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Probing the SUSY breaking scale at ane2e2 collider

Uma Mahanta
Mehta Research Institute, Chhatnag Road, Jhusi, Allahabad-211019, India

~Received 31 July 1998; published 11 January 1999!

If supersymmetry is spontaneously broken at a low-energy scale, then the resulting gravitino will be very
light. The interaction strength of the longitudinal components of such a light gravitino to thee-ẽ pair then
becomes comparable to that of electroweak interactions. If such a light gravitino is present, it would signifi-
cantly modify the cross section foreL

2eR
2→ẽLẽR from its minimal supersymmetric standard model value. A

precision measurement of this cross section could therefore be used to probe the low-energy supersymmetry
breaking scaleLs . @S0556-2821~99!05101-2#

PACS number~s!: 14.80.Ly, 12.60.Jv, 13.40.Hq
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If supersymmetry ~SUSY! is spontaneously broke
at a low-energy scale (Ls'1 – 10 TeV) then the resulting
gravitino is expected to be very light (m3/2'F/M p

'1024– 1022 eV). The interaction strength of the longitu
dinal components of such a light gravitino, i.e., the Goldst
with fermion-sfermion pair, is expected to be of the order
electroweak couplings@1#. Such a light gravitino could lead
to new and interesting signatures at forthcoming high-ene
colliders. It could also significantly modify the collider ex
pectations for many processes from their correspond
minimal supersymmetric standard model~MSSM! value@2#.
Precision measurement of the cross section for such
cesses can therefore be used to set stringent bounds o
SUSY breaking scale (Ls).

A high-energye2e2 collider with the provision for po-
larizing both the incoming electron beams to a high deg
provides an ideal environment for such studies. Consider
example, the selectron pair production at ane2e2 collider.
Depending on the polarizations of the incoming electr
beams, there are three distinct processes that can be st
namelyeLeR→ẽLẽR , eReR→ẽRẽR , andeLeL→ẽLẽL . In the
context of MSSM, the lowest order contribution to the fir
and second processes arise from thet channel exchange of
B̃ @3#, whereas the last process receives nonvanishing co
butions both fromB̃ and W̃3 exchanges. In this work, we
shall assume for simplicity that the lightest neutralino
gaugino like and more precisely aB-ino. The Majorana na-
ture of B̃ and W̃3 gives rise to fermion number violatin
propagators which is crucial for all the three processes
take place. A close examination of the transition amplitud
for eLeL→ẽLẽL andeReR→ẽRẽR shows that they arise from
the chirality flipping part of the gaugino propagator. Th
therefore vanish as the relevant gaugino mass approa
zero. However the amplitude foreLeR→ẽLẽR arises from the
chirality conserving part of the gaugino propagator a
therefore it remains finite in the same limit. The longitudin
components of the gravitino behaves as a Majorana ferm
and it also interacts withe-ẽ pair through Yukawa interac
tions just like the electroweak gauginos. The only differen
is that the gauge couplings are replaced by the soft gravi
coupling eg'm̃e

2/F @4#. Here AF'Ls is the scale for dy-
namical supersymmetry breaking. Hence, it follows from
above discussion that the existence of a sufficiently li
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gravitino would modify the cross section foreLeR→ẽLẽR ,
but keep the cross sections for the processeseLeL→ẽLẽL and
eReR→ẽRẽR almost unaffected. Precision measurement
the cross section foreLeR→ẽLẽR could therefore be used t
set a lower bound on the SUSY breaking scaleLs . This
however requires that the selectron massm̃e and theB-ino
mass (M̃ ) be known with sufficiently good accuracy from
other studies. The selectron mass and theB-ino mass can be
determined from the energy distribution of the electron a
ing from selectron decay.

The Yukawa interactions ofB-ino (B̃) and gravitino (G̃)
with e-ẽ pair are given by@4#

L15S g8

&
B̄̃PLeẽL* 2&g8B̄̃PReẽR* D 1H.c., ~1!

L25eg&@ G̃̄PReẽR* 1 G̃̄PLeẽL* #1H.c. ~2!

