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1. Introduction

Q: Which Lagrangian describes the world?

Q’: What describes the world better: SM or MSSM/SUSY ?
A: Two possible ways:

new SUSY particles found
e Search for new SUSY particles iy
SM ruled out

Problem:
SUSY particles are too heavy for todays
colliders, only lower limits of O(100 GeV).

— waiting for Tevatron (2005...7)
— waiting for LHC (2007...7)

e Search for indirect effects of SUSY
via Precision Observables
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Precision Observables (POs):

Comparison of electro-weak precision observables with theory:

EW Precision data:
My, sin? Oesr, ay

Test of theory at quantum level: Sensitivity to loop corrections

Y

<

T heory:
SM, MSSM , ...

Very high accuracy of measurements and theoretical predictions needed

e Which model fits better?

e Does the prediction of a model contradict the experimental data?
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Example: Prediction for My, in the SM and the MSSM
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Example: Prediction for My, in the SM and the MSSM
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The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles
1

:u, d,c,s,t, b:L,R € 1, T LR :Ve,,u,T:L Spin 5
:ﬂ,J,E,&f,E: B :56,,”: . Spin 0
g WE, 0+ ~, 2,107 13 Spin 1 / Spin 0
g 55{2 )2(1),2’3,4 Spin 5

Enlarged Higgs sector: Two Higgs doublets

Problem in the MSSM: many scales
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Enlarged Higgs sector: Two Higgs doublets

H = (H% ) _ (Ul+(¢1+i><1)/\/§)
H3 1

(72)~ (vt o)
Hz vo + (P2 +ix2)/V?2

V = miH1Hy +m3HoHy — mip(eq HYH3 4+ h.C.)

Ho

12 2 2
g - +g _ _ g —
+ 5 (A, - HoH5)? + 5 |H1H>|?
o -~ v N

gauge couplings, in contrast to SM

physical states: h°, HY, A9 H+
Goldstone bosons: G, G+

Input parameters:

tang :z—z, Mi:—m%Q(tanﬁ + cot 3)
1
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= Prediction for my,:

MSSM tree-level bound: m; < My, excluded by LEP Higgs searches
LLarge radiative corrections:

. , 4 M My
Dominant one-loop corrections: ~ Gy m; In — >
t

Measurement of my, Higgs couplings = test of the theory
LHC: Am;, = 0.2 GeV, LC: Amy =~ 0.05 GeV

= my, Will be (the best?) electroweak precision observable

Present status of m;, prediction in the MSSM:

Feynman-diagrammatic result:
complete one-loop, leading + subleading two-loop

FeynHiggs2.1 (www.feynhiggs.de)

[S. H., W. Hollik, G. Weiglein '98, '00, '02]
[T. Hahn, S. H., W. Hollik, G. Weiglein '04]

= used for later Higgs evaluation

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004



2. The Saga of the anomalous magnetic moment of the muon

ap = (g —2)u/2

Overview about the current experimental and SM (theory) result:

[g-2 Collaboration, hep-ex/0401008]
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The (g — 2), experiment:

LIFE OF A MUON:
THE g-2 EXPERIMENT Muons are fed

® Y9 ®
o0— % "'i‘
2 Target. g"’ \‘

Muons are into a uniform,
tiny magnets doughnut-shaped
spinning on magnetic field :
azis Iilu:;I tops. and travel in a circle. After ?“h circle,
muon's spin axis
(J j changes by 12°,
* > : yet it keeps on traveling

Protons Pions, weighing Pions decay
from AGS. 1/6 proton, to muons.
are created. ',

One of 24 detectors e
see an electron, giving After circling the ring
the muon spin direction; many times, muons
g-2 is this angle, divided spontaneously decay to
by the magnetic field the electron, (plus neutrinos,)
muon is traveling through in the direction of the muon spin.
in the ring.

