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. It seems most probable that the supersymmetry will have
an important role in a future unified theory. A direct genera-
lization of the 'standard model is likely to be the N = | super-—
symmetry’Y . It is known as well that the masses of supefFsym-
metric partners of the ordinary particles may be of anorder of
(or less than) 1 TeV.

As a reflection of the chiral structure of the standard the-
ory, definite chiral properties are characteristic of the N = |
supersymmetric Lagrangian. They lead to specific dependences
of the amplitudes for producing supersymmetric particles on
the helicities of the initial particles. Tt is clear that the-
se dependences would manifest themselves most brightly in ex-—
periments with polarized initial particles.

In recent papers’? % attention has been drawn to the impor-
tance of usirg polarized beams in the search of supersymmetric
particles. In thesc papers the cross—sections ‘and spin asymme-—
tries fcor pair productions of spin O or spin 1/2 supersymmetric
particles in e' - e~ and p-p -collisions with polarized beams
have been calculated in the framework of N = | supersymmetry.
The polarization effects in these processes have been shown to
be large.

The values of the asymmerties obtained in 724/ depend on
the masses of supersymmetric particles and on the other para-
meters of the theory. It would be interesting to find general
relations between polarization characteristics of the proces-—
ses of supersymmetric-particle production which would reflect
only the chiral properties of the Lagrangian and would not de-
pend on the parameters determined by the mechanism of super-—
symmetry breaking. To obtain such realtions for polarized e*
collisions is the aim of the present paper.

2. Let us consider the production of a pair of supersymmetric
particles with spin 0 or 1/2 in polarized e* - e collision

e++ e — 5 + g, (]>

- e

The supersyhmetrig particles S and s can either possess some
charges or be truly neutral. We suppose the incident et and e~
to be polarized. We are not interested in the spin states of
the final particles. Correspondingly, we write down the matrix
element of process (1) in the form

<fIS - DIi> = N N N, ‘l-l‘f,(mp')Mur(p)(2n)45(P’—-P). (29
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Here p,r and p’r‘ are the momenta and helicities of initial e~

and e+, Np ,Np»“..are standard normalizing factors
1 1
N - - )
p 3/2 o "
(2m) Vep,

P and P’ are total 4-momenta of the initial and final parti-
cles,M is a matrix acting on spin variables of the electron
and positron.

We shall show in Sect.3 that for N = | supersymmetry to the
lowest order of perturbation theory the matrix M satisfies the
chirality conservation relation

YSMVS = - M. (3)

In the ultrahigh energy range we are interested in we have

ysur(p) = — ru’ (p) and ysur’c-pﬁ = rﬁf’(—p’) , and from (2)
and (3) it follows
= -1 ({4)

So, if the relation (3) holds, process (!) is possible only in
the case of opposite electron and positron helicities.

Let us look now for relations between measurable quantities
following from (3)%. In the general case of polarized initial
particles the differential cross section for process (1) in the
c.m.s. has the form

g g = BOSIMo(p, )Mp(-p", £7). €5)
Here e e e
2
M~
B(s) = —Li _"l__g \A 4 -5
16ys (Rm) s
S = ~0r+p32,M§is the mass of the supersymmetric particles,

p(P,£) is the spin density matrix of the electron and the ma-
trix p(-p”, &£7) 1is connected with the positron density matrix
plp”, £7) as follows

p(=p% &7) = = CpT(p7, £1)C7L (6)

where C is the charge conjugation matrix (C T..c, Cy:f ¢l . va),

¢ and ¢ are 4—vectors of the electvon and positron polariza-

tion (£.p=0i ¢%p°=0). In the c.m.s. py, > m(m is the electron
mass) and up to terms linear in m/p, for the electron density
matrix we have

Let us note that polarization characteristics of strong in-
teraction processes in the framework of approximate Y5 —invari-
ance have been considered in ref./5/

2

p(p,¢) = -15--(1 =P oy, + iys;ﬁT)A(p). ' (7

Here A(p) = lgl,pL and P are 1ongitudina¥ and transverse pola-
rization of ;he electron in its rest frame (in an arbitrary fra-
me EL‘:Fl"%”;EWFTET)‘ For the density matrix p(~p% .£”) by using
Eqs.(6) and (7) we get

P 1 . 23, . .
p( p.§)~-~-§-(1+PL y5+1)/5yPT)/\(—-D )y (8)

where P’ and ﬁf are longitudinal and transverse polarizations
of the positron in its rest frame. :

We suppose first that the electrons and positrons are longi-
tudinally polarized. Obviously, the differential cross-section
has in this case the following general form T