In the context of MSSM (eg'0), the transition amplitude
for eLeR→ẽLẽR arises from thet channel exchange of a
Bino and is given byM5Ma1Mb , where

Ma52g82v̄~p2 ,s2!PR

p1 .g2k1 .g

t2M̃2
PLu~p1 ,s1!, ~3!

Mb52g82v̄~p2 ,s2!PL

p1 .g2k2 .g

u2M̃2
PRu~p1 ,s1!.

~4!

Clearly Ma and Mb are the transition amplitudes assoc
ated with the direct and crossed diagrams. Here (p1 ,p2) are
the momenta of the incoming electrons and (k1 ,k2) are the
momenta of the outgoing selectrons.M̃ is the mass of the
bino. Squaring the transition amplitude and summing o
the incoming electron spins, we get
©1999 The American Physical Society06-1



ca

s

r

n

fo

old,
e.

sta-
out
mi-

lue
ate
tion

to

-

oss

tis-
rtner

r
e
bu-

eV.
by

r
f

s
-
one.
tino
n,

n
ing
the
ing
y
Y

UMA MAHANTA PHYSICAL REVIEW D 59 035006
(
s1 ,s2

uM u25
2g84

~ t2M̃2!2
@2p1~p12k1!p2 .~p12k1!

2p1 .p2~p12k1!2#

1
2g84

~u2M̃2!2
@2p1 .~p12k2!p2 .~p12k2!

2p1 .p2~p12k2!2#. ~5!

Note that at very high energy where the electron mass
be neglected, there is no interference betweenMa and Mb ,
i.e., the t and u channel amplitudes. For simplicity in thi
work, we shall ignore any mixing betweenẽL and ẽR and
assume thatm̃eL

5m̃eR
5m̃e . The above expression fo

(s1 ,s2
uM u2 then becomes after some algebra

(
s1 ,s2

uM u252g84~ut2m̃e
4!S 1

~u2M̃2!2
1

1

~ t2M̃2!2D .

~6!

The contribution of a light gravitino exchange to the tra
sition amplitude foreLeR→ẽLẽR is given by

dM52eg
2S 1

t
v̄~p2 ,s2!~p12k1!.gPLu~p1 ,s1!

1
1

u
v̄~p2 ,s2!~p12k2!.gPRu~p1 ,s1! D .

~7!

Assuming thatdM is small compared toM, we can ne-
glect udM u2 compared touM u2. We then obtain

(
s1 ,s2

uM1dM u2'2g84~ut2m̃e
4!S 1

~ t2M̃2!2
1

1

~u2M2!2D
28g82eg

2~ut2m̃e
4!S 1

t~ t2M̃2!

1
1

u~u2M̃2!2D . ~8!

Integrating over all directions, the total cross section
eLeR→ẽLẽR to lowest order in eg

2 becomes sLR

5(sLR)MSSM1dsLR where

~sLR!MSSM5
1

2ps

As24m̃e
2

As

g84

4 S a

b
ln

a1b

a2b
22D , ~9!

and
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1

2ps

As24m̃e
2

As

g82eg
2

2 S b22a2

b~c2a!
ln

a1b

a2b

2
b22c2

b~c2a!
ln

c1b

c2b
22D . ~10!

In the above,a5m̃e
22M̃22s/2, b5(As/2)As24m̃e

2, and
c5m̃e

22s/2. A sufficiently light gravitino would therefore
lower the cross sectionsLR from its MSSM value. We find
that unless the selectron mass is too close to the thresh
the MSSM contribution to the cross section is quite larg
For example,m̃e5150 GeV andM̃5100 GeV yields a cross
section of 960 fb. With an integrated luminosity of 50 fb21

