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Abstract

We denve the 1 loop renormahzatlon group equauons for the parameters of the Minimal Supersymmetnc Standard Model
(MSSM) taking into account the successive decoupling of each spartic'e below its threshold. This is realized by a step function
at the level of each graph contnbutmg to the renormalization group equauons

The softly broken version ‘of the Minimal Supersymmetrlc Standard Model ( MSSM) [ 11is well known to lead

to electroweak symmetry breakmg through radiative corrections [2]. The study of radiative corrections is most
‘conveniently done by the use of the renormalization group equations (RGE’s) for the running parameters of the
model. Ultimately these energy dependent parameters should be related to the physical ones. One popular way to
realize this program [3] exclusively in the framework of the ( RGE’s) is the following:

We derive the renormalization group equations for running masses and couplings in the DR scheme. As we come
down in energy and encounter the heaviest particle threshold we switch to another *‘effective’” theory {4] from
which the heavy particle is removed and so on. Although the DR scheme is mass independent, we enforce the
Decoupling Theorean [5] at the level of the (RGE’s) by replacing the full theory by a succession of effective
theories. Fox « particular running mass m(Q) this treatment of its renormalization group equation will stop when
we encounter the corresponding physica! mass determined by the condition m(m,;,) = m;,. Both the step function
approximation on the RGE’s and this last condition for the physical mass are approximations that keep the leading
logarithmic part in 2-point functionsand i ignore the constant part. The popularity of this scheme is based on the fact
that one stays only within the renormalization group equations [6] and does not have to consider the finite parts of
the Green functions. '

In the present paper we derive in the DR scherr e the 1- -loop RGE’s for both dlmensnonless (gauge and Vukawa
couplings) and dimensionful parameters (50t masses and cubic couplirgs). At the level of each graph we enforce
decouplmg by inserting a theta function: 6,,= 6(02—m?) that counts the contribution of a particic of mass m at
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energxes Q> m. In order for.such a program to be carried out we should calculate the infinities of the two.and three
point functions of all particles involved. The use of the superfield formalism in a non-supersymmetric theory,
although possible through the utilization of spurious superfields, becomes difficult due to the successive decoupling
_occurring at the component level. One has to resort to the component formulation of the theory where the non-
' Renormalization Theorem does not apply. The details of the calculation along with the predictions of the MSSM
for the particle mass spectrum using the modified RGE’s described above will be presented elsewhere [7]
* The parameters of th: MSSM are defined by the superpotentlal (suppressing all indices)

¥ = YQH2U°+Y QH1D°+YLH,E°+;1.H1H2, ‘ ‘ (1)
and the soft supersymmetry-breaking interaction Lagrangian ‘
Lot = Z m! |d5 |24 (Y,A,0H,U°+Y,A,0H,D* +Y,A,LH E° +h.c.)

.+ (uBH,Hy +he) +1 ¥ M A, . (2)

The beta functions for the gauge and Yukawa couplings are, with £=log(Q?/MZ%yr ) and keeping only the Yukawa
couplings Y, .., of the third generation fermions,

dg; b; . .

- =Bz = s Te =23 bas=1 -3, 3)

dy, Y, S Be ot 2 v -

) ? = ﬁ(y ) = '('Z-_)“:( %T-rng fl(JT'r]gl +2Trryr+%yb) > ' (4)
“’dYb‘ i 8 2_3 2 1 211 2 2 4 1y2y-

‘ .(Tt- = fB(Y,) = (477_)2 (—5T383 "inzgz"ETblgl +3T,Y; ‘+3Tbth+2Y1-) ) o (85)

‘ dY 37 2 A L2 R 7 2 k k

_d—t- —B(Y) (4 )2 (- % nga 51‘:282‘%‘671181 +3T1,Y; +%T:bfb) . (6)

The threshold coefficients Tg, T, , etc; appearing in uhe expressions above are shown in Table 1.
The beta functions for the cubic couplings are *

da
EZ (4 )2 3g§M20Wm ?81M1(2+ 9}7.)95+3Y Ap b0 +4Y3Ar
+A1(Zr)gl +Z‘r‘lg§ +Z1-rY-2r)] s )
ﬂég = —1— ~18a2M. 0 —3g2M, Oy M (—4+1805)0;+Y%A,0 Y2A,8
dar (4m)? S0 3M5 05 — 383 M, O0a, — 368 TM, (—4+186g,) 05 + er + Y7 A, Oy,p
+6Y3A, + AN Z383 + 2285 + 21187 + 2, Y + 2 Y3) Y, (8)
dA " 5 .
'E;“ (4'n’)2 185M3 9(:"3851‘429»!7172 ng!Ml(4+96Hz) 0501 A10H10+YbAb 911.1)
+A,(Z,3g3’+2,2g§ +Z, 83 +Z, YT +2,YD)] . ‘ (9)

