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Radiative corrections to chargino production in electron-positron collisions with polarized beams
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We study radiative corrections to chargino production at linear colliders with polarized electron beams. We
calculate the one-loop corrected cross sections for polarized electon beams due to three families of quarks and
squarks, working in th&1S scheme, extending our previous calculation of the unpolarized cross section with
one-loop corrections due to the third family of quarks and squarks. In some cases we find rather large
corrections to the tree-level cross sections. For example, for the case of right-handed polarized electrons and
large tanB the corrections can be of order 30%, allowing sensitivity to the squark mass parameters.
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Charginos are important in supersymmet8USY) for  section for right-handed electrons we observe strong cancel-
several reasons. To begin with they will possibly be the nextiations in the tree-level result due to interference terms with
to-lightest SUSY particlegafter the lightest neutralincand  negative signs, and in this case the radiative corrections may
so be amongst the first supersymmetric particles to be digee of order 30% for large tg8.
covered. Secondly, being color singlets, they provide a clean We consider pair production of charginos with momenta
laboratory for studying and extracting the fundamental paki andk; in electron-positron scattering with incoming mo-
rameters of SUSY. Thirdly they are naturally produced in amentap; andpa:
polarized state, and their polarization is imprinted onto the

angular distribution of their decay products, enabling impor- e (p2)+e (P =Xy (ko) +xa (K1) (1)
tant information about the nature of the underlying SUSY _ _
theory to be extracted from experiment. where we takey™ to be the particle ang~ to be the anti-

Since the CERNe" e~ collider LEP has failed to find particle, with the Feynman rules as given in Haber and Kane
evidence for any SUSY particldd], one must await the [7]. Henceforth we drop the subscrigtsand a, but under-
construction of the next generation of electron-positron mastand that the two charginos have massgsandm, respec-
chines, which will be linear colliders, to perform high preci- tively and in generam,#m, .
sion studies of chargino physics. Although charginos may be In [8] it was shown that at the tree level one darfter
discovered earlier at hadron colliders, it is only at such lineaappropriate Fierz transformatipwrite the scattering ampli-
colliders, with the added advantage of polarized beams, thdtides as
the parameters of SUSY can begin to be extracted with any S
precision[2]. In the context of such high energy, high preci- —1€
sion colliders, the polarization properties of the produced
charginos can be studied via the angular distribution of the

— 1—9°
U(e+)y#( 27)

u(e)

(1-%°

decay products as has been recently discussed by several )| 777+ ~ -
groups|3]. X| QUi ux ) y,— —vlx )}

Such studies involve helicity amplitudes for both chargino 5
production and decay which undergo quantum interference +Q© U(;(Jr)y (1+y )U(}—)D )
due to the short lifetime of the charginos. Thus far both the LR ko2

production and decay helicity amplitudes have only been o _ o
studied to lowest order, although the spin averaged crosfé_" Ieft-polgrlze_d |pC|dent electrons_, with a similar resylt f_or
section for chargino production i e~ collisions has been right-polarized incident electrons with the electron projection
calculated at one loop, including third family quark and Operator (- v°)/2 replaced by (% y°)/2 andQ(}) replaced
squark loop correction@,5], and the radiative corrections to by QS , where the superscript zero indicates tree level. Note
the chargino self-energy has been calculated including alihat since we take the positive chargino to be the particle, the
one-loop radiative correction$]. index 8=L,R is related to that i8] by L«—R.

