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Outline

e CPV in the B and Bs systems: First hints of new (flavor) CPV physics?

e Implications for rare AB=1 FCNC and helicity suppressed processes

e Probing the unexpected with rare B—K® Eniss decays



Recent developments in the Bs system

e During the last three years increasing experimental
hints of sizable CPV in Bs sector
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Recent developments in the Bs system

® Theoretical interpretation

e In the SM all CPV Bs observables precisely predicted in terms of an angle
in the squashed CKM UT S, = arg[—(Vis Vi) /(Ves V)] = (1.04 £ 0.05)°

abs. @ 3.20 [ Bs, AT ] @ 44% C.L. (CDF), 24% C.L. (DQ)
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e CPV NP could in principle contribute either in mixing or in decays

e In decays would need to compete against tree-level SM contributions

see however
Dighe et al. 1005.4051

* New effects in mixing predict correlations between observables
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e Theoretical interpretation

e In the SM all CPV Bs observables precisely predicted in terms of an angle
in the squashed CKM UT S, = arg[—(Vis Vi) /(Ves V)] = (1.04 £ 0.05)°

abs. @ 3.20 [ Bs, AT ] @ 44% C.L. (CDF), 24% C.L. (DQ)

e CPV NP could in principle contribute either in mixing or in decays

e In decays would need to compete against tree-level SM contributions

see however
Dighe et al. 1005.4051

-(New effects in mixing predict correlations between observables)

Can be tested!




Recent developments in the Bs system

e Theoretical interpretation: NP in Bs mixing hypothesis

e [f no CPV in decays, consistency relation between observables crosra, N Ferez

AT, e .
agr, = — | Ao | Sue /A/1— 52,  (Sype =sin285") ¢/ Satisfied by current measurements
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(@) ha=hs, 04=05s OK, not preferred
(b) hs > hg Preferred
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Need flavor non-universal new sources of CPV



Implications for minimal flavor violating NP

* Most conservative and agnostic approach to NP: EFT with MFV 2 0 = o

e SM gauge sector is invariant under a large flavor symmetry (Gr ~ U(3)°)
only broken by the Yukawa sector Yo = A4, YiL=MNe, Yu=Vcxkm® Ay
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* Most conservative and agnostic approach to NP: EFT with MFV 2 0 = o

e SM gauge sector is invariant under a large flavor symmetry (Gr ~ U(3)°)
only broken by the Yukawa sector Yo = A4, YiL=MNe, Yu=Vcxkm® Ay N
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Yu >

Ybp

e MFV requires all higher dimensional operators to formally respect Gr — new
flavor violating structures can only be constructed using polynomials of Y

e Ratios of FCNC transitions among different generations are SM-like
determined by CKM (V1Vy*) - NP shifts to SM predictions are flavor universal

Haro = (Ge2 mw? / 81%) (ViVy)? Co [diyu(1-Ys)d]]?
Co(pMw) = Co(pw)sm [= So(x1)/2]+0Co



Implications for minimal flavor violating NP

* Most conservative and agnostic approach to NP: EFT with MFV 2 0 = o

e SM gauge sector is invariant under a large flavor symmetry (Gr ~ U(3)°)
only broken by the Yukawa sector Yo = A4, YiL=MNe, Yu=Vcxkm® Ay N

y Vokm
U >

Ybp

e MFV requires all higher dimensional operators to formally respect Gr — new
flavor violating structures can only be constructed using polynomials of Y

e Ratios of FCNC transitions among different generations are SM-like
determined by CKM (V1Vy*) - NP shifts to SM predictions are flavor universal

e Right-handed quark operators helicity suppressed (like in SM)

CKM as the only source of CPV is an additional assumption!



