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The Obivious

We observe anomalies in b — s¢¢ decays

2 options:
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The Obivious

We observe anomalies in b — s¢¢ decays

2 options:

1) anomalies are due to new physics
= want to study b — d// transitions to find out if new physics shows
up there as well

2) anomalies are not due to new physics
= want to study b — d// transitions to find out if new physics shows
up there instead

Want to identify the and, along the way,
maybe also make progress in understanding the
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b — d¢¢ Decays

Ultimately, one would like a b — d¢/¢ program that
parallels the effort for b — s¢¢ decays
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b — d¢¢ Decays

Ultimately, one would like a b — d¢/¢ program that
parallels the effort for b — s¢¢ decays
o this includes many processes:
B > putp~, BYr—atitem, B s ata i, Bs— KsltiT,

Bs — K*(— Km)tte— |, Ny — prlte™
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@ and many observables:

branching ratios, angular distributions, LFU ratios

2
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J & dg® BR(B — mu* ™)

" g™ dg? BR(B — neter)

o already existing measurements of b — d processes can be used to
probe new physics (Rusov 1911.12819)

o (after high-lumi phase, will have
~ comparable statistics for b — d as there is now for b — s)
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SM Prediction for R,

Bordone et al.
2101.11626

10" dB(B — mutp”)

@ SM predictions of the individual branching ratios require
modeling of non local effects

O in addition to the famous “charm loops” in b — s¢¢, there are also light
resonances: p, w, ¢ (Hambrock et al. 1506.07760, Khodjamirian, Rusov 1703.04765, ... )

O resonance contributions are to a very good approximation lepton universal

A, = 1.00-+0.01 (inclusive of photon radiation)
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Generic New Physics Sensitivity

4Gg,,.,, «
Hgf?qee = _72,: th thﬂ (CSWOS"” + Cfga(’)fgu + )

4—GF|V*th|i: 1 J1/(35TeV)? forg=s
va 9 an Nogee | 1/(78 TeV)? forq=d
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Generic New Physics Sensitivity

4Gg,,.,, «
Hleaf?qee __ 72F th V‘bﬂ ( ngze quee + Cfg” Ofg” i )

4GF|V*th|g: 1 J1/(35TeV)? forg=s
V2 P A2, T | 1/(78 TeV)? forg=d

o Actual new physics sensitivity depends on the experimental precision

5%
dRk/ Rk

25% )5

1
2
) s Anp ~ 70 TeV x <5R.,r/F1'7r

Anp ~ 70 TeV x (

o The generic new physics sensitivity of a R, measurement with 25%
precision is comparable to a Rx measurement with 5% precision
(assuming that the new flavor changing couplings are all O(1))
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Minimal Flavor Violation and U(2)°

o New physics models with new flavor changing couplings that are all
O(1) should have been discoverd long time ago
(remember: ¢ is sensitive to new physics at 10° TeV)

o If B anomalies are due to new physics, its flavor structure cannot be
completely generic.
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Minimal Flavor Violation and U(2)°

o New physics models with new flavor changing couplings that are all
O(1) should have been discoverd long time ago
(remember: ¢ is sensitive to new physics at 10° TeV)

o If B anomalies are due to new physics, its flavor structure cannot be
completely generic.

o Want some form of flavor protection, e.g. Minimal Flavor Violation, or
minimally broken U(2)°

o Such scenarios predict a

transitions
bdel ., bsee
C9,10 — C9,10

o Based on global b — s¢/¢ fits (e.g. WA Stangl 2103.13370), One expects
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Froggatt-Nielsen Type Models

o small fermion masses are forbidden by flavor symmetries
and arise only after spontaneous breaking of some symmetry
(Froggatt, Nielsen ’'79; ...)

o mass and mixing hierarchies given by powers of a spurion ¢ = (p)/M

(*] simplest U(1) flavor model (Leurer, Nir, Seiberg '93)

Q(g1) =3, Q(a2) =2, Q(gs3) = 0,
Q(d) = -3, Q(a2) = -2, Q(as) = -2,
Q(U1) = —3, Q(Uz) = —1, Q(Ua) =0
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Froggatt-Nielsen Type Models

Froggatt-Nielsen predictions for b — d¢/ transitions

Vi Vi
Cgﬁ%@ Q) —-Q(q)| Vs 'tb tb % Cbstt — 0(1) x « Cbstt

9,10 9,10
td tb
Vi Vi
C/bdM Q) - Q)| Lts Ttb e b Céﬁsoﬂ _ ( ) « Céb{SOM
td Vtb
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Froggatt-Nielsen Type Models

Froggatt-Nielsen predictions for b — d¢¢ transitions

Vi Vi
Cgﬁ%@ lQa)— Q)| Vfb % Cbstt — 0(1) x « Cbstt

9,10 9,10
td tb
Vi Vi
/bdu di)—Q(d tb 1 bstl / bsel
C el Q)= Q)] Zts =B A Cg,m =0(1) x C910
1

o Expect the same order of magnitude effect in R, and Rx. However,
the new physics effect in R, could have any sign/phase

o Such scenarios are typically subject to strong constraints from Kaon
physics (ek)

o AR, > ARk or AR, < ARy (or R, completely SM-like) can in
principle be accommodated (by tuning the unknown O(1) factors) but
would be

o A SM-like R, would suggest a
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An Even Cleaner Ratio?

