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b — s transitions: rich set of measurements

o B— K*y, B—= Xsy first penguins were observed [cLEO '93, '04]

e B — K*(— Kr)tt¢=, B — Xs£T¢~ (angular observables, moments)

Bs mixing observed [cDF '06]

o CP violation in Bs mixing (compatible with small SM prediction) [po, cDF ‘09, LHCb '11]
o LHCb evidence for B(Bs — utu~) = (3.2735) x 10°

o Compatible with the SM prediction.

€ [2.8,44] x 10~ %(cpr)

B = (3.0+0.2) x 107° o
< 7.7 X 10”7 [cwms)
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o What kind of UV model can Bs — ptpu~ still hide?
o Scalar operators are the first to show up

@ Turn the anticipated enhancement in supersymmetry into a strong constraint. Bs — utpu™
can be suppressed as well.

@ Very few structures enter the prediction of B(Bs — u™u™)
Cs—Ci, Cp—Cp, Cio—Cip
Decay constant fg, known with good precision.
o Orthogonal to this, B — Ku*u~, probes,
Cs+Cs, Cp+Cp, Cuo+Cy

+ Cé').r 15- Hadronic form factor uncertainties are moderate.

o C{) could be further searched for in B — K*{+¢~

Nejc Kognik (JSI, Ljubljana) Planck '13, Bonn, 21.5.



@ Introduction
QB —
QB Kutu~

© Benchmark models
@ Scalars Cs, Cg
© Pseudoscalars Cp, C,

© Cs and Cp (SUSY)
© Leptoquarks: Cg(/) ~ Cl((/)) ~ C,(D/) ~ Cél)
° Axial vector operators Cyg, C{O

© Conclusion
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o Amplitudes are compactly represented in terms of effective Wilson coefficients
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@ SM values, NNLL [aitmanshofer '08]

C; = —0.257 Cy = 1.009 C3 = —0.005 Cq = —0.078 Cs = 0.0 Cg = 0.001

= —0304 G =—0.167
G =a21 Cf=—4103
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o Only Cl((l)) helicity suppressed

Gia 4m? m3,
rB, — ¢r¢7) = 1— —£ m 2 |ViVis|?||Cs — 1—4
( )= 6473 m2Bs mi, g, | Vi ts| [| S m ( mz/mB )
m, 2m 2
+|(cp - 22+ 22 oo - )|

@ Small hadronic uncertainties: fg, = 234 =6 MeV, [Naive avg. of ETMC, Fermilab-MILC, HPQCD results]

o Prediction with CSM, while ¢} = c{) = ¢ =0
B(Bs — ptp~) =(3.1£0.2) x 107°
LHCb bound

Bexp(Bs — ptp™) = (3:2873) x 107°
o Finite width difference effect: [Fleischer et al, ‘12]

1 Bexp 1
1+ |}/s‘ Bin 1— |}’s|

o Decay with £ = e is further suppressed in the SM. Clean test of Cs, Cp.
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B — K{T¢~ spectrum
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@ B — K form factors
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@ Dominant uncertainties come from the form factors.
o Wide range of g2 € [0, (mg — mx)?]. Opportunities for different nonperturbative techniques.

Nejc Kognik (JSI, Ljubljana) Planck '13, Bonn, 21.5.



B — K¢t ¢~ form factors
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B — K{T¢~ spectrum
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B(B — K{T0™) = (4.740.6+0.2)x10~7
B(B = Kutp™) = (4.36+0.33)x1077

o Caveat: a sum of p and e final states (assume lepton universality and work with 1)

@ Charmonium resonances are cut out.
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Scalar operators

e SM +Cs, C}

o Bs — utp~ — |Cs — C NO helicity suppression, enhanced wrt to the Standard
part

o B— Kutu~™ — |Cs + C¢|

T
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LHCb 2012, Bexp = (3.2713) x 10~° LHCb, ‘12

Bg+ i, = (4.36£0.33)1077

Shrinking errors of the form factors (blue band)
would aggravate existing 1.80 tension.
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Scalar operators

@ Both regions are ellipes in |Cs|, |C¢| plane
e Constraints strongly depend on relative phase Ag¢g
(GREY = B — Kpu"p~, BLUE = Bs — putp™)
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cancellation Cs — C{ possible

o Inclusive B — Xsut ™ is less sensitive

o No transverse asymmetry in B — K*utp~
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Scalar operators

Strong constraint |C§l)| < 0.1, unless relative phase is small
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Adg
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Pseudoscalar operators

o B = ptpu~ — |Cp — Ch+2my/mp, CHM| No helicity suppression

o B— Kutu~ — |Cp + C) — #my/mp CEM|
o Relative A¢p and absolute ¢p phase dependence
(GREY = B — Kptp=, BLUE = Bs — putp™)

#p=0°Agp=0° #p=0° Adp =90° dp=0° Adp = 180°
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Pseudoscalar operators

|CI(,')| < 0.4 for O(1) relative phase.
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Pseudoscalar and scalar