MFV and new sources of CPV

nrbo

e Even within SM, CKM not the only source of CPV: Locp 2 TrGW(N;'W

s

e Contributes to electric dipole moment of neutron (dn < 0.29 x 10-2° e cm) Ejg_eer)jgggmo

e Source of 10710 fine-tuning between 8 and overall chiral quark phase in Y;
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e Source of 10710 fine-tuning between 8 and overall chiral quark phase in Y;
e In MFV, NP contributions 0Ci can in principle be complex

e Would naively expect severe constraints on Im[0Ci] from dn and diagonal entries in Y
expansion - no measurable effects in flavor observables?



MFV and new sources of CPV

- nrbo
e Even within SM, CKM not the only source of CPV: Locp 2

TrGWCN}'W

s

e Contributes to electric dipole moment of neutron (dn < 0.29 x 102° e cm) Ejg_eer)jgggmo

e Source of 10710 fine-tuning between 8 and overall chiral quark phase in Y;
e In MFV, NP contributions dCi can in principle be complex

e Would naively expect severe constraints on Im[0Ci] from dn and diagonal entries in Y
expansion - no measurable effects in flavor observables?

Mercolii & Smith, @ |n concrete NP models, natural cancellations in flavor diagonal contributions can occur
0902.1949

paradisi & straup -~ difficult to control in EFT
0906.4551

Batell & Pospeloy,
10062127 e AF=1,2 operators decoupled in EFT - strongest bound on new phases in AF=2 from &k

Buras et al.,
1007.5291



Controlled breaking of flavor universality - GMFV

¢ |n extended Higgs sectors, absence of FCNCs at tree level requires introduction of protective symmetry
[Z2, U(1)pq in THDM]

e Individual Higgs doublets [Hu,d] couple exclusively to up or down sectors

e tanP = vu/vq - allows for rescaling of down-type Yukawas (v2=v,2+Vvq4?) Yu > L

e Breaking of U(1)pq can respect Gr - satisfies MFV YD
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* A\ ~ Mp tanP driven effects may become important, re-summation effects may decouple K, B sectors

CMay reproduce limit (a))
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Controlled breaking of flavor universality - GMFV

¢ |n extended Higgs sectors, absence of FCNCs at tree level requires introduction of protective symmetry
[Z2, U(1)pq in THDM]

e Individual Higgs doublets [Hu,d] couple exclusively to up or down sectors

e tanP = vu/vq - allows for rescaling of down-type Yukawas (v2=v,2+Vvq4?) Yu > L

e Breaking of U(1)rq can respect Gr - satisfies MFV

* A\ ~ Mp tanP driven effects may become important, re-summation effects may decouple K, B sectors

Kagan et al.
0903.1794

Buras et al,
1005.5310

e New operator contributions

* Ao b(1=Y5)d]] [AeZ (1=Ys5) €] - new contributions to B—=Xs £+ ¢-, Bs = p*p- Ql\j

CMay reproduce limit (a))

ay reproduce limit (b))

* [Ao b(1-ys5)di] [Agj dj(1=Y5)b] - breaks universality between K and Bq sectors in AF=2 FCNCs

-

|

In GMFV, new operator contributions only relevant in the B sector,

can provide new sources of CPV in Bq mixing - may scale with Aq

~

J

-

|

~N
GMFV can account for CPV in Bs

Implications for rare B decays?
J




AB=1 FCNCs

e Many operators contributing, several observables available

Gra,
HAF=L = T vy N TG0, + hie
o 2\/2wsin? Oy - ; e
EM and QCD dipole operators
Q?’)‘ — Ez‘zmjdiLa,uvde(eru) Qs = Z?ijdiLUpuTade(gsG:y)
_ _ EW-penguin operators _
Qov = 2div.diL byt Qioa = 2dityudjt £yuyst
density operator at large tan3 Z-penguin operator
Qs_—p = &didir)(¢rlL) Qe = Adyvudyvivu
/\
4 )

Direct correlations with AF=2 contributions not possible in EFT approach

Can test for indications of GMFV (large tan B)