“A ratio of ratios of branching ratios”

R f:é:x dg? BR(B — mpt ) f:;i’:* dg® BR(B — Kete™)

A ff dg? BR(B — mete™) fq%%ax dg? BR(B — Kutu~)

'min
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An Even Cleaner Ratio?

“A ratio of ratios of branching ratios”

e g BR(B — i) [% dg? BR(B — Ke'te~
— g qmin

min

% dg? BR(B - mete~) [F* dg? BR(B — Ku*yu)

o hadronic effects cancel in the ratio of muons to electrons
o QED corrections cancel (?7) in the ratio of 7 to K

o measurement of R, /R is a test of the quark flavor structure of
lepton universality violation

o departure of R, /Rk from 1 implies new sources of quark flavor
violation beyond MFV or U(2)® models
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Experimental Prospects
on B — il
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Current state

B* — n*utu~ measured with 3 fo—' LHCb (JHEP 10 (2015) 034)
o Selected O(100)events

—~ F T T T T 2! ~—~ 600 T T T T e
o 7O 19 ]
= + A C e e d
50 & - Brompty 4 semes BY L KT ]
@) o 400
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mepp) (Mev/c?) MK W) (Mev/c)

o Total BF and A

B(B* — 7futu™) = (1.83 4+ 0.24(stat) + 0.05(syst)) x 1078
Ap(BT — 75putp™) = —0.11 £0.12(stat) + 0.01(syst)
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Current state

B* — 7% utu~ measured with 3 fb—' LHCb (JHEP 10 (2015) 034)
o BF relative to B* — K*utp~

0.038 4 0.009(stat) + 0.001(syst) (1 < g? < 6 GeV?)
0.037 4 0.008(stat) + 0.001(syst) (15 < g? < 22 GeV?)

- 02413

o Differential branching fraction

*LHCb APR13 # HKRI15 @ FNAL/MILC15
T T

dB/dep (10°° GeV2cd)

? (GeVc?)
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Immediate future

B* — 7%t~ with 9 fb—' at LHCb
o Expect O(400) events
o Measure BF, A, & rel BF simulataneously in 2 GeV? bins
o Naive lumi scaling 10-15% resolution (bin dependent)
o Better method to extract H—Z) (as suggested in JHEP08(2017)112)
o Measure Arg and Fp in wide bins
o Analysis well advanced

B* — rtete with 9 fb—' at LHCb
o Expect O(20) events (assuming R, ~ 1)
o Analysis underway
o Maybe get first observation of Bt — m*ete~ and limit on R,
o Becomes more interesting with more data
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With LHCb Run 3 data

B* — 7% utpu~ at LHCb with Run 3 data
o Expect O(2000) events
o Can look at narrow bins
o Can start to think of unbinned analyses
o Fitting for Wilson coeffs

B* — r*ete~ at LHCb with Run 3 data
o Expect O(100) events
o Now in interesting territory
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With LHCb beyond Run 3 data

B* — 7*utp~ at LHCb with 300 fb—
o Expect O(17k) events
o Can repeat all the current B — Kuu analyses with the pion mode

B* — rtete~ at LHCb with 300 fb—'
o Expect O(600) events
o ~ 4% resolution of R,
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The other experiments

Belle I
o Unofficial numbers for 50 ab~"
o Expect O(150) B* — n*u*u~ events
o Expect O(150) B* — ntete™ events
o Short term competitive with LHCb for R,. esp with electron resolution

ATLAS & CMS
o Seemingly will be swamped by the kaon modes
o Without improvements hard to see contributions soon
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What to do with the data

Bt - rtutu~ vs Bt - rtete”

Moy N Mree

o Need to control shape and size of B — Kuu leakage

o Sizeis Rk

o Can constrain from dedicated Rx measurement

o Or simultaneous measurement of R, and Rk

o Conceivable to perform in bins of PID with different purities
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Questions

» Which g? bins should one use for R, ?

» Is there value in a g? integrated R,
(vetoing the resonances)?

» Are there advantages measuring R, /Rx ?
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