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Why should one look for B — K®)u transitions?

@ Powerful tools to test NP scenarios
— In particular: new right-handed interactions absent in the SM
@ Theoretically very clean
— No uncertainties from non-factorizable long-range photon exchange

Recent theory progress allows to get much better SM predictions

New measurements on B — K*)¢t¢~ allow to put strong constraints

Hopefully, these decays will be accessible within the next few years
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© SM predictions
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SM calculation

SM predictions

SM
H s X

MO, + he.
XX

+ h.c.

CM (37 PLb) (77" PLv)
In the SM only one eff. operator contributes to b — svi transitions.
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SM predictions

SM calculation

HM . CMOL 4 he

N x CM (53, PLb) (P PLy)

+ h.c.

In the SM only one eff. operator contributes to b — svi transitions.

We have to control:

@ Wilson coefficient C?M
— two-loop electroweak contributions (Brod,Gorbahn,Stamou 1009.0947)

@ hadronic form factors p(q?)
— combined fit to LCSR and lattice results (Bharucha,Straub,zwicky 1503.05534) |
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SM predictions

updated SM predictions

105d—BR(B*->K’v7) 1Ded_BR(Bo_”<.o|”7)
dq2 dqz
025 Zj:z
oo
015 0.45
0.40
i o 2
4 8 12 16 q ' 4 8 12 16 9
BR(B" — K*vi)sy = BR(B® — K*0ui)sy =
(3.98 + 0.43 £ 0.19) x 10~ (9.19 + 0.86 = 0.50) x 10~°
< 1.7 x 107° (BaBar) < 5.5 x107° (Belle)

FPM =
0.47£0.03 |
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Model independent constraints

© Model independent constraints
@ General remarks

e Correlations with B — K(*)¢T¢~ decays
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General remarks

Beyond the SM, a second eff. operator can contribute (right-handed currents!)

oL
Hesr x CLO + CROg + h.c.,

Or

X

(37, PLb) (" Prv)
(37, Prb) (7" PL1)

X
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Model independent constraints INEGEEINENERS

General remarks

Beyond the SM, a second eff. operator can contribute (right-handed currents!):

O o (3vuPLb)(#"PLv)
Hesr x CLOL + CROr + h.c., Or (§'YNPRb)(’7’7HPLV)

Reparametrize Wilson coefficients:

VICL> 4 |Cr|?
M
o —Re(CLC,’{,)
N T N TeAE
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Model independent constraints INEGEEINENERS

General remarks

Beyond the SM, a second eff. operator can contribute (right-handed currents!):

O o (3vuPLb)(#"PLv)
Hesr x CLOL + CROr + h.c., Or (§'YNPRb)(’7’7#PLV)

Reparametrize Wilson coefficients:

BR(— K)
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Model independent constraints INEGEEINENERS

General remarks

Beyond the SM, a second eff. operator can contribute (right-handed currents!):

O o (3vuPLb)(#"PLv)
Hesr x CLOL + CROr + h.c., Or (§'YNPRb)(’7’7HPLV)

Reparametrize Wilson coefficients:

BR(— K) ,

Rk = mor—oem = (1—2

VIGE +1GP K= BR R (TR
M _ BR(— K% )
R+ = oo = (1+1.34n)c
_ —Re(C.CR) K BR(— K*)SM ( 1)
n o= |CL|2—|—|CR|2 Re = Fr _ 1+ 2n
’ FPM 14134
if Rk # R~ Correlations in Rk, Rk+, R,

= new invisible particles in final

= right-handed currents!
state?
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Correlations with B — K®)¢*t¢~ decays
which a lot of exp. data exists.

