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Aim

To avoid repetition of trivial things in (theory) talks

| will say the trivial things here once for all in this workshop (hopefully)

Success of this overview talk:

Minutes of introduction in theory talks

S5=1-

Total minutes of theory talks

e Likewise | hope to see the LHCb detector picture only once in exp. talks...
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First trivialities

e New Physics is up there (or even down here...)

The SM is not complete... etc. etc. etc.

e Rare B decays are an excellent tool to look for it
e Also interesting for QCD issues

(Can we do both things at the same time?)

So we know why this workshop is interesting
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EFT at 4 = my and b — s transitions

Radiative and Dileptonic b — s Operators
07(/) = [§0‘“VPR(L)b]FuV

- —
Oy = [s7"*Pur)bllly,f] 8 H H
OIO(/) = [§"y”‘ PL(R) b] [Z’yu%ﬁ] b S b S

Os(1y, Op(y, OT,75

Hadronic b — s Operators

01 = [vPicllev.Pub] J
Oss5) = [37"Pib] 3 [G7uPur)d] b s b
Oy = [EJ“UPR(L) Tab] G;l,

(02 4,6 ~ O1,35 with mixed color indices)

Effective Hamiltonian

4Gr
Mo = == Vil Y o+ Y o
7,7/,9,9/,10,10" 1,...,6,8¢
>S S1 >S »S >S 2
R = 8, RN = AL = s @ — L @ — i R =
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2
mj, spectrum

g*-Regions in B —» K* ¢

[ Narrow resonances |

» dominated by charged-cur.
(tree-level) op’s

physics in b — sé¢

» nonperturbative predictions
via: dispersion relations +
B — K*(cc) data

b » not sensitive to new

15 19 g% [GeV?Y]
(B — K*+)-pole open charm threshold
‘ Large Recoil (low-g?) ‘ Low Recaoil (high-g°)
» very low-g2 (s 1 GeV?) dominated by ©; » dominated by Og 1o
» low-g? ([1,6] GeV?) dominated by @g 10 » local OPE (+ HQET) = theory only for
L sufficiently large g?-integrated obs’s
» 1) QCD factorization or SCET
2) LCSR
3) non-local OPE of cc-tails (slide from C. Bobeth)
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EFT Amplitudes

,C = »CQEDJrQCD - C7 [g(,T/“/PRb] F/l/, - Cg [EA;VPLC] [(_,'”,’”PLb] + -

A 4

Cqy contribution: Ag = Co <M>\|§’YMPLb‘B>L‘u =Cy F,\(C]Z)

C7 contribution: A7 = C; (My[50,,, Prb|B) -1 = C; T»(q?)

Cy contribution: A, =C» - S—iL“/dx“e’q‘X(MA\ T{I™(x)02(0)}|B)
2 main problems:

1. Determination of Form Factors (LCSRs, LQCD, ...)

2. Computation of the hadronic contribution (SCET/QCDF, OPE, ...)
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Outline-chart of theory amplitudes

Amplitudes—l

Low-q2 - FF relations Low-q2 High-q2 Long-distance
(LCSRs) HL'gE‘E)Z (SCET@low-q2 (QCDF/SCET| | (Local OPE) qgbar: loops
( )] |HQET@high-q2) LCOPE) [HQET optional]

(where K.(q®) = —i—z/d4xeiq'XT{L7,fm(X)H(0)})
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B — K//: Form Factors

Unquenched LQCD Bouchard, Lepage, Monahan, Na, Shigemitsu '2013

3 3
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LCSRS Khodjamirian, Mannel, Pivovarov, Wang '2010

30, 30
25 25
20 20
15 15
f, fr
10 o 10
05 i 05
0% 12 15 20 ™ 05— 8 1z 15 20

B — K form factors are well known in the full kinematical regime, but still
constitute a dominant source of uncertainty in some regions.
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B — K({ : Hadronic Contributions — Low-g?

-'
-

up to unknown Power Corrections

QCD

(ﬁﬁjm Ker(q®) ~ log (4m7 — ¢*) + > (4m2
\ ] n=1,2,.