43 6) =0, (0) + P al@) + P o) + P P _(0). (9)

Here ¢  is the angle between the momenta of e* and s,0,(0) is
the cross section for the process with unpolarized e* and e,
0.(0),0,(0) and o, _(#) characterize the contributions of the
incident-particle polarizations to the cross section. If the
matrix M obeys Eq.(3), the following relations take place:

o (0) = - o, (), (10)

o, _(0) =—00(9). (1)

+
Really, by using Eqgs.(3), (5), (7), (9), we havex

It is not difficult to see that relations (10) and (11)
are direct consequences of equality (4). Indeed, in the heli-
city basis the cross section for process (1) with longitudinal-
1y polarized et and e~ has the form

21 1
- r — — ’, ’
T E'r'rl 2(1+PLr)2(1+PLr).
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r,t

Therefore, if r’=—_r, then
1 2 1 2
. T g % if—rr‘ t=-0, 90 _ =- f; ? ‘ﬁ-n [T =r o
) 3
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o (6) = —i—B(s)SpMy5 A(p)MA(——p') = —};B(s)SpM A(p)'lﬁySA(;p’) ==, (),

0+’_(9) =%B(S)SpMy5A(p)ply5A(—p_') =-i-B(S)SpMA(p)K’l AGp) =-0 (0.

To obtain from Eqs.(10) and (11) relations between measurable
quantities, let us define the asymmetries

%G.p. O) = og. o @)

0;P P
A_(9) = [ L L l. (12)
PL OO;PL ) + 00;_PL(0)
IR0
A (9) = 2 1. (13)
+ P’ UPﬁ:O ) + q—Pi:O(e)

From Eq.(10) it follows that the asymmetries A_ and A, are con-
nected by the relation

A_(0) = - A, (6). (14)

The quantity o,._(0) can be determined in experiments with
both electron and positron beams polarized. As a consequence
of Eq.(11) we have

AL ©) =~1, (15)

where the asymmetry A,_ is defined as follows

. OP . P ) - U,_P ’.p (9) —0p ‘P (0) + o.p P (0)
A0 = 1 = L(e) - L(0) - ) - L( )] - (18
P’ P T 7. + o e, + 052, + ., 0
L PP ~P/iP | P/~P O—PL.—PL

So, if the matrix M satisfies the helicity couservation re-—
lation (3) the asymmetry A_(¢) in process (1) with polarized
e~ and unpolarized e’ is equal in magnitude and opposite in
sign to the asymmetry A,(f) in the same process with polarized
et and unpolarized e ; the asymmetry A, __(¢) in process (n
when both e™ and e are polarized is equal to -I.

It is easy also to obtain relations between integral asym-—
metries following from the helicity conservation. From Egs.
(10) and (11) we find

af'B = - U+F'B , 0+F_:B = - US'B , (173
where -~
n/2 m =00
a-tF =21 [ o, (0)sinfdo; UP = 2m f at(O)SiHOdG. (18)
&, h - 7/ 2
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(the angle §, is determined by the experimental set up). From
Eqs.(17) the following relations between asymmetries can be
easily obtained

F.B ,
A F,B

Y S (19)
.. F.,B F,B .

where the quantities A: and A} " are defined analogously as

(12), (13) and (16). Finally, .by integrating Eqs.(10) and (11)

over the total solid angle we find for the integral asymmetries

Al==- A, A, _=1, (20)

We shall now consider process\CIQ in the general case of.
arbitrarily polarized electrons and “ppsitrons. If the matrix M
satisfies the helicity conservation reélatipn .(3), .it,is not
hard to see that in the cross section all terms linear in trans-—
verse polarization vanish. In fact,, by using Eq.(3) we have

SpMy, Y A@)MA(-D") = SDMA®D)y, AP = 0. (21a)
Similarly, we have
SEMy, YA®)My, AG-p”) = SpMy, A(@)My, yA(-p) = 0. (21b)

It is easy to convince oneself that the helicity conserva-
tion does not impose any restrictions on the terms bilinear in
electron and positron transverse polarizations. Egqs.(21) mean
that

g3, =0 4 =0 (22)
PT'O 0:Pq 0

Tpsp =Ope. o 0 O3, o =0 . ’ (23)
LSS P ST PriP " T0iPy A

Thus, if matrix M conserves helicity, the cross section for
process (1) with one of the initial beams transversely polari-
zed and the other unpolarized is equal to the cross section
for the process with unpolarized et and e~ If one of the beams
is 1ongitudinally polarized, the cross section for process (1)
is the same in both the cases of the’'second beam being either
transversely polarized or unpolarized.