In our notation 8,,= 6,6, 6,,.=6,0,0.. In all the expressions thrdughout this paper we assumie that the Yukawa
couplings are diagonal in family space. The coefficients Z,, in the expressions for the cubic couplings above are
given in Table 2; above all thresholds they vanish and in thlS case one recovers the well known RGEs.

3G, W,B denote the SU(3), SU2) and U(1) garae fermions respectively. H,, A, are Higgs fermions (Higgsines).
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Table 1 ‘
Threshold coefficients appearing in the renormalization group equations of the gauge and Yukawa couplings. Above all thresholds (he% become"
‘equal to unity .

1 -
T, = “(20+0r1. + O, (B, + 0y,) + Z (46r,+ 0, +46,+40p,+16p) )

i

= —i?+§0w+*(l;{q +0,;)+é(9”|+9m)+1 Z (30@4—9[,)

~ 20~ & Zf(ZOQ‘+9,)‘i+00‘.)~ :

i=]

T=L(—1+46;, — 204w ~ 0w +46p,cw)
Toy =45 (11— 48 + 8855, — 26, + 464, — 05y — 4051
T3 (2+ g5+ 30y, +208,)

T = 5(6 ~ 8Os~ 059)
TI 2 = §(— 1+ 40y, =204, — Ogw + ¢, 1,0w)
= (=28 =46y - 120 + 248y, -+ 366y, ~ Opg + 120,05
Tbl = i(GHz + 0-‘7:0‘)
Ty, =15(6+85n, <"y ~200m)

Ty = 4(6— Osg — 00
'} ', = '( —~1+40y, — 26w~ OQW + 46y, ow)
= 4,(15~180y,5+ 368y, -~ 055 — 12050s, — 16050 +480y50,)
Tn -’5(6 +36y, +20g;5 + 6i.0)
=1 (84, +645)

Table 2 : : i
Threshold coefﬁcnents appeanng in the r2normalization grcup equanons of the trilinear scalara couplings. Abovc all theey ho.ds these are
'vanishing :

Zyy = 35(11+ 1085 — 867 ~ 485z + 86pzn, +20y, — 805, — 20, — O ~ 86 —49an, + 46u,0)
i = %( ~3 4604, —66; - 1284, + 660y — 30w + 126wg,)
Z=4(~16+ +60g, ~ Opp ~ 30y, + 40y, + 40z, — 205, + 80y,0)

23 =3.6—20p + 405 — 556 — 205 — 4655 — O50)

Zyy =(—3+60y4 — GBQ 1264, + 66w — 305w + 126wa,g)

Zp = 120( — 21+ 1005 — 885 — 405 +2485pg, + 1860y, —246y,5 -—293 -~ Bgg -+ 89@5 + 1280308, ~ 129,-,,(;)
be = "( -24 +60}?| BHID 36”| +49111D + ]29(11) 26@!-71 + geih(?)

Zy = 5204, by, ~ Opaa,)

Zn=3(6—205+ 485 - 656 — 205 — 4056 — 0510)
Zpp = 43460, —60; —~ 126,65 + 60y ~ 305w + 120i,5)
Zy ,,0 515+ 3465 + 1868y, — 20,5 — 55 — 12650, + 120y,5 — 3205 — 16654 -+ 4868505, — 4864, — 16655)
lb (26H1 ng - 915171)
( 249,1,17 + 66y, — Oy — 30y, + 40,0+ 12055 — 299,;: +88y,5)

~ The beta functions for the smlar masses are given by the followmg RGEs *. The masses m, » appearing in the.
RGEs below refcr to the H;z,gs masses squared whichi are reiated to the their soft masses m3, ;, and the mlxmg
parameter wbym?,= m,,,I mut

