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1. The Grand Scheme

The LHC up and running . ..
— discovery of BSM physics this year?

The ILC is still coming ...
... a bit later than anticipated
— to investigate BSM physics

Worldwide Study of
the Physics and Detectors

for Future Linear
e' e- Colliders

= New Physics is certainly around the corner

= Time to get ready for BSM physics
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The big question:
Which Lagrangian describes the world?

My guess:
It is a supersymmetric one
= concentrate on the (N)MSSM from now on

(other people = other guesses = other priorities . ..)

In any case:

= we have to measure as many observables as possible
— masses

— branching ratios

— angular distributions

— Cross sections
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The big question:
Which Lagrangian describes the world?

My guess:
It is a supersymmetric one
= concentrate on the (N)MSSM from now on

(other people = other guesses = other priorities . ..)

In any case:

= we have to measure as many observables as possible
— masses

— branching ratios

— angular distributions

— Cross sections

= compare with theory calculations at the same level of accuracy
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2. Towards fully automatized MSSM Calculations

Superpartners for Standard Model particles

:u,d, c, s, t, b: LR e"u’T-L,R :VG,M,T:L Spin %
:a,d',a',g,f,'z;: B A }76,“,{ . Spino
g WE 0+ y,z,17, HS Spin 1 / Spin 0
g 55%,2 929,2,3,4 Spin %

Enlarged Higgs sector: Two Higgs doublets <= focus herel

Problem in the MSSM: many scales

Problem in the MSSM: complex phases
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Where are we? (a selection!)

1.

Neutral Higgs boson masses
— O (arag) in the cMSSM [s.H., W. Hollik, H. Rzehak, G. Weiglein '07]
— O atag O (athzs), rMSSM [s. martin '07]

— O (Oztozg), rMSSM (incl. fin. terms) [Haarlander, Kant, Mihaila, Steinhauser '08]
Charged Higgs mass full 1-loop [m. Frank et al. '06]

Production cross sections at the LHC [R. Haarlander et al. '12]
— gg — h at 2-lo0op [C. Anastasiou et al. '08][M. Miihlleitner et al. '08][P. Slavich et al. '11]
— WBF at 1-1o00p [Mm. Ciccolini et al. '07][W. Hollik et al. '08][S. Palmer, G. Weiglein '11]
— bb — h: 4FS vs. BbFS, Santander matching

[S. Dittmaier et al. '06][S. Dawson et al. '06][R. Haarlander et al. '11]
— Z-factors at 2-loop [Mm. Frank, T. Hahn, S.H., W. Hollik, H. Rzehak, G. Weiglein '06]

Higgs decays
— full 1-loop (depending on final state) [ |
— /-factors at 2-1o00p [Mm. Frank, T. Hahn, S.H., W. Hollik, H. Rzehak, G. Weiglein '06]

Decays to Higgs bosons

— (partial) 1-loop, rIMSSM [ |

— (partial) 1-loop, CMSSM [H. Rzehak, G. Weiglein, K. Williams]
[T. Fritzsche, S.H., F. v.d. Pahlen, H. Rzehak, C. Schappacer]
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What is missing? (a selection!)

1. Neutral Higgs boson masses
— full 2-loop
— more 3-loop (and in “easier accessible” scheme?)
— leading 4-loop

2. Charged Higgs boson mass
— leading 2-loop

3. Higgs decays
— full 1-loop in the r/cMSSM (some final states)
— leading 2-loop

4. Decays to Higgs bosons
— full 1-loop in the rIMSSM
— full 1-loop in the cMSSM

= provide corresponding codes!
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Generic problems for SUSY loop calculations:

e SUSY has to be preserved in the calculation

e Many different mass scales

e Many more mass scales than free parameters

e Even more parameters: mixing angles, complex phases

e Renormalization is much more involved than in the SM
— much less explored than in the SM
— has to preserve/respect mass relations
— depend on mass scales realized in Nature
— sometimes no really good solution exist (e.g. tan3)
— many sectors enter at the same time

= this is the biggest issue!
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Enlarged Higgs sector: Two Higgs doublets

H, — (H% ) _ (vl+(¢1+i><1)/\/§)
Hf é1

F RN
H3 0o + (2 +ix2)/V?2

V = miH{A1 4+ m5HoHy — mis(eq HYHS 4+ h.c.)

2 2 2

g g _ _ g —
+ (H1Hy — HoH5)? + = |H1H>|?