Contain Power Corrections and reproduce QCDF for hard contrlbutlons

20y e 2 e

ACs,
//I:;i i+ K[l ] Im(ACE g

10%+AC 6

Re[ACou ]
Im [ACyxiol

Re [AConi0 ]

Ta0 35 Sa0 -2s 20 -1s 1o
FGevE @7 (Gev?) ¢ (Gevh)
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B — K({ : Hadronic Contributions — Low-g?

B

ooooooo}

v

up to unknown Power Corrections

] % Kaw(a?) ~ log(4m2 — ) + 3 202

(Am2 _ 2\n
n=1,2,. (4m

Contain Power Corrections and reproduce QCDF for hard contrlbutlons

2)n

e Soft contributions reduce the BR by a few %.

e FFs are the dominant source of uncertainty below
~ 6 GeV2.

o Model-dependence is small in [1, 8] GeV?2.

6 8
4* (GeV?)
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B — Kl : Hadronic Contributions — High-g?

Local OPE for g% ~ mp : Beylich, Buchalla, Feldman'2011, Grinstein, Pirjol’2004
. q’~vm,
RH(?) ~ [ e TR} o 3 Canla)OS,
n,d
= K5 + KE(@®) + K§(@®) + O[(A/my)’]

Usual FFs < 1% < 1%
NLO ~ 10-15% NS ~ =

Duality violations: geylich, Buchalla, Feldman'2011

From a model fitted to BES data: 2% for integrated BR over high-q° region.

Non-fact. corrections: T
Seem to be large s,

figures from Lyon,Zwicky'2014
and LHCb-1307.7595 g !

LHCb - data
= — total -
nonresonant
interference
--- Tesonances |
background

Candidates /(25 MeVic?)
2

s . ey m v 3800 4000 4200 4400 4600
F/Gev iy, [MeV/c?]
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B — Kl : Summary

Form Factors are well known but still a dominant source or uncertainty.

Perturbative NLO corrections to charm-loop are important since they lift color
suppression:

» ~ —5% in the space-like region.
> ~ —10% at low-g°.
> ~ —10-15% at high-¢°.
Soft contributions reduce the BR by a few percent.
At high-g°® wide resonances are difficult to assess theoretically, but the OPE should

give an accurate determination for the integrated BR in a large high-g* bin (DV
contributions < +2% 77).

== CSR Lattice —-Data .

There is some tension betweeg = s B Kt

SM and data, at least at low-q S LHCb

= E

[remember BR ~ (Co + Cy/), so X 3 - E

it goes in the direction of de- = + Tt - E

creasing Co]. But theory corre- “g 1 E
i II m 1 1 1 1
lations are O(1)!! Z of " " " h

Plot from LHCb-1403.8044 g2 [GeV¥c?]
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B — K*(— Kn){*¢~ : Angular Distribution

d*r _ 9
K m}x dq? dcos Ok deos; dé ~ 32w

[Jls sin? Ok+Jic cos? Ox+Jos sin? Ok cos 20,
+Joc cos? Ok cos20,+J3 sin? Ok sin? 0 cos2¢p
+J4sin 20 sin 20; cos ¢+ Js5 sin 20 sin 0 cos ¢
+J6s sin? Ok cosO;+Jec cos? Ok cos b,

+J7sin 20k sin 0, sin p+Jg sin 20 sin 20, sin ¢

+Jgsin? Ok sin? 6, sin 2¢]

* Which observables do we want to have? (P,-(/) vs. §j, etc.)
* CP violation?
* Time dependence? (not for this mode)

* Polarization?? Taus?? ...
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B — K*(/ - Form Factors

1 10, 10,
08 08 08;
0§ 0§ 06
< ) T
> < <
04, 04/ 04]
02| 02 02|
0. 0.0. 00 :
2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 10 12 14 16 18 12 14 16
7 GV ¢ GV ¢ (GeV?) F(GeV) GV

also in fair agreement with Ball, Zwicky'2004

(figs from Descotes-Genon, Hurth, Matias, JV'2013)

B - K*

PV(E)
P(ib)A‘la(‘b)=

000
2(t, 12 GeV?)