4 The RGEs for the soft masses of the squarks and sleptons presented here refer to the third generation of termxons For the hrst two generations
the Yukawa couplmgs should be set to zero. . : .
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dm,: 1 o o R . e s 2
-E!-w’—u praect by [383(85~ 8) + 322085 — 0a) ~ 581 (8 — #3) Im

—LeIMI0; -3 IM 05 — M85+ 5578

+¥ im0, +mp 8 +mi0y, +A Oy, + 1 (O p - 28,3

S XalmOg, +ma B +mi by +AL0y 5+ 1 (G ~ 200011 (1)
dmj ) ‘ : | Ttk gy ATl : i
"'é;' = F‘“:';i”{%&’;{'gv' )+ n?i“’c eti”’»"zf'”’;:53?‘“:;3(:”%7;&*"193 38,5
+2Y; Im,_ ﬂ”,fmvﬂgfeﬂ»l;& +A ?)H 3 ‘»’“:(&g@"zﬂg;)]} . e}
dm3 1 ; 5 2 T .
R s e g0 90 218~ G ImE — B M0~ ReiMIGy < 1S
dr {4m” '
+ 205 (m G O, 2 m s A mi B FAL o (B 28,0 i1
dm} 1 N a0 a3
TL s = |- [3e20H ~ 8 + SR8~ A) Imi ~3eiM iR — 1g° M85 - 58S
(4m” e ' "
+Yimity +mp Be + 1l By, +A%0 u (B — 28001 (o
dmi 1
& = A 1«‘3:(6 fﬁﬂ}im‘&ﬂ?g‘jvi |
2 mi sy *mr!){ m; tﬁ.,‘ Ayt HF,H - 2 B I {14
‘_ifns 1 Y . R L . ™ 2 - S 3 F o
e e e PR EH, B ) T By B bl = 3R M TR g - 3R TOME S T B
ds (3m)° - ' ' ‘ ' ! o ‘

- 58] S YimT w0 v mp AT T3 (M - m‘,t* +mE B, +ALR o) R) SITRL) Bt

(13)
— iAo gt I e 3 ML T R -t M B8
i
T AT Y s S YT {183
- The quantity .xn;&..rmsz 1n the eguapons above s defined a8
$=Tr| Y m'} ‘ S o

Tins vanishes it universal boundary conditions are assumed ic7 sii soft scalar masses myvolved at the unification

seafe, as long as we are above all partcle threshoids. Ths is due 1o ihe baci hat 815 m;i*ph:amw.,» repormalized
The RGEs given above refer W the third generation: For i frst Iwo - groeration: #e have just 0 make the

< approgriate repracements for the Yukawa s.twplmgs \hhkh due 10 ther smaliness, we. ‘uuc as\»mcd Ee <518

For the Riggs and Higgsino mixing purreters m = B and p respectively e have,
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. dfﬂi - i 1 % < 3 i ; - 5
= e L = 38500k, + O = 28, — Bpop — G ) — BB, + Op. = 2Buir, — B — Prad
47w 3V AN mi
+ - 32‘5“; By m. —égf. B + 34, y? B+ 34, Yf Bor = A, Yofem
dp b
dr ciw}

v?* b(aowﬂn)* ¥ (&g éﬂ}*iyrtgl“*b'f)g t}g,

TR

[‘g ‘Q r '99} - 86&1;1‘?: r 9‘1;“‘ '? 34‘!23‘} + %gf 9’1‘} + 9!?: - 8631/’1., + 88t HH;‘B}

Finally the beta funcitons for tae three gaugino masses are
aM. . b

& aw o c

. i=1 3 (M%)

where 5. are the beta 1o ton coefhicients of the gauge couplings above all particle thresholds, te
:b]_;‘j = :‘g‘; -3, H 21
and S, are threshold fuacnon coefficients given by

Sy
Sy 38y -4 B 128y w8 S i3

S : ;

LNy e
S, - 08— }; P38y = G - Fo s+ Beng s
‘ Pl

“ e
X, = = ‘V, SRS LIRS L L R *",7« -8 35

HEY

Flostroweak syminetry breahing eifects. wnong which especially those expresied firectly through me might play 3
‘role, have not been included sbove. Noez that the threshold 2ffzcts computed ahove ar e one foep lewelare ¢ spentedd
10 be of the s3me order of magnitiude as the standard 2-loop conmbutions to he RGE « 071 Work cn these ubredts
B in progress. -
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