Coupling of muon to magnetic field : u — u —~ coupling
1

u(p’) |7MF1(g®) + .
L

o qu 5 (q%) | u(p) Ay F>(0) = (9 — 2)u
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The early years:

'49 Schwinger: QED 1L %

'57 QED 2L terms ~1.77 x 107° RN

'68: CERN measurement +2.7 x 10~ 7 occ xsoons onei :

72 QED 2L log T +5.9 x 107 SRR T R R
'75: CERN measurement £2.7 X 1078 | cions wnt experiment.
76 QED 3L numerically 13 X 10_7 [Calmet, Narison, Perrottet,

'76 QED 4L leading (4+2) x 1079 de Rafael '78]

'76 hadronic contr. (6.7+.9) x 1078

'78: CERN measurement +1.0x 10~/
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Towards the first discrepancy:

QED calculation down to +0.1 x 1010
'"7T5 — '96 3L analytically [rRemiddi]
'83 — today 4L, 5L numerically [Kinoshita]

Electroweak 2L down to +0.5 x 10~ 10

'QO6 [Czarnecki, Krause, Marciano]
'04 [S.H., Stéckinger, Weiglein]

Hadronic light-by-light contributions

'85 [Kinoshita et al] (+4.9 4 0.5) x 10710
'95 [Kinoshita et al] (—=5.241.8) x 10710
'96 [Bijnens et al]  (—=9.24+3.2) x 10710
'98 [Kinoshita et al] (=7.941.5) x 10710

'01: BNL measurement +10 x 10—10

ag P — ath®® = (43 +16) x 10710

= A Harbinger For “New Physics’?

The Muon Anomalous Magnetic Moment:
A Harbinger For “New PPhysics™

Andrze) Czamecki

D prawrtimetst ol Phvsics, §niversity of Alberta
Edmonton, AR, Canada Te(; 2)]

William J. Marcano

Phyveics Departinent, Brookbavea Navioaal Laboratory.
Upten, NY 11973, USA

[A. Czarnecki, W. Marciano '01]
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The full light-by-light history:

'85 [Kinoshita et al.] (+4.9+0.5) x 10710
'95 [Kinoshita et al.] (=5.24+1.8) x 10710
'96 [Bijnens et al.] (-9.24+3.2) x 10710
'98 [Kinoshita et al.] (=7.94+1.5) x 10710
'01: BNL measurement 2.6 o discrepancy
'02 [Knecht, Nyffeler] (+8+4) x 1010
'02 [Kinoshita et al.] (+8+3) x 10710
'02 [Bijens et al.] (+8+3) x 10710
'02 [other groups] (+8+3) x 10710
'03 [Melnikov, Vainshtein] (13+2.5) x 1010

(TBCY)

seems to get settled, improvement still necessary
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The hadronic vacuum polarization history:

af?d x 1010 — 11659000

720 = SM ok

'O5 — '01 [many groups]

'02 new CMD-2 77~ data

'03 discrepancy between eTe~ and r data
[Davier et al.]

'03 error in luminosity determination
at CMD-2 discovered

'04 KLOE data (rad. return) = agrees with ete™

'04 isospin breaking effects = v discarded

[Ghozzi, Jegerlehner]

seems to get settled, improvement still necessary

~ 700 £ 12

~ —15

~ 410

~ 0695+ 7
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had LO

The a history (graphically):
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Overview of the SM theory evaluation:

Source contr. to a,[10719)

LO hadr. ~ 695+ 7 (eTe™) [Davier et al, Hagiwara et al. '03]

[Ghozzi, Jegerlehner '03]

711.0x6 (1) [Davier, Eidelman, Hbcker, Zhang '03]
LBL 8+ 4 [Knecht, Nyffeler '02]

13.6 = 2.5 tbc [Melnikov, Vainshtein '03]
EW 1L 19
EW 2L —4 [Czarnecki, Krause, Marciano '98]
exp. res. §) [BNL E821 '04]

“Isospin breaking effects” in 7 based evaluation of LO hadr. not properly
under control 7 [Ghozzi, Jegerlehner 03]

general agreement at ICHEP'04 Beijing: discard T data

aSP — "M ~ (2524 9.2) x 10710
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3. (g — 2), and Supersymmetry

Despite of ...

— Mmany discovered errors

— Mmany new evaluations

.. .discrepancy persists

aSP — "M ~ (2524 9.2) x 10710

Could SUSY be the explanation?