—8 _ 2

gauge couplings, in contrast to SM

physical states: 0, HO, A0 H+
Goldstone bosons: G9, G+

Input parameters: (to be determined experimentally)
tang :U—Q, M% = —m3,(tan 8 + cot 3)

v1

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012



Enlarged Higgs sector: Two Higgs doublets with CP violation
Hy, — Hi v+ (1 +ix1)/V2
H3

P1
o (3l )
Hz vo + (2 +ix2)/V2

V = miH1H; +m3HpHp — mis(eqHYH3 +h.C.)

2 2 2

g g _ _ g —
+ (H1Hy — HoH5)? + = |H1H>|?

—8 _ 2

gauge couplings, in contrast to SM

physical states: 0, HO, A0 H+
2 C’P-violating phases: &, arg(mio) = can be set/rotated to zero

Input parameters: (to be determined experimentally)

tan g = =2, M2,

v1
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The Higgs sector of the cMSSM at tree-level:

e phase of mqo :

m1o> = 0 and p = 0 = additional U(1) (PQ) symmetry

reality: m1o#0, u#=0
= perform PQ transformation with ¢pqg

m%’Q _ |m%2|ei(¢m12—¢PQ)
o= Mei(qbu—qbpcg)

= m1o Can always be chosen real

e phase of Ho: &

mixing between CP-even and CP-odd states:

0 m%,Sin ¢
Mep_evencP—odd = 5
—m7,Sin§ 0

I
Tadpoles have to vanish: T5® « sin¢ m%7, =0
= & =0 = no CPV at tree-level
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The Higgs sector of the cMSSM at the loop-level:

Complex parameters enter via loop corrections:

— u : Higgsino mass parameter

— Ay ¢ trilinear couplings = X}, - = Ay, - — p*{cot 3, tan 3} complex
— My gaugino mass parameter (one phase can be eliminated)

— M3 : gluino mass parameter
= can induce CP-violating effects
Result:
(A, H,h) — (h3, ho,h1)
with

Mp > mp, > Mp,

= strong changes in Higgs couplings to SM gauge bosons and fermions
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t/b sector of the MSSM: (scalar partner of the top/bottom quark)

Stop, sbottom mass matrices (Xy = Ay — p*/tan @, X, = A, — p*tan g):

2 2 2
j\/lg - MfL + my —+ DTtl mthk i mfl 0O
F=
my Xy Mg +mf + DTy, 0 mg
2 2 * 2
M2 — MBL + mp + D1y, my X, i mg O
b 2 2 2

mixing important in stop sector (also in sbottom sector for large tan 3)

soft SUSY-breaking parameters A;, A, also appear in qb—f/B couplings

1
2 _ .2 2 2 2 2\2 2 2
mE L, =Mt (MfL + Mg, F \/(MfL — Mg )® + 4mi | Xy )

= independent of bx,
but 67 is now complex

SU(2) relation = My = My = relation between mpg ,mg,, 0p my ,mg , 0p
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More on complex phases: Neutralinos and charginos:

Higgsinos and electroweak gauginos mix

charged:

WH ki %753, W, hy > %1,.%
= charginos: mass eigenstates

mass matrix given in terms of M», u, tanpg

neutral:

~

~ 70 70 ~0 ~0 ~0 =0
2 Za,hua hd — X1 X2y X3 X4
WO, BO

= neutralinos: mass eigenstates

mass matrix given in terms of My, M»>, u, tanpg

= only one new parameter

= MSSM predicts mass relations between neutralinos and charginos
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Examples for processes with (external) stops and Higgs bosons:

— important decay modes of stops
— A; and A, directly enter the vertex
— possible source of Higgs bosons at the LHC/ILC

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Examples for processes with (external) stops and Higgs bosons:

— important decay modes of stops
— A; and A, directly enter the vertex
— possible source of Higgs bosons at the LHC/ILC

= higher-order corrections important!
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Examples for processes with (external) stops and Higgs bosons:

— important decay modes of stops
— A; and A, directly enter the vertex
— possible source of Higgs bosons at the LHC/ILC

= higher-order corrections important!

= simultaneous renormalization of stop and sbottom sector required!
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Examples for processes with (external) stops and Higgs bosons:

— important decay modes of stops
— A; and A, directly enter the vertex
— possible source of Higgs bosons at the LHC/ILC

= higher-order corrections important!

= simultaneous renormalization of stop and sbottom sector required!
= With on-shell properties for external particles!

