarize here only the main rules which the user has to follow to obtain a cor-
rect run. In the block data there are several logical keys and, setting their values,
one can adjust: generation type, photon beam energy spectrum and produced flavour
type, as it is shown in Table IV, The b mean life can be changed modifing the BLIFE

variable (actually itis 1,3x10" 12 sec),

_TABLE 1V
Liogical variable Program characteristic
1ILOG (1) bb production
ILOG (2) cC production
ILOG (3) Hadronic light particle production
1IL,OG (4) Diffractive coherent generation
ILOG (5) Diffractive incoherent generation
ILOG (6) Non diffractive generation
ILOG (7) Tevatron photon beam energy spectrum
with top energy = 500 GeV
1L.OG (8) . Tevatron photon beam energy spectrum
with top energy = 600 GeV
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