In conclusion, we make the following remark. As is evident
from Eq.(23), the asymmetries in the case, when one of the
beams is longitudinally polarized and the other is transversely
polarized, are identical with the corresponding asymmetries
defined by Eqs.(12) and (13). Therefore, relation (14) remains
valid in this case too.

3. We shall now demonstrate that for N = 1 supersymmetry the
matrix M determined by (2) satisfies to the lowest order of
perturbation theory the helicity conservation relation (3).

Let us first consider the production of a pair of scalar lep—

tons pt -~ or vt-7— .

.

5
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8+ - - , ...-(?§f . ;~)
U S SRR L PR AN (25)

Only diagrams with y and Z exchange in the s—channel shown
in Fig.l contribute to the amplitude of these processes

e* . Fig. 1. Diagrams of
LR the process et + 7

=Py rt UL

- The couplings of photon
Xﬁz T— and Z boson to the pair
LR et - e are given by
the standard theory and
are of a vector and an
axial vector type. So,
the matrix M for processes (24) and (25) anticommutes with ya*
Next, we consider the processes

ot w e o St Lz (26)

=

+ ~ ey + SR
+ - -+ ~
e + e — eR+ eR. (27)

In addition to the diagrams of Fig.l, diagrams with exchange
of Majorana supersymmetric fermions y; in the t-—channel (see
Fig.2) ,contribute to the amplitude of these processes
+
‘ R
' Fig. 2. Diagrams of the process
et + em 8 +eI‘(eR+eR)w1th ex~
change of Majorana fermions x; in
the t—channel.

Obviously,this also refers to the production of squark-an-
tisquark pair in eé* - e~ collisjons.Note that here and further
on the diagrams with Higgs—boson exchange are not taken intg.
account.Their contrlbutlons to the matrlx element of the pro-
cesses are small compared to the contribution of diagrams ,Fig. |

6

——c S we e, e =

Relevant terms in the interaction Lagranglan have the general
form

L .. e o 4
e - ? CiXkReLel + ?(ﬁ yuleRe; + h.o. (28)
where C? and C:iare constants determined by the supersymmetry
breaking mechanism. It is clear from Eq.(28) that only the ope-
rators (e; e; ) and (ege ) contribute to the matrix elements of
processes (26) and (Z7), respectively¥. Therefore, the whole
matrix M which includes contributions both from diagrams of
Fig.l and Fig.2 satisfies relation (3) for processes (26) and
(27) as well.,

We proceed further with considering the production of sneu-—
trino—antisneutrino pair

B.- 48 e l:g b i—fp . (29)

If ¢ - p,r.., only the diagrams with Z-exchange in the s—chan-—
nel contribute to the amplitudes of these processes. In the

case of electron sneutrino production
+ - = -~
e + e —#1/e+r'e‘
there is an additional diagram with W exchange in the t-channel.
Since in the interaction Lagrangian of N = | supersymmetry the
field #, is coupled to the field e;, only the operator (ELe L)
contributes to the corresponding amplitude. As a result, the
helicity is again conserved by matrices M of processes (29).
Let us finally turn to the production of a pair of winos
et +reT Wty W (30)
The corresponding diagrams include y and Z exchange in the
s—channel and i’, exchange in the t-channel. Obviously, the
matrix M in this case satisfies relation (3) for the same rea-
sons as aboye. Ncte that this remains valid also for the pro-
duction of charged higgsinos (as well as in the general case
of higgsino-wino mixing).
4, Up to now we have considered the production of a pair of
supersymmetric particles with equal masses. Here we turn to
the processes of production of two different selectrons
+ - e

e’ + e - B+ B, (31)

That means, the diagrams of Fig.2 give nonvanishing contri-
butions to the amplitude of process (26) with r = - |, r'= 1,
and to the amplitude of process (27) with r = 1, r" = -1 (r and
r' are the electron and positron helicities).

7



et v+ e gy - R (32)
These reactions proceed via the t-channel exchange of neutral
gauginos x; (see Fig.2). As it is easy to see from Eq.(28),

the operators contributing to the amplitudes of processes (31)
and (32) are, respectively, (ege ) and (€ e r) - So, the mat-
rix M of process (31), ((32)) satisfies the relation.

vy My, = M, (33)

It follows from Eq.(33) that (unlike the previously considered
cases) the amplitudes of reactions (31) and (32) are nonvani-
shing if e~ and e™ have equal helicities (r = r' = -1 for pro-
cess (31) and r = r' = 1 for process (32)).