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012 14



Examples for processes with (external) stops and Higgs bosons:

— important decay modes of stops
— A; and A, directly enter the vertex incl. complex phases!
— possible source of Higgs bosons at the LHC/ILC

= higher-order corrections important!

= simultaneous renormalization of stop and sbottom sector required!
= including complex phases!
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T he bigger picture: stop decays in the cMSSM

= to get BRs right = all decays needed

= (nearly) all sectors of the cMSSM enter as external particles

= (nearly) all sectors of the cMSSM have to be renormalized simultaneously
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T he bigger picture: stop decays in the cMSSM

= to get BRs right = all decays needed

= (nearly) all sectors of the cMSSM enter as external particles

= (nearly) all sectors of the cMSSM have to be renormalized simultaneously

now ready:

— (heavy) stop decays

— gluino decays

— (non-hadronic) chargino decays
— (heavy) stau decays
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= combination of various tools and analyses:

— FeynArts/FormCalc for one-loop diagrams (7. Hahn et al]
— MSSM counter term model file [T. Fritzsche et al. '07]

— LoopTools for numerical evaluation [7. Hahn

— Renormalization: as usual the biggest issue
* complex Higgs sector [v. Frank et al. '06]

* complex stop/sbottom sector [H. rzehak et al. 04, 07

* complex chargino/neutralino sector (7. Fritzsche et al. '11][A. Fowler et al. '10]
[M. Drees et al. '11]

* complex gluino sector

People used to choose the most convenient renormalization
for their problem/sector

= NO longer possible

= working FeynArts model file now ready!

— hard QED and QCD radiation
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Complex renormalization:

e 1) A; complex
= renormalization of |A;| and ¢4,: 0A; = 6Z¢At5\At| + 1A 004,
= DR renormalization

e 2) alternatively 0 complex
= renormalization of |07 and ¢y
= On-shell renormalization via

— — !
Reng(m%) + Reng(m%) = 0
= Feveng(mgl) + Feveng(mgQ) = ei¢f(m§1 — mth) x (667 + i spcydebr)
= evaluate §| A and 0p 4, as dependent parameters

e 3) Ap, Oy complex
— like for At, (9{

Note: 5m§ cannot be fixed via on-shell condition anymore
— dependent parameter, enters 04, 0¢4,

e 4) My, M>, n complex

= On-shell conditions for m -+, m-+, m-g
X1 X2 X1

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Calculation of partial widths and branching ratios:

— all diagrams created with FeynArts — TT

= model file with all counterterms in the cMSSM
— including all soft/hard QED/QCD diagrams
— further evaluation with FormcCalc
— Dimensional REDuction
— all UV and IR divergences cancel
— results will be included into FeynHiggs (www.feynhiggs.de)

— example plots will focus on BR(#> — #1h1), BR(f2> — t%9)

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012 18



Feynman diagrams for i — t1h;

ty t t ty
F g S A7 S 8~ S A7
- == F ——»——(: :S ——»——(: V . — :S
to to N to BN to '\N\jil.
F NSe-____ S Teo___ S T Vo e-____
h; hi hi hi
1] . ty
Vv - S th -7 e
: //—\\ //'A S// \l
__L;__ RN :S S //‘:\\ hrL \\\‘:-\ \ ///S
2 S ~N |§\\\§ \\\ t2 \:\\\\
i o ) .
t ’—//,V/ t2 -
- \\S /”V/QV
| |
\ /
S e V -
hz hz

— including Z—A or G—A transition contribution
on the external Higgs boson leg

— including all soft/hard QED/QCD diagrams
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Feynman diagrams for &5 — tx}

t t
F A S . F
-— - :S ——>——(:/ F -—— -
> | > R >
15 N lo g to r
Xi X

— including all soft/hard QED/QCD diagrams
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Numerical scenarios:

Scenarios chosen such that all decay channels are open

Scen. | Mg+ mg, mg, mg, L4 Ay Ay | My | Mo | M3
S1 150 | 650 | 0.4mg, | 0.7mg, | 200 | 900 | 400 200 300 | 800
S2 180 | 1200 | 0.6 mg, | 0.8 mg, | 300 | 1800 | 1600 | 150 | 200 | 400

Scen. | tang mg, mg, mg, mg,

2 260.000 | 650.000 | 305.436 | 455.000

S1 20 | 260.000 | 650.000 | 333.572 | 455.000

50 | 260.000 | 650.000 | 329.755 | 455.000

2 720.000 | 1200.000 | 769.801 | 960.000

S2 20 | 720.000 | 1200.000 | 783.300 | 960.000

50 | 720.000 | 1200.000 | 783.094 | 960.000
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r(t~2 — flhl)i

dependence on mg,

['/GeV
12 . . . -
S1, tree
,,,,,,,,,, S1, full =eseese-
o S T S2, tree =mmmm 1
"""""""""""""""""""""" S2, full wweee
8 o -
6L | & T .
4 -
2 -
0 1 1 1
500 1000 1500 2000 2500 3000

(51‘1 /Ftree

40%

30%

20%

10%

0%

—10%

LS
“w_

..........................