10 %1 005 005 10 Ty 005

0.05 o

000
2(,12 GeV?)
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B — K*(/ - Form Factors

From BZ to BSZ: Very rare decay

> '\N\N\N\[\I\’\N\N\P

]

\

>
P N \\‘
=
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B — K*(/ - Form Factors

0.0 0.0 00

Bharucha, Straub, Zwicky'2015

Javier Virto  (U. Siegen) Theory Overview B — M£4 May 11, 2015  15/23



B — K*// : Form Factors
Low ¢ ::
e Altmannshofer, Bharucha, Straub, Zwicky:

LCSRs with K* DAs + Correlations + EOM constraint
q* dependence given by simplified z-expansion

e Descotes-Genon et al:

LCSRs with B DAs (uncorrelated) + SCET relations + Power corrections
q° dependence given by simplified z-expansion

e Jager + Camalich:

Try to rely only on HQ/LE expansion, both for g> = 0 and g?-dependence
Input: LCSRs, DSE, B — K*~, 4+ power corrections

Large ¢°
e Horgan et al: Lattice QCD

Javier Virto  (U. Siegen) Theory Overview B — M£¢ May 11, 2015  16/23



B — K*{/ : Hadronic Contributions

Similar to B — K/{¢ with some differences.
Jager,Camalich'2014

3.0
25
20
—g. 15
1.0
05
0.0
q° [GeV?) q° [GeV’]
L Altmannshofer,Straub’2015
It mimics a Cqy but... 1
o The effect is g>-depedent 0
o The effect is different for each R
helicity /transversity amplitude L
e Phases: Weak vs. Strong
-3
Would be nice to see this clearly from the data. 0 ’ 10 N
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LHCb b — s Anomalies

1. Angular observables in B — K*puu. C§ <0 v

Descotes-Genon et al'2013, Altmannshofer,Straub’2013, Horgan et al’2013,
Bobeth et al'2013, ... + others + updates

2. Branching ratios: B — Kpuu, B — K*up, B — ¢pp. C§ <0 v

Roman: "“it is not a factor of 2 in the normalisation of my form factors!!”

3. Rk = BR(B — Kpuu)/BR(B — Kee) at low-g2. C§ <0 v

Hiller,Schmaltz'2014, Gosh et al'2014, Hurth et al'2014,
Altmannshofer,Straub’'2014, ... 4+ others + updates

Note: Anomalies live mostly in the low-g?,
would be nice to have them also at high-g2...
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LHCb b — s Anomalies

branching angular LFU
ratios observables ratios

parametric
uncertainties?

hadronic
effects?

New Physics?

Javier Virto  (U. Siegen)

Vi X X

v v X
v v Y

(slide from W. Altmannshofer)
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LHCb b — s Anomalies

Rxk: null test in SM?

2

2
RBM=14+0 (m—‘;> +0 (aln%) =1+ 0(0.01)
b b

(slide from U. Haisch '2014)

A prediction could be that the effect is opposite in the large-g?
Huber, Hurth, Lunghi 2015 But it seems waaay too large anyway
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New Physics?

e “Obvious” possibility: Z’-models

Buras et al, Descotes-Genon et al, Haisch et al, Altmannshofer et al, Crivellin et al, Aristizabal et al, .... (mostly everyone)

I

L, — L; model
Altmannshofer et al'’2013
Lepton-non-universal
Causality violation

z' (“Cristal Ball" effect)

® (Scalar) Leptoq ua ks Hiller4+-Schmaltz, Shoo+Mohanta, Nardecchia et al, Hiller+Ivo,..

>

Attractive for a number of reasons

e Please fill in

e Lepton Flavor violation??

Glashow et al, Bhattacharya et al, Crivellin et al, Aristizabal et al, Hiller+Ivo, Crivellin et al ... (almost everyone)
> Glashow, Guadagnoli, Lane: “LFNU “necessarily associated” with LFV "
P Grinstein: “ Bullshit!” (More precisely: “I have a family of counterexamples™)
» If you pay attention you'll see they do not really disagree
» But most proposed models for Rk do have that feature
> Important to establish what to expect on general grounds (benchmarks, etc.)
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Conclusions

No Conclusions. Let's begin!!