per year, we therefore expect around 48000 events. The
tistical error in the cross section would therefore be ab
0.4% which can be further reduced by increasing the lu
nosity or the running time. The gravitino contribution tosLR
is bounded by the difference between the experimental va
and the MSSM contribution. We therefore need to estim
the theoretical systematic error in the MSSM cross sec
arising from the uncertainties inM̃ andm̃e . The values ofM̃
andm̃e are constrained by the electron energy distribution
lie in a narrow elliptical region with positive correlation@5#.
The MSSM cross section decreases with increasingM̃ or
m̃e . The contours of constantsLR are therefore perpendicu
lar to the uncertainty ellipse. If we assume thatM andm̃e are
both known with an accuracy of 1%, then by using Eq.~9!, it
can be shown that the systematic error in the MSSM cr
section is about 1.5% for the central valuesM̃5100 GeV
andm̃e5150 GeV. Both the systematic error and the sta
tical error however decreases with decreasing superpa
mass. The conditionudsLRu/(sLR)MSSM<0.01 could there-
fore be used to derive an approximate lower bound onAF

providedm̃e and M̃ are around 100 GeV. We find that fo
M̃5100 GeV andm̃e5150 GeV, the SUSY breaking scal
must be greater than 1.4 TeV, so that the gravitino contri
tion is below the precision limit for measuringsLR . The
bound corresponds to a center-of-mass energy of 500 G
A technically better estimate of the bound can be obtained
using the relationS/AS1B<2. HereB is the MSSM back-
ground andS is the gravitino contribution to the signal. Fo
m̃e5150 GeV,M̃5100 GeV and an integrated luminosity o
50 fb21, we then getAF>1.24 TeV which is close to the
bound obtained by using the relationudsu/s<0.01. The an-
gular distribution of the gravitino contribution clearly differ
from that of the MSSM contribution, since the former in
volves a massless propagator and the latter a massive
Hence, by considering an angular range where the gravi
contribution is enhanced relative to the MSSM contributio
it might be possible to push the lower bound onLs to higher
values. What are the implications of our result on know
models of low-energy dynamical supersymmetry break
~DSB!? Recently, a lot of interest has been devoted to
construction of models with gauge mediated SUSY break
~GMSB! @6# which constitutes an example of low-energ
DSB. However for the simplest models of GMSB, the SUS
6-2
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breaking scaleLs lies between 102– 105 TeV. Hence, the
process considered in this work will not be able to probe
SUSY breaking scale associated with the simplest vers
of GMSB. However there could well be other scenarios
DSB with a SUSY breaking scale close to 1 TeV and sup
partners in few hundred GeV range which could fall with
the sensitivity reach of the process considered in this wo
The supersymmetry breaking in such models has to be c
municated to the visible sector by some interactions ot
than SM gauge interactions.

It should be noted that the selectron pair production cr
section at ane1e2 collider can also be used to set bounds
AF. At an e1e2 collider depending on the polarization o
the incoming electron beam, there are two distinct cross
tions that can be measured namelysL andsR . To eliminate
the contribution of t channel W̃3 , the incoming electron
beam can be chosen to be right handed. The transition
plitude for sR receives contribution fromt channelB̃ ex-
change ands channelg andZ exchanges. The contribution o
t channelB̃ exchange has a chirality conserving and a chir
ity flipping piece. Clearly, the existence of a very light gra
itino modifies only the chirality conserving piece. Howev
there are several advantages in using thee2e2 collision
mode for probing the SUSY breaking scale instead of
d
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e1e2 mode. First, in the context of MSSM at ane2e2 col-

lider, sLR gets a contribution only from thet channel B̃
exchange. However at ane1e2 collider, sR gets a contribu-

tion from the t channelB̃ exchange as well ass channelg
and Z exchanges. The analytical expression forsR at an
e1e2 collider is therefore much more complicated than th
of sLR at ane2e2 collider. Second, the backgrounds to s
lectron pair production ate2e2 collider are very small. Most
of the major backgrounds to selectron pair product
present ine1e2 are absent ine2e2 mode. For instance, the
W pair production and chargino pair production are proh
ited by fermion number conservation. The remaini
e2nW2 background originating from the left handed incom
ing electron beam can be suppressed by imposing suit
kinematic cuts on the transverse energy of the final s
electron. These remaining backgrounds can be calcul
and subtracted from the total cross section so as to reduc
total uncertainty in the MSSM contribution. Finally at a
e2e2 collider it is possible to polarize both electron beam
whereas at ane1e2 collider only one of the incoming beam
(e2) can be polarized. This enhances the cross section a
e2e2 collider by a factor of 2 relative to that at ane1e2

collider.
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