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DESY 85-085 The search for supersymmetric particles will be one of the major tasks of future
August 1985 ISSN 0418-9833 accelerators. The production of these new particles is commonly discussed in the

supersymmetric extension of the standard model 1). For the HERA eP-mechine two
processes have been found to be reslistic candidates for discovering supersymmetric

. , . . 2 P
L . . . : direct
Selactron Production in Quasi~Elastic Electron-Proton Scattering : particles: the production of selectron and squark ¢ ;)q];)’ €+ qand
»

As to the latter case Altarelli et al. have recently pointed out that the cross

the production of a selectron and & photino at the lepton vertex e+ P EF+ X,
sections for the (deep-) inelastic version of this process are toc small to be of
interest for HERA. From the experimental point of view on the other hand, it is

the quasi-elastic process eP «» E'fP -~ e??P with the outgoing proton being very

J. Bartels and W, Hollik close to the forward direction which is of particular interest: the cutgoing proton

II, Institut fiir Theoretische Physik der Universitdt Hamburg h is lecst in the beam pipe, and if the photinc is light and stable, one only sees an
electron from the decay of the selectron, Its energy and angular distribution will
differ from the nonsupersymmetrie forward-process eP—+ eP, At the same time the
cross section for this process can be expected to be larger than for the inelastic
reaction: for small momentum transfer the pole at t = QO of the photon propagator
will become important. In this letter we study this reaction in detail and calculate
the ¢ross section. The event rate is, in fact, larger than that of the inelastic

reaction of Ref. lI; it is also larger than the estimate given in Ref. 3).

The kinematics of the reaction are shown in Fig. t. As independent wvariables we
Abstract: . choose 8 = (p+q)2, t = {q-q')%, t' = {p~p')2, ¥V = p{g-q'). In eddition to these

invariants we need one angle ¢ , which we choose to be the angle between the plane
We calculate the cross section for the production of selectrons in quasi-elastie of the vectors p, P' and the plane of the vectors p, q' in the center of mass system of

electron proton scettering st HERA energies. In the region of very small momentum the selectron and the photino. The deep inelastic version of this reaction (It|» 1 Gev?

transfer the cross section turns out to be large: e.g. € = 36 pb for a selectron has been calculated and discussed in Refs. 3 and 4, and the cross sections have been

= 2y i . .
mass of 60 GeV, tminé el ¢ 1-‘cut 0 {1 Gev?), and photino mass small compared found to be somewhat too small to be of interest for HERA, We therefore only give the

to the selectron mass. Together with the clean experimentsl signature, this large formula for the quasielastic process. Since we expect the photon exchange diagram
cross section makes the reactionetPa e + Tt P one of the most promising HERA- with the pole at t = O to be the dominant one, we neglect contributions from heavy 2
processes in connection with the search for supersymmetric particles. exchange. With the standard ansatz for the coupling of the photon to the proton

A_“(‘?"L-EM(?,* ;_'%; (f{‘"?)y & (g') G:c..v Fl afy) (1)
Fi(O) = 1, u = magnetic moment of the proton,

we Tind after squaring end averaging over initial spin for the hadronic tensor:

[, 01 f1)
H,, = (£ +pF) Ho » (£} :7-‘#‘51]“,., (2)
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with

(€3]
Lo = tgw - (9'-9) lg-q),
o' = (944, g49), = (2444541, (2g49%9),

For the {gauge invariant)} leptonic tensocr we have from the two diagrams Fig., @a

and b

Lov = { (5 -omy) T[22 4y, oy, |

+2{md 4 p'k) T"[ij_ifp ?T"]}(T:Tf)

"~

b _ ) T oy A
Luw = 2p k) (prp'~k). (pep= k'), Tl (5)

Y

ab -4 (pre'-k')y

{(m;m'h'er +(ph)py - [pr')k;“] (6)

Here 8 = + 1 {~1) stands for right-handed (left-handed) polarizatien of the in-

coming electron. When contracting hadronic and leptonic tensors, terms ~ (g’ q)

1) {2}

or {q' -q) in HP‘V or Hpnv give zero contributions as a result of gauge in-
variance. The cross section then becomes:
d‘(? A 4 < i 4
Tann e Emr (M n) M w
di ' dv oy Q) 27(27) et n

where

R AR A AT AENCEE VS LT
b (8)

TERNSARETATY

The evaluation of the tensor contraction leads after some algebra to the following

result (mg = oy, unpolarized beams):
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The scalar products in GO’ G1,and G2 cah be expressed in terms of the inveriant

variables:

re —f— . {1k)

qf) - P? + 2 T

2 -
] S-Mg—lv-.i'*'m;

gk = -py+ 2

=
-
[}

g - BT (@8, w6, + 5 g, sm8, wy)

The angles are determined by

! L ]
wn 6., = Ao 2P, ¥s 0, = % (')
P 2 p, 1P’}
(15)
2p,9] -5 425+ Mp
w e, = Po o e P 9'=¢(F,§r)

L 2p,0871 b

together with

1
l‘f___z'\'uf (16)
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The formfactors F in {10) are related to the electric and magnetic form factors

1,2
GE‘ GM by
.t
- 4 -
F. S LN R Gm-Ge (1)
49X __ 4=~ X
oy Iz
We make use of the dipole formula
1 (18
Gy = (1 Gg Ge = M- 2ep)® "
0.34 Gev?