In this Brief Report, then, we present the first study of the At one-loop order we find a more general structure. Nev-
radiative corrections to chargino production in electron-ertheless the amplitudes may be written as
positron collisions, including contributions from three gen- s 5
erations of squark and quark loops, for the case of polarized —let — M(l— Y’)
electron beams. Our main purpose here is to study such cor- v(en)y 2
rections numerically, and show that the effects may be rather
large in some cases. Although the radiative corrections in the N I
cross sections are of order 1-10% in general, for the cross Xi:;..S QLU ), ®

u(e)
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for left-polarized incident electrons, with a similar result for 4
right-polarized incident electrons with the electron projection 35}
operator (1 y°)/2 replaced by (#7°)/2, and Q% re- sl
placed byQY) where the superscript unity indicates one 25l
loop, and where "
L (Pb)2 |
(1) Lo
rte= s 4 il
0.5 F : -
1i 5 : 1 1 1 1 1 1
[34= 7”Q (5) %00 400 600 800 1000 1200 1400
2 V5 (GeV)

i FIG. 1. Lowest ordefLO) and higher ordetHO) cross section
FS:O'VPZE[‘}’V,‘}”’]- (6)  for lightest chargino pair production for left-polarized electrons
with tan8=5 and the other parameters as given in the text.

Note that the coefficient®{% andQ) are vectorsQ(Y) and

‘ eter to be 400 GeV and the remaining trilindaand(degen-
Q%) are two-rank tensors, an@'¥ is a three-rank tensor, J (deg

erate squark soft mass parametés-Mo=M =My to be

imi (1) o :
and similarly forQg;’. _ 500 GeV initially. We also assume a sneutrino mass of 500
In the presence of one-loop corrections, due to Ehe_thregev_ Note that the lighter charginél) will be mainly
families of quarks and squarks, the amplitude ®&re W-ino, with a mass=M,, and the heavier chargin@) will

—Xp Xa May be expressed as the sum of three amplitudebe mainly Higgsino with a mass u in this example. Since
Mz, M,, M;. As explained in Refl4], we define one-loop we work in theMS scheme, the above parameters are run-
renormalized total vertex functions '@;')';X, ig;";x, in’:l;X, ning parameters taken directly from the output of the renor-
andi@i . In the total vertex functions we include t;e tree malization group equatior(sR_GE’s), which is an advantage
VeEX when working in supergravity(SUGRA- type models. Of

level vertex, the one-particle irreducible vertex diagramscourse, the chargino masses we use to calculate the cross
plus the vertex counterterm, and the one-particle reduciblgections at one-loop are the pdfghysica) masses.
vertex diagrams plus their counterterms. Although the de- Assuming these parameters with @5, Fig. 1 shows
tailed expressions for the total vertex functions is quite COM+the cross section for the production of the lightest chargino
plicated, by exploiting the possible Lorentz structures of thepair for beams of left-handed polarized electrons as a func-
diagrams it is possible to express them in terms of just a fewion of the center of mass energy. The effect of radiative
form factors which are generalizations of those presented fQEorrectionS is to reduce the cross section by a few percent,
the case of the third quark and squark family{#4}, where  jith a noticeable shift in the lightest chargino mass threshold
explicit expressions may be found. These form factors mayjye to the more steeply rising threshold. The difference be-
in turn be related to the quantitied{} defined in Eq.(3),  tween thresholds in this figure corresponds to twice the dif-
and similarly for QY), as we shall show in detail in a ference between the pole and running masses of the lightest
forthcoming publicatioh [9]. We consider our approxima- chargino.
tion reasonable since by keeping quarks and squarks in the Figure 2 displays the cross section for the production of
loops we gain a color factoN,=3 and a flavor factoN; both lightest and unequal mass chargino pairs for beams of
=3 (summation over generations was not done in our previfight-handed polarized electrons as a function of the center
ous work in[4]), in addition to having large Yukawa cou-
plings in the third generation, especially at large values of 0007 ' ' ' ' '(H.O.; ]
tanB. For this reason we think that the electroweak correc- :
tions we have neglecte@ncluding box diagramswill not
dominate and, therefore, that our conclusions will not 0.005 -
change. Despite this, we recognize that a complete one-loop 0.004
calculation is necessafg]. R (pb)