AB=1 FCNCs

e Many operators contributing, several observables available

~

Mostly constrained
by B=XsY

Discrete ambiguity
correlated with Qov

Effective NP scale
N\ > 6(3) TeV

J

_ GrQem |
HE =l = — — V.V, .9, + h.c.
o 2V/27sin?8y ; o
EM and QCD dipole operators d
Qry = pmidiowdir(eFn) Qsc = Zmidiow T dir(g:Gi)) <
_ _ EW-penguin operators _
Qov = 2divudiL byt Quoa = 2dityudj £yuyst
density operator at large tan3 Z-penguin operator
Qs_—p = &didir)(¢rlL) Qe = Adyvudyvivu
I 68% prob. K
o s [ 68% prob.
Bl 95% prob.

pdf
o = N w [~ (8] (o)) ~

Hurth, Isidori, J.F.K. & Mescia,

0807.5039



AB=1 FCNCs

e Many operators contributing, several observables available

HAF=1 —

GF Cem

"~ 2/27sin2 6w

ViV ) GQ, + hec

EM and QCD dipole operators

Q’I'y — EzfmjaiLauude(eFuu) Qs = ??ijaiLUuu Tade(gs G,ju)
} _ EW-penguin operators _ _
Cng = 2dityudiL byl Qioa = 2dityudjt £yuyst ) <
density operator at large tan3 Z-pe_nguin operator
Qs_—p = &didir)(¢rlL) Qe = Adyvudyvivu

6Cyo

-1
6Co

dCyo

-1
6Co

-

Mostly constrained
by B-’Xs AN

~

Correlated ambiguity,

\_

(importance of Arg)

Effective NP scale
A>1-3 TeV

J

Hurth, Isidori, J.F.K. & Mescia,
0807.5039



AB=1 FCNCs

e Many operators contributing, several observables available

Gro,
HAF=L = T vy NT G0, + he
o 2\/2wsin? Oy - ; o
: 4 )
o EM and QCD dipole operatgrs _ ] ] Constrained by
Q?*y — EimjdiLauude(eru) Qs = EfmjdiLUpuT de(gSG;w) Kts11tVvV
. _ EW-penguin operators _ In the future
Qov = 2dityudj byl Qroa = 2dityudjr £yuyst B-KOvv important
density operator at Iaige tan 3 Z-pe_r_1guin operator Fffective NP scale
Qs_p = 4(didir)(€reL) Qs = AdyvudiVivuve <\ A>1TeV y

Hurth, Isidori, J.F.K. & Mescia,
0807.5039



AB=1 FCNCs

e Many operators contributing, several observables available

HAF=1 _ G/— Cem
eff - / . 2
24/ 21 sIn V) W

EM and QCD dipole operators

ViV ) GQ, + hec

Q7'y — EzfmjaiLapvde(eFuv) Qs = fzmjaiLapu Tade(gs G,jy)
_ _ EW-penguin operators _
Qov = 2divudiL byt Quoa = 2divudit £yuyst
density operator at large tan3 Z-penguin operator
Qs—p = Adudir)(¢rlL) Qi = Adivudyvivu Hurth, Isidori, J.FK. & Mescia,

/\ 0807.5039

Mostly constrained by Bs—=p*tp-

Correlation with Q1o0a
(importance of Argin B=-K* ¢+ )

6Cs*

Effective Charged Higgs scale

A> 1.5 (tanB /50)%2 TeV P R e

\_




b-sé ¢

e Theoretical status Huber et al.
hep-ph/0512066,
0712.3009

e Inclusive calculation at NNLO (s?,&Xs0em,Aacp/Mmb)
e low 1 GeV?< g° < 6 GeV? - precision at 8%
e high g° > 14.4 GeV? region - large power corrections, precision at 30%

e Exclusive modes B — KOI*I- approached using QCDF(SCET) + local form
factors (QCDSR, LQCD) - applicable to the low g? region