.......

......................................
................

.-

500

1000 1500 2000 2500 30062

= one-loop corrections under control and non-negligible

= Size of BR highly scenario dependent
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(1o — t1h1): dependence on ¢4,

['/GeV
10

O J
peh®
g

8k

JTRITIH T T T T T
ﬁf-"”“'*mh~.wz#ww
—"""""'-'-'-"'-""'"'"'-'-'.-',':,'j'::::"."-‘:'.'.'.'LT,"_-.;'.-_-_-_-_-m-w:
S1, tree ’
S| p— |
S1, abs mmmmmm
S2, tree == -
S2. full e
S2, abs mwmmim: 7

45°

90° 135°

180° 225° 270° 315° 360°

5F /Ftree
22% T

20% £,
18%
16%
14% |
10% F
8%
6%
4%

S2, abs

0° 45°

] ] ] ] g ] LA,
90° 135° 180° 225° 270° 315° 360°

= one-loop corrections under control and non-negligible

= Size of BR highly scenario dependent
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(T2 — tx3): dependence on mg

['/GeV
16 : : : : (5F/Ftree
Sl, tree 5% T T T T
4 | SLfull e T e
S2, tree =mmm= 0% | ST, |
12 F | S2, full weeeveess -
¢¢¢¢¢¢¢¢¢¢¢¢ —5% B ““\ -
o g .
st | ~10% | 1
6 B ) et .\wdw"“““‘“: _15% B --~’ﬁ.~o- |
4} e 1 —20%F | e i
/n “‘*‘,qﬂ"“" ............
O\““l _ L T .
2 I~ " - 25% Sl .........................
S2 v
0 1 1 1 1 —30% 1 1 1 1 ’rn,g2
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

= one-loop corrections under control and non-negligible

= Size of BR highly scenario dependent
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(T2 — tx}): dependence on ¢4,

T T T T T 5F/Ftree
S1, tree 10% T T ———— T T

o
2.8 SHTRE T ) — - =
Y (7 K3 o ., .,
"y 2 - K + », * =
3 8% R s
£ &é ...................... o ".‘ N -,
Fee, N % S N, "
2.6 .~ 8% R “~
.0 | v a% 827 tree =mmmm o 6% = A “, -
Y, vl 5 K o s, 0
AR - Vo
K 82 qu ........... 3 o e e,
\ % ) X0 4 R .
RS2 Sy & or -~ .-“‘ ~"~:, e, 7]
24 "%\ S2. abs meeene = e,
KN LTI S
kY
S 2% | S1, full seeeeeess i

2.2 F
0% ’ .

2%+ S2, abg mimumm:

Wy Les® n e
i, . o
CN i, o =
o, n, " '
v “a, & =
— », s, o S
or e, “, 4 o -
1 8 B R K2 * o
. ', “,, » o
N ", . o
o, s, Q &
% o S
7 '~ s, S
_6 ( (N ", o o .
>, “, Q &~
A\ “, o o
', “, * S

% ;
B -1 . ", o0
1 ' 6 % g — 8 90 - ”‘.’. "«/«,,,'/ ’o"‘ ‘\\\\\\\\\»\ 1
U at® R

Cewiman AT S A

1 1 1 1 1 1 1 _10(? 1 1 1 1 1 1 1 pAt
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1.4

= one-loop corrections under control and non-negligible

= Size of BR highly scenario dependent
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3. Towards fully automatized NMSSM calculations (Z3 invariant NMSSM)

MSSM Higgs sector: Two Higgs doublets

H, — (Hll):(vl+(¢1+i><1)/\/§)
H3 b1
NE RO
’ H3 vo + (2 +ix2)/V2

Vo= (mi+Ip [PHHL+ A5+ |n [?)HoHz — mis(eHYHS 4 h.c.)
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3. Towards fully automatized NMSSM calculations (Z3 invariant NMSSM)

NMSSM Higgs sector: Two Higgs doublets + one Higgs singlet

H, = (Hll):(vl+(¢1+i><1)/\/§)
Hf 1
e ()
> = > | = .
H3 vo 4 (P2 +ix2)/V2
S = v+ Sp4+18;

Vo= (1 + [pAS[P)HLH1 + (M3 + |PAS|?) HoHo — mis(eqp HYHS 4 h.c.)