Since the picture of a coherent interaction of the photon with the nucleon makes
only sense for smell t, we restrict our numerical discussion to a maximum value of

the momentum transfer tcut’

= M"’_ (19)

with : - ot ?

tnt

4 . ¢t e t
Ay

L LT

Putting ot ( somewhat arbitrary) to 1 GeV?, the total production cross section for
(8’?) can be written as the sum of our "elastic" result [corresponding to {19)) and
the "inelastic" result from Ref, 4, Due to the repid decrease of the differential
crose section (9, 10) and the form factor with inereasing [tl the results are not

P . . _ 2 :
sensitive to the actual choice of tcut' In the following tcut = 1 GeV? is used.
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In this range of small t and in the limit

M;,' ‘<<__(€AME-+4'.M‘§.)? L M_; <<”5-2'$ (50)

the value for t . is given by
min

-2 :'
‘ému}n.. M; (.;-sl) ) .S.;Sz‘v' ’ - (e

The integrated quasi-elastic cross section then is derived from (9):

t

i,  tud 2
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Jur choice of tcut ensures that the condition {20) for the allowed range of 7§ is

fullfilled:
' - - rA
Yo =4 6eV s s-20% 52, = s-064s > MT.

Before we turn to a numerical evaluation of (22) we discuss an approximatien to

the somewhat lengthy expressions in (10} - (13),

Ir MF were zero, the functions G, end G2 in {11} and (12) would vanish for t-» O

according to

G, >t 6, (0.

“,1

Qualitatively this beccmes clear from the following argument:t = O implies
9y~ q;rd (q—q')u. Then the contraction of the hadron tensor with the full

. . T SR -
lepton tensor Luv yields zerc, since g Luv (q-q") L#V 0 because of gauge

invariance,
. 4

The differential cross section {9) therefore has = leading % behaviour inMghe mass—
less case, wherecas for a messive proton the leading term is of the order iz Hence

we expect that the dominant contribution te (9) for t -’tmin comes from this most
singular term in {10). We therefore evaluate {9) to leading order in T/ta, putting

t = 0 in the numerator. The result is then independent of ¥ ; performing the ¢ -inte-

gration cne finds for the cross section [9);:

d'e ~ 3_4_3(/'1*5_).‘”‘1;_(8—17)("“}'1‘{') (P4)
dt dt'ay b XA ST T '

This approximation should be valid in the region

t,. Ml et g = 0016009

U

1 - —
(w€+w]~;) £ 23 ¢ 2y

For further simplifications we take my < mg. Then (22) can easily be integrated.

For t = 10CeV?, 0 £ {t'] ¢ 2% - m, and 2V £ 2% we obtain for s = (300 Gev)? !

cut

6" = 0.17T pb  for my = 100 Gev
& = 36 pb for mg = 60 Gev,

A comparison with the inelastic parton model result of Ref, 4 immediately shows that
the quasi-elastic production rate widely exceeds the inelastic expectation. It is
also larger than the quasi-elastic result of Ref. 3. From what the authors of Ref. 3
say it seems to follow that they have done their calculation with MP = 0.

The evaluaticn of {22} in the general case has been performed numerically. All terms
of order M;/s have been neglected. The results for the integrated cross section are
displayed in Fig. 3 for various selectron and photinc masses at a fixed s = 105 GeV?,
and in Fig. 4 as a functicn of s. Agein & comparison with Ref, 4 shows that the ob-

v

tained cross sections are much larger than in the inelastic case,



If we assume that 0.1 pb is a realistic lower limit for detecting reactions experi-

AL

mentally the & could be as heavy as 110 GeV for a very light ; . For a more detailed

discussion the decay of the & into e and f has to be taken intc account. The e spec-

trum has to be compared with non supersymmetric standard processes leading to similar

experimental signatures, We feel, however, that our results make the search for

supersymmetric particles at HERA a very promising project.
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Fipure Captions:

Fig. 1: Kinematic variables for the process eP-a ggP.

Fig, 2: Diagrams contributing to eP —-aé‘fP in the one photon

exchange approximation.

Fig. 3: Integrated cross sections for various & and f masses. 8 = 105 GeVe,

Cross sections below the horizontal line are too small for being

of practical interest at HERA,

Fig. b: Integrated cross section for eP-» ng as function of s, m
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