Beneke et al.,

e Zero of FBA precisely predicted in the SM hep-ph/0106067,

hep-ph/0412400

e Full angular amplitude analysis allows to discriminate new CPV, right-

handed current contributions Egede et al, 0807 2589

Altmannshofer et al., 0811.1214

e Feasible at the SuperB factories Fgede etal., 1005.0571

Possibility of testing (G)IMFV, new CPV sources



New physicsinlb=» st &

e Comparing with present experimental measurements

e Hints of anomalously large positive FBA in exclusive (B = K’ ¢+ ¢) reported at both low

and high g2
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e C7=-C7SMscenario without simultaneous large corrections
to Co,10 (or new operator contributions) is excluded

e Other observables (FL, A) less sensitive at present precision -o.2|
(Also theoretically limited)  -o.4}
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Bs/d =N AN

_|_
e Helicity suppressed in the SM H
Bs
e mediated by short-distance Z penguin and box He
e [ong distance strongly CKM / GIM suppressed
e main uncertainties: B decay constant, CKM
GF Q . ,u+
*NPcan & 5o ViV, (Cs@s + Cr@p+Ca)) i
. . Ho
e modify the Z penguin
ut

® induce a Higgs penguin or new contact interactions B,
(possibly lifting helicity suppression)




/i\ﬂ Ya, 071
. . A/ D
New physics In Bsjg= €7 € S W AN
9s gs 7
[Choudhury&Gaur 99; Hamzaoui, Pospelov,
Py Example: MSSM at Iarge tanB Toharia 99; Babu, Kolda 99; Isidori, Retico;

Buras et al 02; Foster et al 04-06,...]

e Flavor violating (U(1)rq breaking) Yukawa interactions
induced at loop level - tanf2 enhanced: BR(Bs — pu) o< tan® 3

tang = 50 Gorbahn et al. 2009
e |In MFV MSSM, correlated with Ams: A Buras, | M, = 200 GeV

hep-ph/0303060 —5

3
e bound on BR(Bs=>u*u") constrains effects in Bs ﬁ

mixing - both primary measurements of LHCb

S

Supp
- T predicté{?g
e Beyond MFV, no correlations T -
_87 |
10—t
. 0 0.5 1 1.5
e Bq=>¢'¢ not necessarily suppressed compared to AN, /BN

Bs=>¢t¢, possibility of LUV & LFV



B¢ v and B—=DMTv

Phys. Rev. D48, 2342.
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New physics in B—=¢ v

e LFV can also contribute to lepton flavor universality ratios — mciuchini, etal, hep- phvosossos

Rgl/gQ _ B(P — Elu)
P B(P — (yv)

e Within the MSSM large values of tanf and sizable mixing angles in the
right—S|ept0n sector still allowed A. Masiero et al., hep-ph/0511289, 0807.4721

J. Ellis et al., 0809.5211
e can only enhance electron mode
* Also analyzed in a MLFV effective theory approach Filpuzzi & Isidori, 0906.3024

e cffects correlated with LFV (u-e nuclear conversion)

e 50% effects in RgH'T still allowed



New physics in B—=¢ v

e Relevant for consistency check of Vb
extraction

e Example: presence of right-handed
currents will affect it differently than
Bomi¢vorB—=Xu¢v

AG R

C.C.

V2

. 2 ~
(IVab|&ioxp)” = (IVanl* + e [Viw|?)
Vil 5p = [Vio + €r Vs

Vb | &viexn = Vb — €rVup|
p

e Can remove tensions among different
Vub determinations

G = ——2 ay" [(L+ )V P+ erV Pa|d (Bymn) + he.

0.0+

—-0.1+

er Re(Vyp/Vup)
S
N

—-0.3¢+

—0.4L _
0.0030 0.0035 0.0040 0.0045 0.0050

(Similar tensions in Vcb extraction cannot be explained in this way)

A. J. Buras et al., 1007.1993
R. Feger et al., 1003.4022
A. Crivellin 0907.2461

[Vubl
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New physics

to extended scalar sectors

|ION Sensitive

>{1_

e Modification of the ratio of tau and light lepton rates

ty suppressed contribut

IC

e Hel

Kiers & Soni, hep-ph/9706337
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New physics in B—=DM v

e Additional kinematical and lepton spin observables allow access to NP
phases

o transverse |ep‘ton pOIar|Zat|On Grossman & Ligeti, Phys. Lett. B347, 399.

