01

One-loop contributions of super-partner
particles to e e™ — W~ W™
in the MSSM

Shinya Kanemura (ITP, Univ. Karlsruhe)

with
S. Alam, K. Hagiwara, R. Szalapski, and Y. Umeda

PRD to appear (hep-ph/0002066)
NPB541(1999)50

e Sfermion one-loop effects on e~ et — W-WT

e In order to obtain trustworthy results, three tests for
the one-loop calculation are performed.

e Size of the SUSY correction to the SM prediction is ex-
amined by taking into account the experimental con-
straints from

the direct search results and
the electroweak precision data.



1 Introduction

Study of Radiative Corrections & present/future Data

= Information of NEW PHYSICS

The W~ W™ pair production from e~ e™ collision

Precise measurements at LEP 2
also at Future Linear Colliders (JLC, NLC, TESLA)

correctio
Radiative (NN to ¢~ ct — W~ W+
can be used to probe not only the SM

but also models for new physics
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2 In this Talk

SUSY-p artlcle one-loop contributions
toe et — W-WT in the MSSM

o Sfermions (Squarks and Sleptons)
¢ Inos (Charginos, Neutralinos and Gluinos)
e extra Higgs bosons (77", A" and H ")

We here congentrate on Sfermion-loop effects

Calculation of e et = W W™

Subtle gauge-theory cancellation takes placel.

U
Incomplete treatment of higher order terms leads
artificially large corrections

Three tests of the one-loop calculation:
1. The BRS identity Alam Hagiwata Kanemura Szalapski and Umeda

2. The Decoupling Theorem Appelquist and Carazzone

3. High Energy behaviors

Size of the sfermion correction is studied by taking
into account parameter constraints from

e Sfermion direct search results,
o I precision data. ™G

Cho, Hagiwara
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3 Form-factor Decomposition

The process scalat W
) helicities 4
e(k,T) (P:A) M= (0,=1,4+1,8)

3 physical
polarizations

¢ (k) Wi(P. A)

The helicity amplitudes
16

M =3 Fi 1 (s,t) juk, K, 7) T €,(p, N) €5(P, N)
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Form Factors 16 basis tensors
ARA=16

Tree level diagrams
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We also calculate e~e™ — w™ W to make the BRS test.
(w™: the charged Nambu-Goldstone boson)
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4 One-loop calculation

Tarassv etak

Renormalization: MS scheme Chetyrkin et af.
Input SM parameters: (m7,.,é?, &%) & = §*§*

The W boson mass: my, = 80.41GeV

The MSSM MS couplings:

1 1
—_— = - — ATIZ?(0, ),
Enrssm (1) ey () ik

1 1 'iQ
- = — ATER7 (0, p)
ﬂfnggmfﬂ) g%m (p) e

T,

SUSY-loop contributions

The SM MS couplings are determined by using the SM RGE's and the
experimental values for the effective charges

1/@(m?%) = 128.75 % 0.09 for m, = 175GeV

32(m?) = 0.23035 + 0.00023 Mg, = 100GeV



5 The sfermion sector

Sfermions: Squarks @ Sleptons
-3 iU i - ;}f
Q& = [ = ] , = [ f }
dy ey
ih, dh ek, (t=1,2,3)
Mass matrices
: my +m3 cos28(T§, — §2Qy) +mj —my AT
M= =
d —my A" mg +my cos 2/38Q) 5 +m‘}

‘4fr~. = ,1;."_ <+ g tan 3
1?? - 1:, +4- M coOl ."f

The t; -t mixing

: te,
Diagonalisation : ( ;; ) il (

T Ty

2

: ) mixing angle 0,



6 Sfermion one-loop diagrams
s W

S LA
gauge boson two-point functions

(a) ﬁ (b} & (e) £ (d) f
> LY /*\ f*\ ;*\
WA | YV Va4 | A AANA W oA b
\?I 111 \*J \?!
| f:.? E 1
| (£) ;”‘aﬂ

e”

W

VWW vertices (V =7, Z)
(a) (b) () (d)
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7 The three tests of one-loop calculation

7.1 Test by using the BRS sum rules

QB-RSIth) = (phys|Q@ers =0, Beachi et of
{Qers, € } = O*WE + Erhyd™.

The BRS identity
(phys'|(O*WE + iy @™ )|phys) = 0. Gaemers Goumaris

Sum Rules among the form factors

16
&ijFjr(s,t) = CoogHir(s,t) (i=1-3)
j=1 : -
3 W
= Chod X
e* w(s)

Test by using the BRS sum rule (i =1, r = =1)
V9 Left-hand-side &, F;(s.t)
Right-hand-side  Cmoa Hi(8,1)

200 GeV | —1.385496590672218 x 10"
~1.385496590672223 x 10 °
1000GeV | —6.682526871892199 x10~°
—6.682526871892053 x10~°

More than 13 digits agreement

The one-loop form factors are tested by the BRS sum rules
except for overall renormalization factors.
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7.2 Test of the exact decoupling

The decoupling:
r piing

oMsSSM = Osm + Aosysy

miy,

Aosysy — O ( ) , (Mgysy > miy)
Moy |

\ The Decoupling Theorem (Appelquist and Carazzone)

|
\ This fact can be used for testing one-loop calculation. J

For exact decoupling, we expand MSSM running couplings by
those of SM, and take terms up to O(gsy)-

0.0000

(14070885 (0/d030), ) (d07d00SE) 5 (6=50)

M. 5 Fermioy wiass

=000
~0.0002 |
=0.0003

-0.0008 N4 7 Meo GeV

__'._' L_LJ_J_LJI!lil|IlI-IJlll-I-IlllIllll-llll]_]_IJL.I.J..IJ._L.I_I_-I;Lr

g 5 10 15 20 25
i, R 1ME [TaV™]

lwmnﬂlmt

The overall renormalization factors have been tested, which
cannot have been tested by the BRS test.
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7.3 High energy behaviour

At high-energy, large gauge-theory cancellation takes place.

