SUSY-induced Flavor and CP-violation in B-physics *

Gudrun Hiller
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* “Implications of current and future b-data for (weak scale) SUSY ”
Thanks to HFAG, Zoltan Ligeti, Guy Raz, Salim Safir for input

Non-CP observables/rare decays — plenary talk by M. Misiak (Monday)
Lepton Flavor violation — plenary talk by A. Brignole (after this talk)

SM=Standard Model, NP=New Physics, EWKSB=electroweak symmetry breaking, FCNC=Flavor changing neutral currents
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SM tests with indirect processes

indirect loop processes: A Z myy scale of New Physics

00"
[:eff — ZCE )v Cg ) N f(znjaglangCKMagpmadg)

colliders flavorphysics

1

no competition from large SM tree contributions
complement collider searches
FCNC: sensitivity to SM and NP phases ¢ and flavor-breaking couplings 0
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b' u,c,t ls b' u,c,t |s b. w, ¢t ls b. d,sb s
MFV = no more flavor/CP violation than in SM, i.e. in Yukawas (CKM)
U(3)> symmetry only broken by “Y" spurion fields; RGE invariant
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Flavor breaking in SUSY

superpotential leads to CKM-type flavor-breaking (with unbroken R-parity)
_Efsoft D) QTWQQ@ + UTm%]f] + [?Tm%[? + AU@HUU + AD@HDD
squark masses (A-terms) : 3 x 3 hermitean (complex) matrices

super-CKM basis: quarks are mass eigenstates, but squarks not UNLESS

mé,QU > 1 and AU,D X YU,D (1)

beyond (1) — large # of new sources of flavor/CP violation

. o U,D 2U,D ; _2U,D
e.g. tree level FCNC §g;g;, mass insertions 0, ;= = Amy ;" /my;..

(1) realized in GMSB, AMSB, CMSSM (RGE induced effects tiny)

beyond MFV terms in b — s motivated from GUTs from large v, — v/,
oscillations — sizeable effects in BS — Es—mixing hep-ph,/0212180, 0212397
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Sensitivity to New Physics

models of EWKSB with NP @ TeV

‘little H|ggs W I

MFV UV”fIX :
EDW SM on
brane

su ersoft
SU breaklng MFV :

SM likeB physics— new physicsin B data

reach in indirect signals  rare b, ¢, K, T-decays, mixing, EDMs, g-2
depends on beyond the SM flavor/CP violation (minimal=CKM 7?), large
parameters e.g. tan 3 and theor. and exp. uncertainties rig from hep-ph/0207121
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Plan of the talk

e Introduction: SUSY effects in b-physics v/
e Searching for BSM phases in b — s: “sin 23" measurements”
e Recent and future SM tests from b — sv, b — s{™{~ processes

e Flavor violation in models beyond the minimal model

— R-parity violating effects in double radiative decays

— light AY in NMSSM at large tan 3
e Outlook

*in this talk 3 denotes the phase of BB-mixing, i.e. Bug
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Time-dependent CP asymmetries in b — sgq decays

V. v*
VeV
O(A?)

SM background O(A\?) ~ 0.04, # non-universal, hadronic physics
sn(zﬁe”)/sn(z " s

Eia

SM+MFV: —nepsin 26((5s)Kg) = sin20((¢c)Kg) + | ——=

FCNC tree
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since Moriond:~ 1o shifts in cc, @, larger ones in KS, fo; 0" off by 2.30
better agreement between Belle and BaBar

Gudrun Hiller SUSY'05, Durham, July 2005 Slide 6



SM background to AS

AS = —77fo — sin 25

hep-ph/0505075, 0503151 hep-ph/9708305, 0310020, 0303171, 0403287

f ASQOPFONLO | A gQUDFOLO | | AGSUG+| | g 1 pos | ¢ LPOS

®K° | 0.01...0.03 0.02 <03 | 0474019 | —0.09 +0.14
7 KO 0...0.02 —0.01...0.02 | <015 | 048+0.09 | —0.08+0.07
OKe | 003...012 | 0.03...0.10 <02 | 0314026 | —0.02+0.13
wKs | 0.05...022 | 0.05...0.25 _ 0.63+0.30 | —0.44 4+ 0.23

LO captures central value and uncertainty of full NLO calc. of AS,

for all above modes: QCD factorization predicts ASy > 0, experimental
shifts < 0; no significant C'y # 0

ultimately more precision needed; all exp. errors < 0.1 only by time of

super-b-factory nep ph/0s03261
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Pattern of NP in b — s Penguin modes

generic NP scenarios with one additional phase, use QCDF @ LO nep-ph/oso3is:

(]
SM -
Rommmaia
AR AR RN RARE IRREE AR ]
. *
Z-penguins et
] e A B x
X - +
KK-gluons
+ x
S N e ull xv
non-SM C,
+ X 9 A om
N A I I A B 1S
-1 -0.5 0 0.5 1°f

input: Srox, = 0.34 e and maximal NP amplitude ok with other data

predict S¢ for: V=0, A =17/, B =

N X =w, +=0p

goal: identify type of NP from characteristic SM departure
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Fit generic NP scenarios to current data

A= Agy + Anp; Anp o< €™ heppnjososist Y2-fit to b — s penguin data
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black, dark grey, light grey regions: probability > 0.32, 0.046, 0.0027
IFF Axp >> Agy 4-fold solution sin 2(5 + 1) ~ 0.4 (with cos26 > 0)
NP amplitudes can be larger if no phase ¥ =0, 7

pre-LP 05

,,199

o
o @ [

LP 05 update

Eq o

all 3 scenarios have solution, which is more favored than SM (¢; = 0)
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Fit to SUSY-model beyond MFV

assume gluino loops are dominant: 523, LL, LR, RL, RR, complex
nep-ph/0407073 IMpoOse bounds from b — s, b — séf (pre LP05 data)

N ey
uunnDDDDDnn

DDDDDDDDD
Oooo

\\\\\\\\\\\\\\\\\\\\

Gudrun Hiller SUSY'05, Durham, July 2005 Slide 10



Some (further) SM tests with b-physics

experiment SM comments
acp(b— sv) 0.4+3.6% 0.42 4 0.17 Yohep-ph /0312260 CPX in bsv, g
acp(b—d/sy) | —0.110 & 0.116 BaBaros 107 hep-ph/0312260 test MFV
SK om0~ 0.00 £ 0.28 Belle/BaBar0s —2mg/my, V+A FCNCs
B(B — X.9) < 9% CLEO'97 50+1.0-1073 NP in bsg
B(B— X, [ip) 43+£1.2-1076 4.3+£0.7-1076 q°-spectra
acp(B— X 00) —0.22 +£0.26 —0.2 & 0.2 Y%hep-ph/o812267 CPX
Agg(BHK*EE) — S 1073 hep-ph/0006136 CPX in bsZ
Ry pp vs. ee 1.06 = 0.48 BaBar'os 1—|—O(mi/m§)hep—ph/03102l9 non-SM Higgs
B(B — Kuvp) < 3.6- 1075 Belicos 3.8752.107°¢ 0O(10) from SM
B(Bs, — ptu™) <58-1077 3.2+1.5-107° O(100) from SM
B(Bs — 7717) < O0(5%) 72+£1.1-1077 0(10°) from SM
Amg > 15/ps (15 — 22)/ps hadron colliders
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Impact of b — s/~ beyond MFV, perspectives

B(b — stt¢7): best bound on Z-penguins §Zb-coupling ~ C1y < 2xSM
order 1 effects IN Cl() from 5 pOSSIble (LR and LL) hep-ph/9906286,0006136

great NP sensitivity in ¢%-spectra in b — s¢™¢~: asy # forward - #
backward ¢* in dilepton CMS w.r.t. B needs tagging A2M + A2 ~

App(8) ~ Re [ - (O 1 3(5)0 )] also B — K0+~ — Belle'04

1n . . . .
el AP NN AN N AR AR AR RN AN RN RARE
0, mng b, > §2b o5 o S HKTT T i
I 0.4 F o 3
\\ il Sm 0.2 F SM P 3
O ——= 0T : |
L / '&R ¥ h S n V UC M (S ) \/1 0.2 F \\.>,~ /
b - 1 P Ty 77-1'-'-Ti-‘-‘:‘::r::-,—.-:;.—_»:-_T,.__,__,_,_, ,,,, -0.4 ;—Wrong ggn C : hqa =
p -0.5¢ T 06 F : 3
% Ali,Greub,G.H.,Lunghi, hep—ph/0112300 -oif;_'""""""""i . -_-
[ _ ,reud,b. A, Lunght, hep= 0 2 4 6 8 10 12 14 16 18 20
'w {MP b bt 16 0.2 0.4 0.6 0.8 1 @ Gevc?

shape sensitive to signC'; (no zero for C7; > 0); Arp o Cjp; flat possible
zero allows precision test of SM §gﬁLL = (0.162 = 0.002(8) hep-ph,/0208088,0209006
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NP in b — svyy