D. Atwood et al., Phys. Rev. Lett. 71, 492.
R. Garisto, Phys. Rev. D51, 1107.

pl =S, -pr x px/|pr X Dx|

¢ vanishes in the SM

e sensitive to the presence of a CP-odd phase in scalar interactions
suited as a probe of CP violating multi-Higgs doublet models

Probe helicity suppressed sources of CPV



New physics in B—=DM v

e Additional kinematical and lepton spin observables allow access to NP
phases

e Self analyzing virtue of tau - one can look at pion angle distribution in its

two-body hadronic decay mode in B — Du.7~ [— 77 v,] Grzadkowski, & Hou,
Phys. Lett. B283, 427

T. Miki et al.,

e Example: angle between D and 1t in B rest frame hep-ph/0210051
S T Nierste et al.
3 " Ep=2GeV,E; =1GeV 0801.4938
o 30 ——gs =0(SM)
| CImgs =141 Tanaka & Watanabe
=250 mgg =2 1005.4306
S 20¢
It< - Nierste et al.

+ 191 0801.4938
Q i
10}
T 0
% 0.5
Lq 00’ = . . . | . . . . | . . . . | . . . . ]
= o110 -0.5 0.0 0.5 1.0
cos 6

Discriminates between CPV phase of charged Higgs contribution
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b = s/d vv 5 :

¢ In SM: Z-penguin observable

1G
Heof = ——— Vi V5 (CYOY + CO%) + h.c.
2 \/§ 2
e _ _ e _ _
OL = e SWPb) V(1= 15)Vv) . Op = 75 (SWubrb) (VY (1= 95)V)

e Leading short distance contribution known to ~1%: (C¥)°™ = —6.33 + 0.06

Brod et al., 1009.0947

e Absence of photonic penguin operator which dominates b = s¢t¢
at low g

e Beyond SM: b — s/d Emiss experimental signature allows to probe
new light SM singlet particles



b = s/d vv observables

e Inclusive B = Xs,d vv: Theoretically cleanest (HQE & OPE) - Experimentally
challenging

e B+ = K* vv presently provides most stringent bound on NP (x3 SM)

e SuperB could reach 3o with 10ab-!, while 50ab-' needed for B = K* mode

SuperB progress reports: Physics
1008.1541

e K* final state offers additional observable

dFL,T/dSB
dF/dSB ’

¢ [ongitudinal/transverse polarization fractions Frr= Fr,=1-Fr

e experimentally accessible through angular distribution of K* decay

products

= ———sin“f + ——— 0 .
dspdcost) 4 dsp SO 2 dsp o8




D contributions to Bt =& K+ yv

e Important background from B+ = T+ v with tau decaying into KM+ v

1o
o 895’5“ 1't1h7i“]'F'K' | Formally of order Gr* - compensated by
o narrow width of intermediate tau lepton
. 06] i
“E 9 Account for 98% in B* — 1t vv
p B 12% in B* = K* vv
02 4 14% in B* = K**vv
oo o0 oI o o o o e (Also affects inclusive B = Xs,q VV)

¢ can be measured and subtracted
B(BT — KTvi)'"P «« B(BT — 77v) x B(rT — K1p)
e or can be computed and added (Vub, fB k)

e Presently, the associated uncertainty is ~3(4)% in B+ = KM+ vyv

Using decay constant estimates from:
V. Lubicz and C. Tarantino, 0807.4605
P. Ball, et al., hep-ph/0612081.