0 Bs = ptu~ — |Csl, [Cp+2my/mpgCM|
° B—)Kﬂ+u7—)|CS|, |Cp+#m[/mBCISOM|
@ Phase of Cp enters

(GREY = B — Kputp~, BLUE = Bs — putpu™)

¢p=0° ¢p=90° ¢p=180°

0. 0.6,

ICd

e MSSM prediction at large tan 3 (dominance of H® penguins
diagram with ¥ and )

Cs,Cp ~tan3 g

Nejc Kognik (JSI, Ljubljana) Planck '13, Bonn, 21.5. 16 / 26



Pseudoscalar and scalar

© Bs —» putu~ — |Cs|, |Cp+2mg/mgCiM
o B— Kutpu~ — |Cs|, |Cp+ #my/mpCHM|
@ Phase of Cp enters

(GREY = B — Kutp=, BLUE = Bs — utp™)
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the most conservative case

e MSSM prediction at large tan 3 (dominance of H® penguins
diagram with ¥ and )

Cs,Cp ~tan3 g
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Pseudoscalar and scalar

© Bs —» putu~ — |Cs|, |Cp+2mg/mgCiM
o B— Kutpu~ — |Cs|, |Cp+ #my/mpCHM|
@ Phase of Cp enters

(GREY = B — Kutp=, BLUE = Bs — utp™)
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the most conservative case

e MSSM prediction at large tan 3 (dominance of H® penguins
diagram with ¥ and )

Cs,Cp ~tan3 g

B — Kutp~ not as sensitive here J
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Leptoquarks

o Possible charges:

2/3 or 4/3
b l b ‘

o Fierz the effective operators to (5b)(Z¢).

@ Scalars make no scalars operators:

(Qer)_7/6 and (drL)_1/6 (charge 2/3)

or

(FL),I/g, and (TgeR),4/3 (charge 4/3)
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Leptoquarks

@ Vectors do make scalars:

(QL)_2/3 and (JReR)_2/3 (charge 2/3)

or
(Qe)_s/s and (d§L)_s/5  (charge 4/3)

o Finite list of states

[ spin [ (SUB)C,SUR)y | [ & | G 1l
(3,2)7/6
5=0 (3,2)1/6 ~ di C{o
(3,1)ay3
(3,3)2/3 ||
s=1 (3, 1)2 -G | G
(3,2)s - C € —Cs | C2

@ They can all be classified as:
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Leptoquarks




Axial vector operators

O10 ~ (57 PLB)(Bv*sL),  Ofg ~ (57 Prb)(Ey*s5L)

@ Cyp in the SM, C1/0 in presence of RH currents.
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Axial vector operators

@ Both regions are ellipes in |Ciol, |C{y| plane
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o Blue = Bs — ptpu~ & grey B — Kutp~ @ Dashed = B — Xs¢t0—,

blue B — Kup & Bs — pp

Presence of Cj, can be cross-checked in B — K*pt ™ transverse asymmetries J
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A word on tensors and FB asymmetry

@ We assumed NO tensor contributions to B — Ku™pu~
2 2
€

1672

Or = 25 (60" B)(lrnt)  Ors = 7= (50" b)(r,s0)
Assumption testable in

o B(B— XspuTp™)

6 GeV? dB(B — Xep ™
/ dB(B = X 17) 4o 1 50(17) x 101 + 0.59(2)(|Cr 2 + |Crs )]
1

Gev2 dg?
o Forward-backward asymmetry of B — Kutpu~
C(q* —
A = XL TR /3 ) { (CsCr + CrCrs) ¢F2()

+me [C‘g Co(ms +mx) fe(g?) + 2my (CsCr + 2Cr5C1o) fr(qz)} + 0(”?)}

Alep(g?)
03
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g 20 2 q

o Dashed — {Cs,Cp} = (1,0)
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Conclusions

@ B(Bs — uTu™) is sensitive to (pseudo)scalar operators

(3PL,rb)(4(5)L)

@ Only one hadronic parameter enters, fg,_

e B(B — K{T¢™) is sensitive to (pseudo)scalars + vector operators (+tensors)

@ With respect to Bs — ut it probes the effective Hamiltonian in the “orthogonal” direction

o Improvement in form factors calculation would make the two observables a high resolution
probe of scalar operators

o For vector operators cross check is possible with spectrum of B — Xs¢*£~ and transverse
asymmetries in B — K*utp—

Nejc Kognik (JSI, Ljubljana) Planck '13, Bonn, 21.5. 23 /26



Backup
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g3-dependent contributions to CgClcf

4 64 64 1 4 64
Y(@*) =3G+ 5 G+ - G — 5h(d*,0) (Cs + 3G +16Cs + ?@)

4 1 4 64
+ h(q?, mc) (5 G+G+6G+ 60C5) - §h(q2, mp) (7C3 + §C4 +76Cs + ?Ca)
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