NP in bsy + v tightly constrained by B(B — X,v), but 1Pl has room

&R

impact of 4-Fermi’s is higher order in b — s, lepton-loop down by a.,,

b — sTt7~ essentially unconstrained B(B, — 7777 ) < 5%  nepph/oa13u

R-parity violation: biggest contribution from v, through Ajs5Aa33 nep-ph/os0s152
M

RPV: Br/Brgy(Bs — vy) < 16 Br/Brsy(B — Xgyy) S5

model-independently: Br/Brgy (B — K~v7v) S O(10) hepphjoai13aa
B3 (By — ) < 1.48 - 107% ~ 10* - Bgyr(Bs — )
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Light CP-odd A": implications for hadron colliders

direct searches: hY — AY A" open if 2m 40 < Mo

can be VERY important for O(1) h"A° A°-coupling ¢ hep-ph/o00s308

1 1 1 1 |
100 150 200 250 300 350 400
M, (GeV)

decay modes: A° — bb, 77, 37 or higher hadronic, ppu, ee, vy
if AY very light and weakly coupled, it becomes missing energy

bounds from T-decays, beam dump, astro physics m 40 2 O(100MeV) ok
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NMSSM constraints from indirect signals

W = QYuHuU + QYdeD -+ LY;HdE + )\HdHuN — %/ng NZSiI’]g'Gt
at large tan 3: naturally light AY, rad. stable b — sAY transitions

bounds from B — KA, K — wAY, T(1s) — vAY decays

m>500GeV  my>200GeV | m>130GeV |

my, [ GeV]

I
| 6_ v/ X|

AV masses as low as O(10MeV) viable nep-ph/0s04220
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Light CP-odd A": further tests from b-physics

e improve bounds from radiative T-decays or B — K+ missing energy

e for my < myo S mp: search for AYinb— sttr processes
sensitivity e.g. B(B — X,7777) ~ 1077 > 0,

e B,— B, mixingand B, — u*p~ CDF: B(B, = utp=) < 5.8-1077
in MSSM Correlated Fig adopted from hep-ph/0207241

in NMSSM: SM-like Am, (A7 contribution constrained by Amy), but
not correlated with B(B, — 1 147) hepph/0a04220

F tang = 50
|| Ma = 200 Gev

E

A\

5

E ¥
£ ;:
- MSSM ¢

L L L L | L L L L | L L L L
0 0.5 1 1.5
AM,/AM
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Summary

e indirect (loop) processes are unique probes of CP /flavor sector

e flavor experiments distinguish MFV vs. non-MFV; very different
model-building; sensitivity to very high scales Agirsy > Apwk

e goal: measure ALL (flavor diagonal — direct searches and flavor
breaking — FCNC) couplings/parameters precisely

e so far agreement with SM/CKM, “sin 23" data moved closer to MFV
some hints (' KV); issue exciting and unsettled — higher precision

e many FCNC couplings only weakly or just un-constrained ..Am,,7+,..

e scenarios beyond minimal MSSM+MFV: interplay between flavor
physics and direct searches largely unexplored

e study correlations & pattern rather than individual observables
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Double radiative b — ¢V~ decays, status

modes Bgs 90 % C.L. bounds

By — vy | 3150500112107 5.4-107% saeos

B, — yy | 1.272540-3405+4000 . 1076 1.48-107* L3
B — X vy (3.7—5.1)-1077 —~
B— Kvyy | (0.5—5.6)-10"7 AB,D -
B — K*vyy few -10~7 C,D -

A: Singer,Zhang'97 B: Choudhury etal’'03 C: Choudhury etal’04 D:
Hiller,Safir'04 (OPE for short-distance 1PR)

Note >,y - B(B — Hvyvy) < B(B — X,y7); semi-radiative decays
suffer charmonium pollution 7., x; Br‘s depend on cuts

B — ~yy errors: Ag, fgB, i,y Bosch,Buchalla ‘02
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b— sv,b— s¢™¢/~ decays

diagrams in SM s b owet s
b ," U,C,i““ S i i b Or S b s
vl dw X
72 | T 37
0 A A

dipole operators O7 o< 51,0,,bpF*” Og X 51,0,,brGH
4-Fermi operators Og o (517,br)(€v*€)  Oyg o< (5py,br) (£y*y50)
new physics in Wilson coefficients C; = C?" 4+ CN" and /or new operators

model-independent analysis: Br's, Acp, Apg = f(C;) — fit |
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