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Feynman diagrams for MSSM 1L corrections:

M -
\‘\’\X?’_R
-~ M
HaV
s
Y
— Diagrams with chargino/sneutrino exchange
— Diagrams with neutralino/smuon exchange
. 2
Enhancement factor as compared to SM: SM. EW 1L: % mg
- ~ W
,LL—XZ-i—VM . ~my tang w2
~ ~ e M
M—X?—Ma .~ my tan B MSSM, 1L: 7TMgus\(xtanﬁ
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SUSY corrections at 1L:

2

100 GeV

an =Yt~ 13 x 10710 ( ) tan 3 sign(u)
Msuysy

Msysy (= mp = mp = mg): generic SUSY mass scale

a; >Vt = (-100...+ 100) x 10710
a®P — qf'®SM ~ (2524 9.2) x 10710

= SUSY could easily explain the ‘discrepancy”

= ay Can provide bounds on SUSY parameter space
(by requiering agreement at the 95% C.L.)
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Example I:. Scan over SUSY parameter space

Scan over

w, Mo, mg, Ay

LOSP = lightest observable
SUSY particle

[J. Feng, K. Matchev '01]

SUSY could easily explain
discrepancy

= 7 o o " T 1 | R G
0 100 200 300 400 500 600 700 800 900 1000
M osp
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Example II: Investigation of MSUGRA with cold dark matter constraint

60

50

40

Aa [107]
S

20

10

_I I | I ‘ I | I I I I I I | I I I | I I I | I I I I_

[ % il

i o CMSSM, u>0 i

T o ° e tanf=10 7

~ e 0w e tanp =50, A, =0 1 Scan over mq o, mo, Ag
e e O il

SN anp=50,A,=+m,, 1 tan = 10,50

- :.' ° tanp =50, A, =-m, , i selected points give correct
) o, o @nB=50,A=+2m,;, 1  gmount of cold dark matter
B * ¢ tanB=50,A,=-2m ]

- ¢ 0 2 1 [Ellis, S.H., Olive, Weiglein '04]
[ . a

- - Severe bounds on e.g. mq;
_I | | | | | | | | | | | | | | | | | | | | | | | | | | |

200 400 600 800 1000 1200 1400
m,, [GeV]
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= SUSY 1-loop calculation gives interesting results

Motivation for 2-loop calculation:

e precise knowledge of aEUSY to ~ 1 x 1010 necessary to derive

precise bounds on SUSY parameter space

° aiUSY’QL can be large even if 1-loop is small

(e.g. due to heavy slepton/neutralino/chargino masses)

SM,2L,EW _ SM,1L,EW
o Cl,’u ~

—23% of ary,

= 2L can be large in principle

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Classification of MSSM one-loop contributions

A) diagrams with a throughgoing p /v, line — THDM diagrams

B) diagrams with a throughgoing /vy, line — SUSY diagrams

Classification of MSSM two-loop contributions

1. diagrams with a closed SM fermion/scalar fermion loop
(attached to class A)

2. diagrams with a closed chargino/neutralino (attached to A)
3. pure THDM diagrams (class A)
4. diagrams with a closed mixed f/f loop (attached to B)

5. THDM loop correction to class B

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Classification of MSSM one-loop contributions

A) diagrams with a throughgoing p /v, line — THDM diagrams

B) diagrams with a throughgoing /vy, line — SUSY diagrams

Classification of MSSM two-loop contributions

1. diagrams with a closed SM fermion/scalar fermion loop

(attached to class A) done
2. diagrams with a closed chargino/neutralino (attached to A) done
3. pure THDM diagrams (class A) done
4. diagrams with a closed mixed f/f loop (attached to B) not yet
5. THDM loop correction to class B not yet
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1. diagrams with a closed SM fermion/scalar fermion loop (class A)

type: (fV¢)

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Possible enhancement by:

— t,b, 7 Yukawa couplings
— large p and/or Ay and/or tan g (in couplings)
— small mg, My, Mz

Example: Barr-Zee type diagram:

= Enhancement:

— pmy , myAptan g

— can be large even if SUSY 1L is small ! (other particles in the loops)

Already known:

Approximation of leading terms can be very large, up to ~ 20 x 1010
[C. Chen, C. Geng '01] , [A. Arhrib, S. Baek '01]
However: results disagree by a factor of 4! Experimental constraints?
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2. diagrams with a closed chargino/neutralino loop (class A)

type: (xV¢)