For the collision of longitudinally polarized e’ and e” the
cross—section for process (31) ((32)) has the general form,
Eq.(9). From Eq.(33) analogously to Eqs.(10) and (11) we have

0_0) = 0, (0), o4_(0) = o(0). (34)

For the asymmetries A_(9) and A ,_(f) defined by Eqs.(12), (13)
and (16) we find N

A_(0) = AL(0), A,_(8) = 1. (35)

Note that relations (22) and (23) remain valid for processes
(31) and (32) too.

5. The production of two Majorana supersymmetric fermions
+ - .
et + 6T X, + X, A : (36)

needs a separate consideration. Processes (36) occur via Z-ex-
change in the s-channel and & and € exchange in the t-chan-
nel. If there is no mixing between the fields ey, andéll, it is
easy to see with the help of Eq.(28) that the operators contri-
buting ‘to the matrix elements of these processes are (eper)
and (eReR)*. So, the matrices of processes (36) satisfy the
helicity conservation relation (3) and therefore in this case
the general-relations (10), (11), (22) and (23) hold. The

cross section for producing a pair of Majorana particles is
bound to fulfil the following additional relation 7/

g

Pi;PL @) = O-PL;"PI:(U -~ 8) . (37)

Really, by using the Fierz transformation we have
— - 1 -~ -
(%JXiR)(XkR?L) =“2?(6LYaeL)(XkRYaXiR)v
(e Xy e) = - (5 4 6. 33 )
TRXGL D XkL®R) T T 5 (CRYa R ) (X Ve X )

8
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which is based on the CPT-invariance and unitary of the S-
matrix. From Eqs.(9) and (37) we .find/7:8/

00(6) = Uo(n'— 8), (38)
o, 0) =—o_(n-0). (39)
The combination of Eqs.(39) and (11) gives

01(6)=0E("—6)" (40)

With the help of Eqs.(38) and (40) we find that the asymmetries
A__ satisfy the relation

T

A () = A_(n-209). (41)
¥ ¥

Further, by integrating Eq.(40) over 6 from 6, to 7/2 we have
F B

o, = o (42)

+ £ 0
where the quantities (7F’B are given by Eq.(18). Relation (42)

can be checked by measuring the asymmetries

F B F B
Tn 2, - ey g-. - T i
FB P’;0 P’ 0 AFB 0; P 0; Py, )
= » = .
P.’:0 o F + 4.B, 0; Py, F + B
L P’ . a . g
L0 Pri0 03P 0;Py

. . FB FB .
Obviously, the asymmetries APi;O and AD;PL can be nonvani-

shing only if the helicity conservation relation, Eq.(3);is
violated. As a consequence of Eq.(38), the asymmetry Agg cor-
responding to unpolarized et and e~ is always zero.

Let us note that the productions of Majorana particles with
equal and different masses must be considered separately. In
the case of equal final particle masses, as a consequence of
the Pauli principle we have
UPI::PL-(O) gPi;PL (r=9). (44)

From Egs.(9) and (44) we find )
0,(0) = o (x~6). . (45)

By combining Eqs.(39) and (45) we obtain relation (10). Thus,
for identical final Majorana particles, the relation (10) al-
ways holds. In this case it is possible to test the helicity
conservation by checking relations (15) or (22) and (23).

6. So far we have been neglecting the mixing of slepton

fieldsEL and ER. In all standard supersymmetric models the an-

1/9/

m
gle @ of mixing of EL and ?R is smal (tg20 ~ 1%g<<1,where

mp is the lepton mass and m is a characteristic scalar lepton
mass).
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obvious that Eq.(3) and all the relations between observable . School on Neutron Physics. Dubna, 1982 12.00
4 !
quantities following from Eq.(3) remain valid in this case. :
If the mixing of 8 and 8g takes place, the fields ey, and , D11-83-511 Proceedings of the Conference on Systems and
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Applications in Theodretical Physics. Dubna,1982. 9.50
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eg ‘couple to the same massive selectron field in the N = ] il
supersymmetry Lagrangian. This leads to the violation of rela- lg o ‘ o,
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Let us note in conclusion that the questions of detecting ]
the supersymmetric particles have not been discussed here. ‘
!
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Pair production of various supersymmetric particles in e* -~ e coli:-
sions with pofarized heams is considered in the framework of N = | super-

symmetry. General relations between the polarization characteristics are
obtained which reflect the chiral properties of the interaction Lajrangian
and don't depend on the parameters determined by the supersymmctry breaking.
it is shown,in particular, that for a wide class of processes the spin asym-
merty arising in any process with longitudinally polarized e* and unpolari-
zed e is equal in magnitude and opposite in sigr to the asymmetry arising
in the same process with polarized ¢  and unpolarized e*.
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