Idea: Use SU(2). symmetry to connect b — sviv decays to b — s¢T¢~ decays, on
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e E S N G e
Correlations with B — K)¢+¢~ decays

Idea: Use SU(2). symmetry to connect b — sviv decays to b — s¢T¢~ decays, on
which a lot of exp. data exists.
Use most general Ggy-invariant basis of dim6-operators. (Grzadkowski et al. 1008.4884)

Hq = i(@uyuq)H DA H, QY = (@uya) (v 1)
QP = i(Guyumq)HI D 7, H., QY = (@ a) (v nal),
Q,_,d: i(dry,dr)HT D H Qur = (dryudr)(Iy"10)
Qoe = (dryudr)(Er 7" €R) Qqe = (qL7u9L)(BrY " €R) |
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Correlations with B — K)¢+¢~ decays

Idea: Use SU(2). symmetry to connect b — sviv decays to b — s¢T¢~ decays, on

which a lot of exp. data exists.
Use most general Ggy-invariant basis of dim6-operators. (Grzadkowski et al. 1008.4884)

Hq—l( 17.qL)HTD*H Qf,,l) (Gevuq) Iy L)
=i(guyuqL)H D 7. H QY = (@ a) (I raly).
= i(dr.dr)H D" H,, Qur = (dryudr)(Iy"10)
Qde = (dr7udR)(8rRY"€r) , Qqe = (qL74q1)(ErV" €R) )
Oy o (37,PLb)(t4*0)
O o« (3y.Pb) (" Pv) Oy oc (57.Prb)(y"¢)
Or o (57.Prb)(D7"PLv) O (EVMPLb)(ny“’yg,E)
Olo (57 PrD)(£7"75)
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(\LERGEEENC NSNS IET M  Correlations with B — K ote— decays

Idea: Use SU(2), symmetry to connect b — sviv decays to b — sft¢~ decays, on

which a lot of exp. data exits.

Use most general Ggy-invariant basis of dim6-operators. (Grzadkowski et al. 1008.4884)

(1) . HTDMH7 o) _ c'anL)UL’y”/L),

dryudr) (1" 1),
G7.9L)(ErY" €r)

(
(EIL'YuTaqL)UL'YHTa IL) s
(
(

Or 10 & §')’;APLb)(Z'7H75£)
\’(’)10 o EVHPRb)(Z'y“’yg)K)
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(\LERGEEENC NSNS IET M  Correlations with B — K eto— decays

So, one finds a dictionary:

C=CMidh) g,

Co = c95 + e+ 0y + T —0.0822,

Cio = Clso + qu — Efl/) (3) +cz,

~ ~
= Cdi + cz,
= Cge + Cq1 — 0.08 EIZ s

~ ~ ~/
= Cde — Cdl + Cz,

with ¢~ %( a5 )+C(3)), CIZ % CHd -
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(\LERGEEENC NSNS IET M  Correlations with B — K eto— decays

So, one finds a dictionary:

C = C (1) (3) +cz, Cr =Cq + ¢y,
Co = Cgs + qu + C(l) (3) —0.08¢z, Cé = Cde + Cqi — OOSEIZ,

~ ~ 3 ~ ~ ~
Clo:Cfo +qu—cc(’,) ()—I—Cz, C{OZCde—Cd/-i-C/Z,

with ¢~ %( a5 )+C(3)), C/Z % CHd -

o Now, use b — s¢T¢~ data to constraint the Wilson coefficients and
see how large effects in b — s can still get. (Atmannshofer Straub 1411.3161)
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(\LERGEEENC NSNS IET M  Correlations with B — K ote— decays

So, one finds a dictionary:

C =M (1) (3) + ¢z, Cr = Ca + 7,
Co = Cgs + qu + C(l) (3) —0.08¢z, C(_; = Cde + Cqi — OOSEIZ,

~ ~ 3 ~ ~ ~
Clo:Cfo + Cge — C(’,) ()—I—Cz, C{OZCde—Cd/-i-CIZ,

with ¢~ %( a5 )+C(3)), C/Z % CHd -

o Now, use b — s¢T¢~ data to constraint the Wilson coefficients and
see how large effects in b — s can still get. (Atmannshofer Straub 1411.3161)