Can be large, even if one-loop diagrams are suppressed by
heavy smuon/sneutrino mass

3. pure THDM diagrams (class A)

P 7

" b
o

el

— check of corresponding SM part

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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4. diagrams with a mixed f/f loop (class B)

— same enhancement factors as
diagrams with a closed f/f loop attached to class A

= possibly of same size

5. THDM corrections to class B

THDM corrections to SUSY one-loop diagrams

Already known:

QED corrections to azY5Y (1L): ~ —8% for Msysy = 500 GeV
[G. Degrassi, G. Giudice '98]

— only evaluated for a common SUSY mass scale
= non-negligible corrections possible

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Overview about technical details of the MSSM 2-loop calculation:

1. Generate Feynman diagrams for uu~y at two-loop
— FeynArts [Kiiblbeck, Béhm, Denner '90] [Hahn '00 - '03]

2. Extract contribution of (¢ —2), from 2-loop amplitude
— Dirac algebra, traces, ...
— reduction to a “basic” set of 2-loop integrals
= NO analytic expression available

3. Expand integrals in m; < Myeak, Msusy (Taylor, Large Mass exp.)
— all integrals are reduced to vacuum integrals: 77134, Ag, Bo

4. = analytic expression of a, in Mweak, My, Msuysy

— implementation in FeynHiggs2.1 (www.feynhiggs.de)

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Performed checks of our result:

e Cancellation of UV divergences

e Cancellation of terms ~ m;4, m2

e Cancellation of field renormalization constants

e Reevaluation of SM 2L diagrams from [Czarnecki, Krause, Marciano '98]
— perfect analytical agreement (after going to the appropriate limit)

e f/f loop corrections:
Going to the limit of [A. Arhrib, S. Baek '01] = agreement
(i.e. [C. Chen, C. Geng '01] is too large by a factor of 4)

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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4. SUSY two-loop results

We have obtained analytical/numerical results for
all two-loop corrections to class A diagrams:

3. pure THDM diagrams (class A)

1. diagrams with a closed SM fermion/scalar fermion loop (class A)

2. diagrams with a closed chargino/neutralino loop (class A)

Work in progress:

4. diagrams with a mixed f/f loop (class B)

5. THDM corrections to class B

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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3. pure THDM diagrams (class A)

5 G,m2 o m2
bos,2L __ K bos,2L m bos,2L
a; = = — e 777 l0g—5-+cn T
Z 38%2\/§7T(L 932, T 0 )
with

bos,2L __ i 1.21N\2

cr = 3 107 4 23(1 — 4s3,)?]
as in the SM!

= perfect agreement with existing calculation

[Czarnecki, Krause, Marciano '98]

2

Iog;—gv constitutes the leading part in the THDM corrections

CBOS,QL: complicated function of MSSM parameters T
= THDM corrections well under control, <2 x 10710
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pure THDM two-loop contributions:

full SM result: MSSM - SM:
-1.7_||||||||||||||||||||||||||||||||||||||||_ 0.30 S L

18l h i ]
C ] 0.25 — —
_19 __ __ o|—| I~ 1
- . FI| - -
- - o 020+ —
— - - — L .
S - 1 = [ ]
‘o 20 — s L i
=, i ] ) - -
- . _ < 015 —
g -21F 4 8 i i
= - I - .
© - S i ]
C 1 & o010+ —
22— pure Log term _ @ L ]
o] 5 - -
. ] o - -
2.3:— _ 0.05 .
24_—+I 11 | I | | | | | I | | I | | | | | | | | | | | | | | L1 I~I—_ OOO_I | | | | | | | | | | | | | | | | | | | | | | | | | | | 11 I_
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MHSM [GeV] MA [GeV]
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1. diagrams with a closed SM fermion/scalar fermion loop (class A)

Old evaluations of presumably leading terms: corrections up to ~ 20x 1010

Experimental constraints?

