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B decay Anomalies

Ry anomaly :

Rp, Dp« anomalies :

Expected: Rx = 1.00£0.01

(hep-ph\0310219,
0709.4174, 1605.07633,...)

LHCb measured (2.6 o deviation):

Belle + BaBar :
ROPY/RIM =1.2940.17 (1.7 0)
RSP /RIM = 1.2840.09 (3.1 0)
(Watanabe et al.

Ry = 0.745700%5  (PRL 2014) |1212.1878, 1310.1937, ...)


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601

Effective field theory

b— slti:
o L ~ GF( tz‘/}/s)(@drwd) (E@Fwﬁ)
o I'=1,~+* ..., Lorentz invariance

@ Dimension 6 operator : G ~ 1/m¥,
@ Flavor-changing neutral-current : loop suppressed in SM

b— cltuy:
0 L ~ GpVa(altu) (Wl
o I'=1,~+* ..., Lorentz invariance

@ Dimension 6 operator : Gr ~ 1/m¥,

@ Charged-current : tree level, unsuppressed in SM
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NP inb— clty,

b— clTyy:
o Lyxp ~ GNP(Edrwu)(EEFwZ)
@ Gnp ~ 1/A%p; Scalar NP — 2HDMs
@ Rp and Rp- different = different tan §/my for each

o Type Ill 2HDM : Crivellin et al. 1206.2634
Also explains B — Tv

@ More recent model-independent fits : Jung et al. 1612.07757
Include measured differential distributions
Need scalar couplings to both left and right-handed particles
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NP in b — st~
b— sl
Lap ~ Gup(gy"(1 = 7°)ta) (7, (Co + Crov®) )

GNP ~ 1/ANP' In SM Cg —010

Fits indicate left-handed NP : O3 ~ —C}Y"
Hiller et al. : 1408.1627, Matias et al. : 1510.04239

Consistent with data from B — K®)
NP in u favored : Renner et al. 1408.4097,
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NP in b — sl

b— sl
o Lnp ~ Gup(W7" (1 — 7)) (eyu(Co + Crov®)1y)
o GNP ~ l/ANP' In SM Cg —Clo

o Fits indicate left-handed NP : CIF ~ —CT}" < 0
Hiller et al. : 1408.1627, Matias et al. : 1510.04239

@ Consistent with data from B — K®)
@ NP in p favored : Renner et al. 1408.4097,

@ Ry < 1= Lepton flavor non-universal new physics
= Lepton flavor violation Glashow et al. : 1411.0565

o Gauge basis : £NP ~ (1/A2NP)<BL/7MbL)<?L’YuTL)
Mass basis : Lxp ~ (l/AQNP)UC}‘?’iUS’jUg‘?’kUg’l(Elv“di)@i%fi)

|%; LFV predictions such as b — sut

Ry appears due to |U}?
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Simultaneous explanation of anomalies

@ Grinstein et al. 1407.7044: (in context of B decays)
Anp >> v = restore electro-weak symmetry

@ Proposal : with D.London, A.Datta, Shivasankara (1412.7164)
— SU(2)w x U(1)y invariant third-generation operators

@ Neutral current : gl(ggLyquL)(f3£%L3L)
Charged current : g2(Q3,7"0" Qs1.)(L3rv,0" Lsy)
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Simultaneous explanation of anomalies

@ Grinstein et al. 1407.7044: (in context of B decays)
Anp >> v = restore electro-weak symmetry

@ Proposal : with D.London, A.Datta, Shivasankara (1412.7164)
— SU(2)w x U(1)y invariant third-generation operators

@ Neutral current : gl(gng‘QgL}(ZgA%LgL)
Charged current : g5(Q3,7"0" Qar) (Lar 70" Laz)

@ Ry explanation similar to Glashow et al. : 1411.0565
© b— sutuT o (g1 + g2)

@ In addition, constraints from b — svv o (g1 — go)
o Prediction: R3P'/R3M = RSP /RN

@ Prediction: BR(t — c777) ~ 5 x 1078 (out of range of LHC?)
See also Hiller et al. 1408.1627
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Tree-level new physics models : Choice 1

New triplet vector boson :

@ Examples of models proposed :
Crivellin et al. 1503.03477, Isidori et al. 1506.01705,
Valencia at al. 1601.07328, ...

o L = [90(Qs:7.0"QLs) + gr(Lapyuo’ Lar)] VI
@ Integrate out heavy vector : g =0, ¢, = —9qQ9L
@ Studied with A.Datta, D.London, J.-P.Guévin, R.Watanabe (1609.09078)
o