@ Consider only certain scenarios of NP where only a subset of
operators is active.
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Two different scenarios
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(\LERGEEENC NSNS IET M  Correlations with B — K eto— decays

Two different scenarios

NP dominated by:

e Modified (flavour changing) Z-couplings [e.g. MSSM, partial
compositeness]

- KK -3+, S

Co=C5 +X+X+%{— 0.08%z, Gy =3+~ 0.08¢7,
o= K- e 3K ,
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Two different scenarios

NP dominated by:

e Modified (flavour changing) Z-couplings [e.g. MSSM, partial
compositeness]

- KK -3+, S

Co=C5 +X+X+%{— 0.08%7, Co =3+ —0.08¢7,
o= 3w =K ,

@ 4-Fermion-Operators [e.g. exchange of heavy Z’ boson]

o =cM +E(1) 7/Zé}(+>§, Cr =2y +X»
Co=CM 42+ c‘, —UBeET,  Cl = Cye + Co — ITOOZE,
! ~ ~
Cio = C10 + Cge — C ;?fﬁ'x Clo = Cde — Cdi +X, Z/

Christoph Niehoff (EXC Universe, TUM) B — K\*)u decays in the SM and beyond Vienna, July 24, 2015 12 /16



(\LERGEEENC NSNS IET M  Correlations with B — K eto— decays

25F ! ' ! ! ;
ol Current b — slt¢~ data
' favour:
sk @ Suppression of Ry if
Ry- NP mainly in modified Z
Lok couplings
@ Enhancement of R if
NP mainly in 4-Fermion
operators

blue: modified Z couplings
red: 4-Fermion operators

solid: real
dashed: complex
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(\LERGEEENC NSNS IET M  Correlations with B — K eto— decays

25F T T T T T

R+

Rk
blue: modified Z couplings
red: 4-Fermion operators

solid: real
dashed: complex

Current b — s¢t¢~ data
favour:

@ Suppression of Ry if
NP mainly in modified Z
couplings

@ Enhancement of R if
NP mainly in 4-Fermion
operators

Correlations between Rk and
Rk~ allow to disentangle both
scenarios.

Due to tensions in b — s¢T¢~.
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Conclusion

@ Rk # Rk~ problematic for

. o MFV
R o LH Z’ couplings
- e certain PC scenarios
e MSSM
o SU(2). singlet or triplet LQ

RH: v,

RH LFU: disfavoured .
Yz

@ Rk # Rk~ + enhancement:
hints to Z’ dominated NP

Z penguins

i @ Rk # Rk~ + suppression:
os ] hints to NP in Z couplings

@ large effects only for

P o B B = ° g,l) =— ((7,3) (e.g. certain LQ)
e only couplings to 7 and v,

e only LFV operators
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Rk # Rk~ problematic for

i, o MFV
R o LH Z’ couplings
- e certain PC scenarios
e MSSM
o SU(2). singlet or triplet LQ

RH:v, [

RH LFU: disfavoured .
Yz

Rk # Rk+ + enhancement:
hints to Z’ dominated NP

Z penguins 4
‘

| Rk # Rk+ + suppression:
o3 ] hints to NP in Z couplings

large effects only for

P o B B = ° g,l) =— ((7,3) (e.g. certain LQ)
e only couplings to 7 and v,

e only LFV operators

+60% LFU
+20% only p

otherwise effects max. {
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Things to take home

o Updated values for SM predictions for these decays

@ We still need a factor of ~ 5 in experimental precision
Belle2 can do this!
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Things to take home

Updated values for SM predictions for these decays

@ We still need a factor of ~ 5 in experimental precision
Belle2 can do this!

Moderate NP effects are still possible!

@ For some special cases even very large effects are still viable

Correlations between B — Kvi and B — K*vi (and also
B — K®)¢¢ and Bs — ¢0) can help to identify possible NP scenarios
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