New physics in b =» s/d vv

A1Gp
V2

e Parametrize SM+NP in OPE: Heg = — VinVie (C7LO7 + CRO%) + h.c.

e Only two independent combinations measurable with present observables

VOFEIORE | Recioy)
(CpH™ CYE +|CYP 4 —
0.2

R(B = K*vp) = (1+1.3177)62M s = (1 Bl 95% prob. |
R(B = Kvp) = (1 —2n)é€, e ;

R(B — X,wi) = (14 0.097)¢2, -0.2y

<F >/<F > (1 + 277) _0_4_ // \\\\\ with 75 ab-1 of data
L L)SM = , L NS
(1+1.31n) 00 05 10 15 20 25 30

R(X) = B(X)/B(X)sm € M. Wick, 0911.0297

e important feature of F.: only depends on n

e Any deviation from SM would imply presence of right-handed currents

Altmannshofer et al., 0902.0160



New physics in b =» s/d vv

Y. Grossman et al.,
Nucl. Phys. B465, 3609.

e Example: parameterize dominance of Z penguin via modified bsZ coupling

C. Bird, et al.,
Phys. Rev. Lett. 93, 2018083.

e Correlations (constraints) from other b observables (Bs = ¢t¢-, B = Xs ¢t¢)

G. Buchalla, et al.,
hep-ph/0006136

e b = s/d vv cannot be enhanced more than ~ SM x 2*

T A Ny *or other NP contributions need to compensate B — X ¢t¢
10 i Altmaninshofer gt al., :
- 0902.0160 |
N i | |
T 8 | |
% i | |
I |
B 67 ,
Y I
@ I I
S 4 |
S i I
‘_< .
27 |
[ |
Ot Ss—t— 'V

10°xBR(B=X,I*1")



New physics in b =» s/d vv

Y. Grossman et al.,
Nucl. Phys. B465, 3609.

e Example: parameterize dominance of Z penguin via modified bsZ coupling

C. Bird, et al.,
Phys. Rev. Lett. 93, 2018083.

e Correlations (constraints) from other b observables (Bs = ¢¢, B = Xs ¢t¢)

G. Buchalla, et al.,
hep-ph/0006136

e b = s/d vv cannot be enhanced more than ~ SM x 2*
Altmannshofer et al.,

0902.0160 .
*or other NP contributions need to compensate B — Xs ¢'¢

A. Buras et al., 1007.1993
e (Sub)Example: New right handed sources of flavor violation

e particular modification of Z couplings

(motivated by the resolution of the Sye puzzle)

=
o

e correlations among b — s/d vv modes

Br(B—K*vv) x 107°

0 2 4 6 8 10 12
Br(BKy#) x 107°



el %2< e LE<

S. Bertolini, et al.,
Nucl. Phys. B353 (1991) 591-6409.

New physics in b =» s/d vv

* In MSSM very constrained T Goto, et al., hep-ph/9609512

A. J. Buras, et al., hep-ph/0408142
e gluino contributions constrained by B = Xs vy Y. Yamada, 0709.1022

Isidori & Paradisi, hep-ph/0601094

e tanB-enhanced Higgs contributions to Cr constrained by Bs = ptu-

e up-squark - chargino loops (0r.*?) can enhance/suppress Br ~ 35%

(nO effect In FL) égomzanggofer etal.,

* In RPV MSSM still room for large enhancements? <im, & Wang, 0904.0318


http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Kim%2C%20C%2ES%2E%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Kim%2C%20C%2ES%2E%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Wang%2C%20Ru%2DMin%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Wang%2C%20Ru%2DMin%22

New physics in b = s/d Emiss

e Neutrinos not detected in experiments probing b — s/d vv

e \arious NP contributions can mimic experimental signature C. B, et L., hep-phI0AOT195:

R. Adhikari & B. Mukhopadhyaya,

very light scalar dark matter hep-ph/9411347.

light neutralinos

|Ight NMSSM pseudoscalar nggs H. K. Dreiner et al., 0905.2051.
light radions G. Hiller, hep-ph/0404220.
unparticles