Test for numerical stability of the full computational pro-
gram at high-energies.

High-energy analytic formulas of amplitudes
(m%, /s = 0, m??/s - 0)

(6) (Myesy—Mey)/ Mgy (t=—1,6=90")
0.1'@ . T l1l'|'i'|'j T LU U R i 'i"'|"'|'r'i|'| = i"1"i"1'W!:
0.06 =
- Full calculation
0.00 = == —— g
008 | -
: J{ High-energy formula :
1 g : _!_; L L-:llrt Lo ||||||| Liil ;.I.“ul.... el lju.ul. = 1._1..4.J..l..u£
Bl 10° 10" 10° 10" 10’
Vs (GeV)

Complete agreement at high-energies.



8 Sfermion effectson e e™ = W W™ -

Constraints on parameters: ® Direct Search Results
e EW Precision Data

8.1 Helicity amplitudes: Non f 1~ fr mixing cases

First 2 generations: | Case 1 Case 2 Case3
 Input parameters

mea= Mmg= Mg 300 500 1000

p Ee "o
“Output parameters

Mgy =g, 207 498 999

Miig = Mg 298 499 999

Mg, =My 304 502 1001

My, = m;g 301 501 __1090

em"’m-m"“,._,,ym‘”w (==16=00)

0.003 =
E e pmsel
—— pasel

0.002 -~ ocuss0

0.001 |
E C opre ctions

E.ﬂm ;_ - NE_%‘\-*".Q
~0.001 | av@‘ew X 0\ %

-0.002

= F_ i i I LR T e A 1
B'mmo 1000




8.2 Helicity amplitudes: ;-1 mixing cases

i-b sector: | Case1 Case2 Case 3
Input parameters B
my= mg=mp 300 400 500
A 7 625 1025 1539
“Output parameters
mi, 100 100 100
mg,, 478 607 741
mg, 304 403 502
My 301 401 501
cos B 0.708 0708 0707 4= Q¢ = 45°
M M M7y (1==1,0290)
0.010 — e prr —
0,000 | I
: —— e :
_ e ouESE
I" ——— caged i
0,010 @ v

Vs (GeV)

Constraints by the Precision Data (S-T" fit)

.80 Ln—-rrrn-rr'n—-ri-'r" 1 H'-r-r|-rn-|-|-rt-r-v-|-|—v7r|-r—\‘1-:+|'-|-Hrr'rnT"
Ce s Max, mixing casel
ﬂr?ﬂ .— . BOD

0.60 =

:

160 *

-
:
|
3
s

0.15

SM  ( Me=175 GeV, mp =100GeV)

=010

(X% :
-0.15 ~0,10 -0.06 0.08

0.00 010

AS



8.3 Helicity-summed cross-sections

Hdwmﬁ.,.m Edtﬁmmmﬁmmmmnh

{tﬂm-ﬁ;w{@@wwwdmﬂ}w 0.01
) ' : #,Jenduolai(
0.002 _- 0.006 - M,.x—-
o001 | t £
0 F
0
~0.001 =0.008 — =
-0.002 - B :
E . E —-ﬂ.ﬂ1 F P
~0:003, 55 == — 100 1000
Vs (GeV) Vs (GeV)
- Case | 2 3 | w9 1)
Input
me 1000 250 250 | 600 600 600 600
mg=mp | 1000 250 250 | 540 540 540 540
mi 100 1000 250 | 540 540 540 540
m 100 1000 250 | 540 540 540 540
A 0 0 0 0 1000 1800 1900
_'Gutput I
mi, 1014 302 302 | 624 421 196 111
mi, 1015 304 304 | 567 730 820 835
mp, 1001 254 254 | 602 602 602 602
mi, 1000 251 251 | 540 540 540 540
cos 0; 1 1 1] 1 0637 0668 0671 |
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by précision data
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9 Summary

Sfermion one-loop contributions to ¢ ¢ —» W W,

Subtle gauge-theory cancellation
at each order of perturbation

4

Three tests of the one-loop calculation.
1. BRS sum rules (one-loop form factors)
2. Decoupling property (overall renormalization factor)
3. High-energy behavior (high energy stability)

Numerical Results:
Constraints Direct search results
EW Precision data
e Sleptons and the first two generation of squarks

Corrections negative: a few x0.1 %.

® f—é sector

Correction positive:
Larger t1-tg mixings => Larger corrections

T
Excluded by the EW precision data.

after all: a few x0.1 %.

The sfermion effects in this process is very small.

The other SUSY effects: work in progress.