One of the main purposes of this Brief Report is to exam- 0003
ine the numerical effect of these corrections, and show that 0.002 -
in some cases they may be rather large and with some de- TTIRLEN
pendence on the squark masses. For definiteness at the modi 1 1 : : -
fied minimal subtraction schem&IS) scaleQ= M, we take %00 400 600 800 1000 1200 1400
the SU(2), gaugino mas#/, to be 165 GeV, the. param- V5 (GeV)

FIG. 2. Lowest ordefLO) and higher ordefHO) cross sections
for lightest and unequal mass chargino pair production for right-
The one-loop corrections due to quarks and squarks considerqublarized electrons with tg8=5 and the other parameters as given
here do not involve the operatbr. in the text.
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F.IG' 3. Lowest orde(LO) and higher ordng) Cross section_s FIG. 4. Detailed blowup of cross sections for right-polarized
for lightest and unequal mass chargino pair production for right-

larized el ith —50 and th h electrons for the lightest chargino pair with tds50. The HO
S::/:rr:ziﬁ thi?g;rtons with tg6= and the other parameters as ., s sections are for degenerate squark soft mass parameters of 0.5

TeV and 1 TeV.

of mass energy, for the same parameters as before WitLrl]ne ual mass chargino production for right-handed elec-
tanB=5. The unequal mass cross-sectiol’ refers tob 9 9 P 9

—1a=2, which is equal to the cross-section for-2a trons, this time concentrating on the threshold region of Fig.

B . 3 where the corrections appear to be largest. The shift in the
=1 assumingCP to be conserved, although the two CrOSS second chargino mass is clearly apparent, and is about 20

sections are not added together in the figures. Note that t
) ; . : o eV (30 GeV) for squark masses of 500 G€¥ TeV). The
cross section for the lightest chargino pairs with nght—hande:%eak cross section is reduced by about 26294 for squark

e a2 W Tasses of SO0 GeW. Tev. The sensiiviy of the higher

rated luminositv of 10 b*%it v(/iII be easily measurabl® order corrections to the squark soft mass parameters for the
9 L y 0 pb . ~aslly = case of right-handed incident electrons, shown in Figs. 4 and
The radiative corrections involving right-handed incident

A L 5, means that for the case of large faat least, information
electrons in Fig. 2 are larger than for left-handed incident bout the soft squark masses may be inferred from suffi-

S 0
electrons m_Flg. 1, and may now k_)e as large as about 10 %‘iently accurate measurements of the chargino production
Note the shift in the second chargino mass threshold. cross sections

Increasing tam to 50 makes very little difference to the Up to now we have chosen to compare the higher order

tree-level and one-loop corrected cross section for left- : . : . o
. rrections with a tree level cr ion defin fixin
handed electrons, as compared to the results foBtah in corrections with a tree level cross section defined by 9

; . . : the SUSY parameters rather than the chargino masses, i.e.,
Fig. 1. However for right-handed electrons, mcreasmg/ian_wh”e the HO cross section involves the chargino pole

to 50 leads to the much Ifarger radigtive corrections sh(_)w_n Dhasses, the LO cross section involves the chargino running
Fig. 3 as Co.mpf%red to Fig. 2. In view of the large rad'.at'vemasses, both pairs calculated with the same fixed values for
corrections in this case, we proceed to study these regions We running parameteys andM,, at the scalen, . One may

. . 2 Z .
a little more detail. reasonably ask whether the higher order corrections de-

In Fig. 4 we magnify a region of the cross section forscribed here are entirely due to the new threshold effects of

lightest chargino pair production for right-handed electron : ;
above the threshold region in Fig. 3. As already remarkej[,he renormalized chargino masses. The way to answer that

the effect of radiative corrections is quite large. The correc- 0,008
. T T T

tions depend on thédegeneraesquark mass as shown in L.O) oo
Fig. 4, where squark masses of 500 GEVTeV) leads to 0.007 - M[@[Q:E-i’ ey 1

negative corrections of about 25(85%y). 0.006 | -
In Fig. 5 we magnify a region of the cross section for 0.005 - T
ob2 (pb%ooak
°The reason for the smallness of the cross section for lightest 0.003 -
chargino production with right-handed electrons is due to a destruc- 0.002 |
tive interference between the photon ahdiagrams, compared to a
constructive interference with left-handed electrons. This is due to
the approximately axial couplings of electrons to }hh@ he absence 0