= Scan over the MSSM parameter space

—3 TeV < m < 3 TeV
-3TeV < 4, < 3TeV
150 GeV < My < 1 TeV

0 < Msysy < 1TeV

tan 3 =50
Msysy = Mg = My, = My = Mp = Mg (later relaxed .. .)
A’T:Ab

Constraints: My, Ap>YSY, BR(Bs — ptu™), BR(B — Xsv)
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Successive application of constraints:

15IIIIIII

— largest contributions from
(fV o) (Barr-Zee diag.)

— all data
— Mh bound

Ap bound
B, -> M bound
— B ->X_ybound

— NO constraints
= corrections up to

10 20 x 10710 possible

— constraints
= |Aaz-| <5 x 10710

IIII|IIII|IIII

1 bl III|IIII|IIII|IIII|IIII|IIII|IIII|III

50 100 150 200 250 300 350 400 450
Min. sfermion mass [GeV]

g_||||||||||||l‘::‘u|||
(@)
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Results for relaxed universality condition:

8000 T T T 1 T T 1 T T T 1 T T 1 T T T 1 1 T 1 T T 1 30 L T T T T L T 1T T 17 T T 1 L ]
I M, =400 GeV | 251~ M, =400 GeV ]
6000 — — ratio=1 — i — ratio=1 ]
L — ratio=3 4 20 — ratfo =3 ]
i — ratio=6 ] B — ratio = 6 .
_ ratio = 10 s [ ratio = 10 ]
% — ratio = 30 .%15 L — ratio = 30 ]
(O 4000 — -1 L -
el ~ 5 B ]
= - i o [ ]
i ) 10— -
2000 [~ — i i
L i 5+ —
| | | | | | | | o | | | | l | -
0 |- 1 1 |- 1 1 |- 1 |- |- 1 |- 1 1 1 1 |- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
MSUSY [GeV] MSUSY [GeV]

Mp/Mp > 1 = very large p possible
= Aa2k > 20 x 10710 possible

(this shows how “difficult” it is to obtain large corrections)
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2. diagrams with a closed chargino/neutralino loop (class A)

All diagrams with a closed chargino/neutralino loop:

type: (xV¢)
Approximation formula:
2
~ tan 100 GeV
Aaﬁ'—x ~ 11 x 10710 x ( 5) X < ) x sgn( )
50 Msysy

= suppressed by a factor of ~ 50 as compared to the 1L result
provided that mj ~ my, R~ Mo =~ M4

— Quality of approximation 7

— Size of 2L corrections for m-

Iu%mglu>,u%M2%MA

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004
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Quality of approximation:

14 _
12 H=M, =M, =Mg,gsy _
i —— full result i
10- — approximation .
— T 1 = excellent approximation
o I~ .
= 80 B
St : |
© 6 - 2L corrections can be
i 1 sizeable
4 — —]
2| .
O_||||||||||||||||||i||||:....!.._ﬁ=|=|=E|="----|----
0 50 100 150 200 250 300 350 400 450 500
MSUSY [GeV]
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Comparison of 1L and 2L results:

30

25

‘ u=M,=M,=M tanf3 =50 i

SUsY’

SUSY,1L
i
X,2L
- %
_ sUsYaLx2L
u

0

50 100 150 200 250 300 350 400 450 500

MSUSY [GeV]

1L suppressed:

mpg = mgp, = 1 TeV

[

= 2L corrections can be
Sizeable
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Shift in 20 contours:

Mo [(36\/]
1000

M;= 1000 GeV,tan g = 25

800+

600

400+

200+

O 2 ‘ ‘ ‘ ']
1000 -500 0 500 1000
p [GeV]

dashed: pure 1L

Mo [GeV]
1000

M;= 1500 GeV,tan 3 = 50

800

600

400

200

-1000 -500 0 500 1000

solid border: 1L 4+ 2L = shift by > 100 GeV possible

S. Heinemeyer, Theory seminar, university of Edinburgh, 01.10.2004



Results in Split SUSY:

10 [ [ T 1T [ [ [ [ [ [
. 1 Split SUSY:
gl —— W =150 GeV, M, = 150 GeV B
I 1L = 150 GeV, M. = 500 GeV | [Arkani-Hamed, Dimopoulos '04]
12
- 1 =500 GeV, M, = 150 GeV 1 — scalar masses large
— sl —— =500 GeV, M, = 500 GeV _ (> 102 GeV)
Q — fermion masses ‘“normal”

only non-vanishing contribu-
tion to (g —2)u: (XV o)

= Split SUSY excluded
at 95% C.L.