>
g< + g°

2
— — g —
+ (H{Hy — HyH)? + ) |H1H>|?

K
+ |)‘(€abH%Hg) + "4352|2 + m%|5|2 + (AAA(EabH%Hg)S + gA/iSB + h.c.)

Free parameters:
)‘7 R, Alia MHi7 tanﬁ) Heff — )\US
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Higgs spectrum:

CP—even : Hy,Hy, H3
CP—odd : A1, A
charged : H"‘,H‘

Goldstones : GO,G+,G_

Neutralinos:

M — [eff
compared to the MSSM: one singlino more

~0 ~0 ~0 ~0 =0
— X1, X2y X3, X4y X5

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Needed for a fully automatized NMSSM calculation:

[R. Benbrik, M. Gomez Bock, S.H., O. Stal, G. Weiglein, L. Zeune€]

1. NMSSM model file for FeynArts

— mostly done
employing SARAH and FeynRules
— extensive comparisons / simplifications
— extensive checks: O (50) 1 — 2 prorcesses (loop only!)
O (100) 2 — 2 processes (loop only!)

2. NMSSM model file with counterterms

— most existing calculations do pure DR
— mostly as in the MSSM
— Higgs sector: work in progress
— not yet as settled as in the MSSM
(competitors did it ... [M. Miinlleitner et al. '11] )
— ready for L&L 2014 :-)

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Contact to real world:

= calculate ' (h; — gg) and " (h; — ~vv)

rhi o (i — gg9) Xx BR(h; — )
TP M (Hgpm — g9) x BR(Hgp — v7Y)

M(h; — g9) X T (h; = v7) X Mot (Hsm)

- T (Hsm — 99) X T (Hsym — 77) X Tot (hy)

= scan the NMSSM parameter space
(scan part of the NMSSM parameter space ...)

= compare to experimental results

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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R, in the NMSSM:;

h1
Yy

R

ha
Yy

R
= N W s Ol Y =1 0

00 100 110 120 1
Mh1 (GeV)

30

solid: ATLAS; dashed: CMS

30 14

[PRELIMINARY]

120 130 140 150
th (GeV)

160 170

= fits the data, h; and hpo can accomodate slightly larger rates than SM
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RY in the MSSM:

R Ry
TE = 7
6E - 6
5E = 5
=& 45_ %:??: 4
3E 3
2k 2k
80 00 100 110 120 130 140 15 190 T30 R —
M;, (GeV) Mg (GeV)

solid: ATLAS; dashed: CMS

= fits the data, h and H can accomodate slightly larger rates than SM

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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4. Conclusinos

LLoop corrections in BSM models are clearly important now

MSSM: renormalization is still a (the) big(gest) issue

FeynArts, FormCalc: model file incl. renormalization ready
including complex phases

Calculated: decays of stops, staus, charginos, gluinos
including complex phases (+ hard/soft QED/QCD, ...)

— corrections relevant for LHC/LC

NMSSM: tree-level model file ready

renormalization: work in progress

Connection to real world: gg — h; — vy
agreement with data found for the two lightest Higgses
in both, NMSSM and MSSM
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Higgs Days at Santander 2012
Theory meets Experiment
17.-21. September

NN UC I

Sl 1P VTR SR . i|'I'iJ:"i-!I 2010
CSIiC DE AR T ABHIA i
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Back-up
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5. Renormalization schemes

Generic parameter and field renormalization for scalar quarks:

~

2 Y, sm2  §Y,
U;M; UL — UMz UL+ UgoMUL= [T 71 4 [T ©

* 2 * 2
Yq mg 5Yq 5m§2

5M§12_U;11 (J12(5m —5m )+ q11 Ugp,0Yq + Ugy, q215Y*

7 575 67;
o (1+ ~oZ;) ) with 6z, = "7 7
q2 qo 0Z5,, 0Z;

q21 q22
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Renormalization of the t/t sector

— employ the widely used on-shell renormalization

1 —
omy = JRe {my [T (m7) + ={{(m7)| + [ 27 (mf) + 57 (m) | }
5m§ — ﬁézfﬁ(mt@i) (i=1,2)

