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Outline

• Recapitulate: expt situation 
• Assess Theory: SM predictions
• Model independent collider implications
• Assuming deviation is real:
An interesting BSM origin
A minimal setup
Constraints on it
• Summary & Outlook
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Independent of 
Vcb!
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Form factors: B=>D vs B=>D*
• For B to D [0- to 0-] due to Parity,
Only vector current contributes: 2 form factor of 
which, contribution of one is prop. to lepton mass

For B to D* both vector and axial vector conribute;
Now 4 FF, again contribution of one FF is 
prop. to lepton mass

EPS 2017; 07/06/17; soni, HET-BNL 6



EPS 2017; 07/06/17; soni, HET-BNL 7



EPS 2017; 07/06/17; soni, HET-BNL 8



EPS 2017; 07/06/17; soni, HET-BNL 9



EPS 2017; 07/06/17; soni, HET-BNL 10

Hirose [BELLE]@EW 
MORIOND Mar. 2017

Belle deviations  quite mild



Concern on experiments
• Main concern reg. experiments is contamination from higher 

D**-like resonances….it is exceedingly important to measure 
these BGs as model calculations are not reliable

• B=> т ν is intimately intertwined with RD(*)
as stressed in Nandi + Patra +AS:1605.07191, but 

unfortunately for now stats are very poor
• Nevertheless recall that infact BABAR had also claimed for 

past many years weak BSM indications in B=>tau nu; BELLE 
originally said yes but later no on with more data  and 
further analysis asserted consistency with SM.

• Bearing that (slight) tension in mind, it is noteworthy that 
Belle measurements of RD and RD* persistently have found 
consistency with SM within ~1.5 σ and milder discrepancy 
with SM compared to BABAR and to LHCb
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Concerns on SM-theory
• Good news is that lattice study largely confirms pheno calculations for RD

• For B=>D* no complete lattice study so far;  4 rather than 2 FF and D* is 
unstable…..Thus, from the lattice perspective, anticipate appreciately
larger errors than for B=>D

• Therefore, O(1%) errors in RD* (and in fact smaller than in RD) are difficult 
to understand; lattice results should come in some months

• Meantime recent phenomenological study of Bernlochner, Ligeti, Papucci
and Robinson, 1703.05330 is very timely and greatly appreciated.

• For now, for RD*,  we take central value from Bernlochner et al but unlike 
them we take full spread between two cen values i.e. with the famous 
work Fajfer et al (2012)   for 1-σ error; so
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Bernlochner, Ligeti, Papucci and Robinson, 1703.05330

Fajfer, Kamenik, 
Nisandzic, PRD’12

Very timely & useful phenomenological study by BLPR 2017



Concern on Experiments
• Leptonic decays: т=> µνν…total 3 ν’s in event
• Higher D** etc resonances….use of theo models 

for subtraction of these backgrounds is fraught 
with danger…..Backgrounds should be 
measured experimentally for reliable estimate 
of errors

• Note LHCb new result june 2017: B=>D* т ν; т
=>3π+ν

• Consistent with the SM at ~1-σ=> heightens 
anxiety about D**….contaminations in т=> µνν
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Model independent implications for 
collider experiments

• In a nut-shell B-experiments seem to find 
anomalous behavior in the underlying b=>c tau nu

• This necessarily implies there should be analogous
anomaly in   g + c => b tau nu…=>pp => b tau nu

• Thus it immediately leads to inescapable search 
channels at the high energy frontier for ATLAS & 
CMS and there are urgently urged
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Implications of anomaly for colliders

EPS 2017; 07/06/17; soni, HET-BNL 18

C also M. Freytsis et al 
arXiv:1506.08896



Backgrounds and such

• Anomaly implies BSM signals in pp=> b tau nu..with tau 
=> l + nu’s

• There is SM contribution too[though suppressed by 
Vcb~0.04] but in addition there is potentially a huge 
background from W+j with about ~1% misidentification 
of light jets as b’s…At 13TeV, SM+BG (with cuts)XS=1.5pb

• signal XS for Vector (scalar) case for Λ/[1TeV]~ gNP~1 is 
about 1.1(1.8)pb @13TeV …with 300/fb may b probe to 
~ 4TeV …Moreover, distinctive kinematic distributions 
can b exploited with say ptb >100 GeV, Mbl>200 GeV to 
enhance searched for higher mediator masses. 
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EXPECT DISTINCTIVE NP CONTRIBUTIONS IN COLLIDERS



Anomaly: Possibly a hint for (natural) 
SUSY-with RPV

• ASSUMING the anomaly is REAL & HERE TO STAY
• Anomaly involves simple tree-level semi-leptonic decays
• Also b => tau   (3rd family)
• Speculate: May be related to Higgs naturalness
• Perhaps 3rd family super-partners(a lot) lighter than other 2 

gens > proton decay concerns may not be relevant=> RPV 
[“natural” SUSY as argued also in  Brust, Katz, Lawrence 
and Sundrum 1110.6670]

• Collider signals tend to get a lot harder than (usual-RPC) 
SUSY
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C also Deshpande + 
He,1608.04817



CONSTRAINTS
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constraints
• Direct searches via   =
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Indirect constraints considered due B=>т ν; π т ν; 
π(K) ν ν….

Also BC =>тν….

To a/c (within 1σ) of expt for RD(*) needs largish λ’333 ~1 – 2  range
with quite heavy sbottoms but such large couplings develop landau 
pole below GUT scale.We require couplings stay perturbative below

GUT so with λ’333 < ~1 ,  

TAKE HOME: This version of RPV is actually (surprisingly)  
well constrained

RD(*) can only be partly explained
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RPV(blue) region obtained by scanning with sbottom mass 680-1000Gev, 
0<λ333<2;|λ323|<0.1|λ313|<0.3 + all constraints

Ensured that all RPV3 couplings stay 
perturbative up to GUT

RPV3 allows
RD=(.272-.347)

RD*=(.229-.305)

HFAG  dec2016
RD=.403+-.040+-.024 
RD*=.310+-.015+-.008

LHCb 06/06/17
RD* 0.305



Summary and Outlook
• ATLAS, CMS ought to vigorously search for BSM in : b т ν and in t т 
• More independent theory effort on and off lattice for determination of SM value for 

RD* are urgently needed
• Expt BG from higher D** etc resonances a concern and should b measured
• Detection of т via modes entailing only 1 nu would be very helpful
• More info from expts on R(D), R(D*), R(π), R(ρ), analogous Bs, B-baryon, B=>т ν are 

all  urgently needed
• Also RD from LHCb as well as Belle would be helpful [since in this case theory is very 

solid]
• BELLE-II and LHCb-upgrades would of course help a lot
• RPV-SUSY effectively involving 3rd gen is economical, minimal and natural and may 

be an interesting origin of the anomaly
• => classic large missing energy hunt for SUSY not relevant for that scenario
• => many RPV signatures tend to be challenging
• => our version gives new interesting avenues in b т ν; t т …..final states
• More studies in progress (inc e,g. RK(*), Bs=>µ µ and much more): see ADS’ II
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XTRAS
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