0
50 100 150 200 250 300 350 400 450 500
M, [GeV]
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5. Conclusinos

Precision observables can give valuable information about
the “true” Lagrangian

new experimental result for ay:
ag P — a0~ (25.2+9.2) x 10710 1 270 (eTe™ data)
SUSY could easily explain ‘“discrepancy”

ay, can provide bounds on SUSY parameters

goal: Aay ®O MM <1 1010

= Evaluation of MSSM two-loop contributions

Expansion = analytic result in vacuum integrals

pure THDM 2L corrections: Aas- <2 x 1010

closed f/f loop corrections: Aas- <3 —5x 10 10
can be large, even if 1L is suppressed (crucial: experimental constraints)

closed chargino/neutralino loop corrections: Aafb'— < 5x 10710
can be large, even if 1L and/or 2L(f/f) is suppressed

Outlook: evaluation of remaining two-loop corrections
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6. Calculation of MSSM two-loop corrections

Overview:

1. Generate Feynman diagrams for puvy at two-loop

2. Extract contribution of (g —2), (given in terms of two-loop integrals)

3. Expand integrals in m, < Myeak, Msysy

4. = analytic expression in Myeak, My, Msysy
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1. Generate Feynman diagrams for ppuvy at two-loop

— use FeynArts (wuw.feynarts.de)
[J. Kiiblbeck, M. Bbéhm, A. Denner '90]
[T. Hahn '00 - '03]

— use MISSM model file
[ T. Hahn, C. Schappacher '01]

= obtain all two-loop diagrams
one-loop diagrams with counter term insertion
one-loop diagrams for renormalization

= transform diagrams to amplitudes
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2. Extract contribution of (g —2),

Amplitude: M, (p, A\)

Expansion in v momentum:
M (p, A) = Vu(p) + AYTyu(p)

(Viu, Ty given in terms
of 2L self-energies)

L

next step: project out (g — 2).:

1
My
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Next step:

— Dirac algebra

— traces, ...

— reduction to a “basic” set of 2L integrals

= a = (g—2)/2 is given in terms of 2L integrals:

a=(g—2)/2 = Cq xIntegral; + C, x Integraly + ...

Integrals have non-zero external momentum p? = m3

multiple propagators
complicated numerator

masses: 0, my, My, Msysy

= NO analytic expressions available
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3. Expand integrals in m,, < Myeak, Msysy

2
. . m _
Leading term in ay: ~ - *—a 107°
W, SUSY

iS @ good expansion parameter
My susy 9 P P

= perform Taylor expansion or “Large mass expansion” of the integrals

= all integrals are reduced to vacuum integrals: Ty34, Ag, Bo
— Further simplification of coefficients

— Insertion of analytical expressions for T34, Ag, Bo

= Analytical result for a = (g —2)

= numerical evaluation possible

(implementation in FeynHiggs2.1)
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Performed checks of our result:

e Cancellation of UV divergences

e Cancellation of terms ~ m;4, m2

e Cancellation of field renormalization constants

e Reevaluation of SM 2L diagrams from [Czarnecki, Krause, Marciano '98]
— perfect analytical agreement (after going to the appropriate limit)

e f/f loop corrections:
Going to the limit of [A. Arhrib, S. Baek '01] = agreement
(i.e. [C. Chen, C. Geng '01] is too large by a factor of 4)
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Experimental constraints:

Quantity M, ApSYSY | BR(Bs — putu) AR X

strong bound | >111.4 GeV | <3x103| <097x107%® |<10x10%
weak bound | > 106.4 GeV | < 4 x 103 <12x10°° <15x%x104

M;,: strong: exp. bound - 3 GeV theory uncertainty
weak: effect of dm; P = +5 GeV

Ap>YSY : strong: 20, weak: 30
BR(Bs — putu™) : strong: 90% CL, weak: 95% CL

Ap_x.y = |BR(B — Xsv) —3.34 x 1074
strong: 90% CL, weak: 95% CL
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