(SYtzévae{ tlz(m )+ tlQ(m )}

This defines the counter term for A:
_ 1 x > 2 « ok .
0As = E[UfllUflz((Smﬂ B 5m752) T U511U5225Yt + U512U5215Yt
— (Ay — p*cot B) (5mt} + (Sp*cot B — u*cot? Bdtan B)

(with éu from chargino/neutralino sector, é tan 8 from Higgs sector)

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Field renormalization for on-shell squarks (£, b, ...):

Diagonal Z factors:
the real part of the residua of propagators is set to unity:

9% s (K?
Re—%u ) =0 (i=1,2)
k2 K2=m2
yielding
9% (k2)
-~ == 4y ~ = ) —
RedZ;. Re 2 o ImdéZz; =0 (1=1,2)

Off-diagonal Z factors:
no transition from one squark to the other occurs:

ReZQlQ(m ) =20 Requz(m ) =20
yielding
2 2
57— 4o Rezqu(m(b) — Yy S 2ReZqu(m(jl) — 0V
q12 (m2 —m2) Q1 — (m2 —m2)
q1 7p) q1 q2
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SU(2) relation = My, = MEL

“LL" soft SUSY-breaking term for § = {,b}:
2 = 2 2 2 2 2 2 2
MQL(Q) — |U§11 ma + |U§12| meg, — Mzczﬁ(T(? — Qqsi) — mg

Keeping SU(2) relation at the one-loop level leads to a shift in the soft

SUSY-breaking parameters
[A. Bartl, H. Eberl, K. Hidaka, S. Kraml, W. Majerotto, W. Porod, Y. Yamada '97, '98]
[A. Djouadi, P. Gambino, S.H., W. Hollik, C. Jiinger, G. Weiglein '98]

2 T\ 2 2 B 2 ~
Mg (b) = Mg (D) + Mg (T) — Mg (b)
with
2 (5) = 2¢ 2 2. D
5M@L(q) — |U§11| 5m§1 —|— |U('1"12| 5m§2 — U§22U§125Yq _ U§12U§225Yq* o quémq
+ M7 eo3Qqdsiy — (T3 — Qqsin)(cop 8MZ + M7 Sczp)

— under control
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Renormalizations of the b/b sector in the complex MSSM:

scheme Mg, , | ™Mb Ap Y, name
analogous to the t/f sector: “OS” OS | OS — OS RS1
“myp, Ay DR" OS |DR| DR — RS2
“my, Yy DR OS |DR| — DR RS3
“my, DR, Y, OS” OS | DR — OS RS4
“A DR, ReY, OS” oS | — DR ReY,: OS | RS5
Ay vertex, ReY, OS” OS | — | vertex | ReY,: OS | RS6
“— " = dependent parameter
= often very involved analytical dependences
— more combinations possible
... also tested
... upcoming results remain unchanged
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Renormalization of the sbottom masses:

OS renormalization:

5m§i = /R\EZEii(mi) (1=1,2)

Renormalization of the bottom mass:

OS renormalization:

Sy, = %Ffe {my |[Zhmd) + )| + (=5 md) + =2 (m) |}

R renormalization:

omy, = %vae {mb [ZbL(me) + Zf(mg)]div + [ZEL(me) T ZgL(ml%)]div}

Sven Heinemeyer, Loops & Legs 2012 (Wernigerode), 19.04.2012
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Renormalization of Ag:

DR renormalization: analogous to A;:

- 2
0Ap = o [U“ Ui, (RGZ" (m§ div — ReZEQQ(mEQNdiV)

1
+ = 5 U.6>'<12U5 (Rezg (m2 )aiv + ReZ (m~ ) div)
1 *
+ 5 U, UE* (ReZB (m% )aiv + Rezg (m~ ) div)
1

S(Ay— s *tan 3) Re{mb [zb (m2) + =f(m?) L,

+ [£5E ) + SR }| + on"lai tan 8+ u* s tan 5

Vertex renormalization:
----- Y = i A(p2.p2  p2
A ‘ i\ (p4, p3 - Py)

. — — !
via Re/\(o,mgl,mgl) + Re/\(O,m%Q,m%Q) =0
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Renormalization of Y.

OS renormalization:
1
5Yb=§Re{ (m2) + 55 (m

@1[\)

2l

DR renormalization:
1 2
0} = ERG{ L(m3 v + =5, (m 52)\div}

ReY, OS renormalization

_ 1 5o 2\ | Ba 2
RedY;, = ERe {Rezgw(m—gl) + Re2512(m52)}
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