H. Davoudiasl and E. Ponton, 0903.3410.

T. M. Aliev, et al., 0705.4542

e Failure of the individual constraints on the £-n plane meeting at a single point

e Kinematical distributions modified - need to be taken into account when
iInterpreting experimental searches

¢ kinematical cuts to suppress backgrounds

e reconstruction efficiencies depend on final state kaon/pion momenta
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2010

New physics in b = s/d Emiss

e Example: pair of invisible massive fermions in B—2K Emiss

1/2 ~1/2 1/2 ~1/2 )

(1) (Q%Q)(W“w) (QWQ)(W Vs) + (D% ) () + (D% ) (v ys1)
L/2 1/2 L/2 s1/2 ) B

©) Xlg, H(DQ)(y1) + LH (DQ)(ys) + iH "(QD) () + iH QD) (¢s9)

¢ the resulting final state kaon momentum distributions will differ

& C. Smith .
—EXxp. cuts—1 |

| I
|Belle, 0707.01381 |

—Exp. cuts—1 |

! |
1Belle, 0707.0138 1
! I

= | o |
Q | Q |
S | S |
< X |
2 = !
—~ — |
<) i = :
| \
| ' :
. I
L - SN N R >
2.0 2.5 :
axial, vector, chiral couplings SM-like similar conclusions for two scalars in

my=0, 1, 2 GeV Altmannshofer et al., 0902.0160



Conclusions

e Rare B decays are sensitive probes of NP

e generally correlations among observables (also AB=2, charged currents)

starting to over-constrain even MFV NP

clear patterns in concrete models



Conclusions

e Rare B decays are sensitive probes of NP

e generally correlations among observables (also AB=2, charged currents)

starting to over-constrain even MFV NP

clear patterns in concrete models

e b — s transitions will be crucial to help reconstruct the NP model
responsible for new effects in Bs oscillations

probing for new CPV sources & departures from (G)MFV assumptions

e AF=2 FCNC non-leptonic decays (b — ssd and b — dds)

Huitu et al., hep-ph/9809566

Fajfer & Singer., hep-ph/0007132

Fajfer, J.F.K. & Kosnik, hep-ph/0605260
Pirjol & Zupan, 0908.3150



Conclusions

e Rare B decays are sensitive probes of NP

e generally correlations among observables (also AB=2, charged currents)

starting to over-constrain even MFV NP

clear patterns in concrete models

e b — s transitions will be crucial to help reconstruct the NP model
responsible for new effects in Bs oscillations

probing for new CPV sources & departures from (G)MFV assumptions

e b — s/d Emiss can receive contributions from particles other than neutrinos
In final state - modifications in spectra need to be accounted for in bounds
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New physics flavor problem

EW scale CPV
V \V4
o EFT (higher dim. operators):  Lsw = Lgauge + M(\)2 HTH = A (HTH)? + Lvukawa

e SM as an effective low energy theory [Determines thej [SM Flavor &j

+ s/ + Le/N%+ ...
/\

CSee/—\saw) FCNC, CPV]

etc...

e EW hierarchy problem suggests:

* ¢k, b—sy bounds on generic NP operators: A > 102 - 10° TeV

(Tension between these estimates of expected NP scales)




The large tan P

e The large tan B scenario: Two EW Higgs doublets (Hu , Hd) — simplest (natural)
extension of the SM Higgs sector, necessity in SUSY models.

e tan B = vu /va MFV enables to separate breaking of U(1)rq from that of SU(3)4°
° & QL(YoYoD)" (YuYuD)"? (YpYp")" Yp Dr (Hu)C,
e &QL(YoYp)™ (YuYuh)™ (YpYph)® Yy Ur(Ha)C,

e NP contributions proportional to the bottom Yukawa become important as
Ab(~ Mp tanP/vu) ~ At (operator structure DrYp YuYuTQL)

e Partial lifting of helicity suppression in the down sector (charged and neutral
Higgs exchange)