Assume mixings between 2 - 3 generations Crivellin et al. 1506.02661
Mixing parameters : 6p (b and s); 0, (p and 1)

@ Contributions to :
b — s NP contribution o cos@p sin 0p sin? 6,
BY — BY mixing NP contribution o< cos? 8p sin? 0p;
T —3u BR o cos? 6 sin® 6,
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New vector bosons

VB model: g?l%, =g =V05

o My ~1TeV

o Orange: BY — BY mixing
(AM,)

o Cyan: 7 —3u < 1078
(Belle measurement)

@ Belle Il update will perhaps
rule out this simple scenario

Op
N

o I - =
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Tree-level new physics models : Choice 2

Leptoquarks :
@ Spin : Scalar, Vector; Isospin : Singlet, Doublet, Triplet;
Watanabe et al. 1309.0301, ...
@ Scalar Triplet :  gs,(Q50%i0%L5,)SE g1 = 395
@ Vector Singlet : gy, (Qr37,L13) UL g1 = g

o Vector Triplet : gy, (Qr37,0 Lrs)UL g1 = —3g,
Crivellin et al. 1506.02661
@ Assume same mixing patterns as in VB :
Op (b and s), 0, (p and 7)
@ Vector singlet model is still allowed. Contributions:
b — svv @ g3 = g = No contribution;
b— spp, Rpe
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Vector-singlet leptoquark

U, model: >h%,3I |2 =1

MV ~ 1 TeV
Green: 7 — u¢ bound

No B mixing or 7 — 3u at
R =102 tree level

Quite a bit of allowed param-
eter space

@ Prediction :
T(3S) = pur ~ 8 x 1077
Should be seen at Belle Il
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Interesting channels

@ Flavor-universality tests:
— B — KWt
— By — 717"
— YT(nS) = 77
— RK, RK*, RXS, RD, Rp-
@ Reconfirm using flavor-violation tests:
— B — K%y
— By = TU
— Y (nS) — 7

@ Future LHCb, Belle Il precision measurements are important
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Global fits

@ Studied with Jacky Kumar, Dinesh Kumar and others (1703.09247)

@ Observables :
— Angular observables in B — K*u*tpu~
— Differential distribution in B — Kpu*tp~
— Angular observables in B, — ¢utu~ (partial)
— B — Xputpu~, By — pp”
@ We use flavio by D. Straub
@ Agreement with model-independent scenarios :

— Cy(NP) < (Matias et al. 1510.04239)
— Co(NP) = —ClO(NP) <0
- 09( ) _CH(NP) <0

o Goal : dlstmguish models using future CPV measurements
@ Studies including recent LHC data : Altmannshofer et al. 1703.09189
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https://arxiv.org/pdf/1703.09247.pdf
https://flav-io.github.io/

Example T-odd observable (1703.09247)

05 N .o Large T-odd asymmetries
< 04f pLa®) E Hiller et al. 0805.2525
0.35— g;%?) E CP f CP
3 C708 E o asymmetry rom -
oE gz E odd phase difference be-
OE_ —LHCh , E tween SM and NP
0if 3 @ T-odd triple products:
-02F = Large for small CP-even
03 E phase difference
04f 3 N
—0.55' ! Ll ! ER A Gups Gbss Gps
0 5 10 15 20

©

¢eev? o LQ: glgt
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https://arxiv.org/pdf/1703.09247.pdf

Conclusions

@ Look for the flavor tail of new physics
@ Precision measurements are important!
@ Hopefully LHCb or Belle Il data will give us the tail

@ Combination of different channels/ anomalies are going to be im-
portant Example : Lepton non-universality + flavor violation

Thank Youl
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Back-up Slides

o = = = E DA
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Wilson coefficients in b — spuu

SM operators:

GFOé

L \/_ yp

Vs Vi (CoOy + C190q)

Oy = (57"br)(fvup) O = (Scy"be) (v, 1)
New operators:

Oy = (3rY"br)(TVu) Oly = GrY"br) (I 1)
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B — K*pup angular distribution

1 d(T+T) 9 [3
— - = (1 — Fp)sin? 0 F 20
AT TV /A dgad Bax |4t F)s e o FycosTOi
1
+ Z(l—FL)siHQHK* cos 20, — Fy cos? O~ cos 20,

+ Sy sin? O« sin? 0, cos 2¢p + Sy sin 20+ sin 26, cos ¢
. . 4 . 9
+ Sy sin 20+ sinfycos ¢ + gAFB sin” O+ cos 6,

+ S78in 20k« sin @, sin ¢ + Sy sin 20+ sin 26, sin ¢

+ Sg sin? - sin? 6, sin 2¢
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B — K*up angles
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