New physics in inclusive B — X _.£v decay in light of
R(D)) measurements
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There are measurements of R(D) and R(D*) that are in tension with SM
predictions. These observables are defined as:

R D(-} =B B — D(‘}T_E' B B — D(-}E_!} % o BuBar PRLI09,101802(2012) | L
{ } { T }'f { f} =) 0.5 - ——— Belle, PRD92,072014(2015) Ay’ = 1.0 contours .
~ - LHCb, PRL115,111803(2015) . .
0.45 - — Belle, PRD94,072007(2016) — 3N Predigtions i
" F  ——— Belle, PRLI18.211801(2017) R(D)=0.300(8) HPQCD (2015) .
. LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
0.4 [ [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _]
R(D}SM = ().298 = ().00)13, Bigi and Gambino (1606.08030) - g R :
R(D*)gpr = 0.255 % 0.004. Jaiswal, Nandi, Patra (1707.09977) - ] T, 3
03 l 120 "':
0.25 F- e T—rr’ Pl
T B
- 3
0.2 | : : : P(xz)=71‘6";|’n__

R{D)erp = 0.407 £ 0.039 £ 0.024, 0.2 03 0.4 0.5 0.6
R(D)

R(D*)exp = 0.304 £ 0.013 % 0.007.

Deviation from SM predictions ~ 40, Lepton Flavor non-universality?!

Plot taken from http://www.slac.stanford.edu/xorg/hfag/semi/fpcp17/RDRDs.html
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Inclusive B decay is a possible way to explore this anomaly:

s O x

Ignore details about final hadronic states and sum over
all states containing a charm quark.

|

The rate can be expanded in terms of perturbative O(«,) and non-perturbative
Agep/my corrections.
I =%+ % + Y™ 4 higher orders

Agcp/my corrections can be calculated using OPE and HQET; the limit ms — o
gives the free quark decay and the corrections start at Ajcp/m;.
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Observables

We make predictions for the ratio of total decay rates: R(X.) = r%_(g :JJ? ;@}1
ol g

We also look at some differential observables: dI"/dq? ---dI'/dE, ---

gﬁiﬁﬁ:ﬂiﬁ --- forward-backward asymmetry 2> Ars

-
8 .

b -
B fﬂl(dﬁf‘/dqzdcos 6,) dcosb, — f_ﬂl(dﬁf/dqucosﬁh-) dcosf, /
= dr/dg? vy

Arp(q®)
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Consider the effective Hamiltonian

GrV,
Heps = i,;’ {290 = 7)b + 9287, (1 = 75)b + grEvu(1 +75)b| 79 (1 = 75)ur

+ [ﬂﬂﬁﬁ ~ QPE'fﬁb] (1 — 5 + [QTEU'“” (1-— "_r'ﬁ}b] Fou(l —vs)vr + h.r:}

GF VCb GF VCb v =
m,ms
Helicity amplitudes: Ly = L¥€,(m) H,,, = HYe.(m")
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Define the helicity amplitudes. For hadronic currents:

=P & P
Hy s=0 = Hi a0+ Hy =

Scalar, -
HY =9 = gsiX|b]|B),
Hy amg = gp{X|vsb|B),
HH'A = H;E,,A—Hi,m
Vector, Hy y = (1+g.+9g)e™(A\) (X &,b]B),
Hils = (1490 —gr) ™ (A) (Xe| #y75b | B)
TYA A A
H;Ea?v = HE;]',;} _HE,A},;?‘
Tensor, HIWE = gr ()™ (V) (Xel fiopub| B)

HIM = g ()™ (V) (Xl Fioursh | B)

e”(4) isthe polarization of the virtual intermediate boson.
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And leptonic currents: L = (70| F(1 = y5)02 |0V,

Ly = (A (1| Fyu(l — )0 |0)),
Ly, = —ie"(Ne’(X) (10| Fopu (1 — 75)vr |0)

The decay amplitude can be written in terms of helicity amplitudes as:

‘ ] N ThAy As
MYy = HYE oL+ N HYA LY+ e HY LY
A NS

where Ne=-No=-M=-N-4=1
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Model-independent analysis

Constraints on NP couplings are (from measurements of R(D), R(D*)
within 3¢ and lifetime of B, ( B(B, — v #.) < 30%) ):

Only g present

Only g, present

| ® Rp

] © Rp
m B,

Im[g;]

Relge]

Re[g;]

B(B. — r~p;} puts a strong constraint on the g, coupling.
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Model-independent analysis

Only g, present
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Im[gr]

Only g7 present
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B(B — X.77)

R Xe)sn = B(B — X.I7)

= (.221 £ 0.005,

ALEPH: B(b— X770 )0y = (243 £0.32) x 1072

World average: B(B — X6~ 0p)exp = (10.65 £ 0.16) x 107>

R(X)exp = 0.228 £ 0.030
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Model-independent analysis

Taking the couplings to be real:

R(Xd

gL Or ar

Green areas are constraints on couplings from measurements of R(D), r(D*) B, .

Phenomenology 2018 Symposium 11




Differential observables normalized to 1, =

GL[Vesl*my
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(hih, QirnL, + hip darathy) UL
(H_'Fr gp, gf..}

A U1 Leptoquark ->
9
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F=- f d*x e~*T[07(x)0(0)] 0 = e(y*(1 —ys) + g5 + gp¥s)b

The time ordered product can be written as operator product expansion

Using HQET and writing the heavy quark momentum as = pp = mpv + Kk

where the residual momentum, j-~ A

= An expansionin 1/m,. Leading order term gives the free quark decay.

The corrections appear at 1/m}i in terms of two hadronic matrix elements >
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K (B|b L
b — I v zmg

b,|B) b quark’s kinetic energy

— gGaﬁa“ﬁ
G, = (B|b
b { I v 4mg

b,|B) spin energy
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1/my corrections to NP

Some preliminary results for effects of 1/m;, on the gs and gr contributions.
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Thamk you!

Phenomenology 2018 Symposium 22