0.001

¢ _ : - O 550 600 650 700 750 800
of the sneutrino exchange diagram for right-handed incident elec- V3 (GeV)

trons then guarantees a small cross section in this case. For the

production of unequal mass charginos and right-handed electrons FIG. 5. Detailed blowup of the cross sections for right-polarized
the photon exchange diagram is not presg@itleast at the tree electrons for the unequal mass chargino pair with@arb0. The

level) and the cancellation does not occur, leading to the largeHO cross sections are for degenerate squark soft mass parameters of
cross section than the equal mass case in Fig. 2. 0.5 TeV and 1 TeV.
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0.002 T T

it is the center of mass energy likely to be used at a future
Linear Collider to study these particles. In addition, since
corrections become important rather close to the threshold,
they may affect the chargino mass determination when the
threshold method is usgd0,11].

In summary we have seen that for the case of right-
handed polarized electron beams the effects of radiative cor-
rections due to loops of quarks and squarks may give signifi-
cant corrections to the lowest order result, particularly for
large values of ta. These results highlight the importance

0 of being able to measure cross sections with polarized elec-
200 250 300 350 400 450 500 550 600 . . ..

Vs (GeV) tron be_ams at future linear .colllders. Suc_h large radlatllve

corrections must be taken into account if the underlying

FIG. 6. LO and HO cross sections for t8s=50 and degenerate SUSY parameters are to be accurately extracted from the
squark soft mass parameters of 0.5 TeV, for the case whexad  experimentally measured chargino cross sections. An impor-
M, are modified such that the chargino pole masses remain thgant part of the corrections are due to mass renormalization,
same. but genuine corrections to the cross section can also be large,
guestion is to compare the HO cross section involving th(%ipec'a”y near the peak of the Cross seonn. Since th.e radia-

e corrections to the chargino production cross section are

chargino pole masses calculated with the SUSY parameters ~ ) :
; S : sensitive to the squark masses, we have seen that information
wn(mz) andM,(mz) with a new LO cross section involving

chargino running masses which have the same numericglbom the squark spectrum may be inferred from chargino

S roduction cross section. The effect of radiative corrections
value as the pole masses, but calculated with different SUS . : . : :
: on the production of polarized charginos will be considered
parameterg.(my) andM,(m3). In this way, all the correc-

tions due to the renormalization of the chargino masses arié1 a future publicatiorj9].
9 Note added After this Brief Report was submitted for

hidden, and the difference between the LO and HO CrosEyublication there appeargd2] a complete one-loop calcula-
[

0.0015 |-

oF (pb)0.001

0.0005

sections is due to genuine corrections to the cross section. [h

; = on of the chargino production cross section and asymme-
Fig. 6, where we take tai=>50 and squark masses of 500c}ries, showing the importance of the corrections. The large

GeV, we show the comparison of the leading order and_ .. .. . '
. . . radiative corrections tog shown here were not observed in
higher order corrections with these SUSY parameters so ads . :
ef\f. [12] because they only considerédqd g and sinceog

justed that the chargino masses remain unaltered. We see th<0_ the effect was missed

in the region of the peak of the cross section for right handed " - '

polarized electrons we still get a substantial correction to the We are grateful to the Royal Society and CONICYT for
cross section which is of the order of 26#%nd increasing to  a joint grant(No. 1999-2-02-14Ppwhich made this research
34% for squark masses equal to 1 TeVhese corrections at possible. M.A.D. was also supported by CONICYT Grant
the peak of the cross section are especially important becausé. 1000539.
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