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Outline of Talk

@ One of the main goals in B physics experiments in to find new physics
(NP) by observing deviations from the standard model (SM) predic-
tions. Hints of deviation in B — D777, and B — D*"r .

@ Implication of these deviations in A, — A 7, decays since the under-
lying transition in both baryon and meson decays is b — ¢77 ;.
( arXiv:1502.07230 [New Physics], arXiv:1502.04864 [SM])

Parametrization of new physics and discussion on models.
Form factors and SM predictions in A, — A7

Helicity amplitudes and angular distribution with new physics operators.

Results for rates and differential distributions.
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.
Experiments

Recently, the BaBar, Belle and LHCb have reported the following
measurements :

B(é — DT D)
B(B — D+i~1)
B(B — D**r~ ;)
B(B — D*(—17)

R(D) — 0.440 4 0.058 + 0.042 |,

R(D*)

—=0.3324+0.0244+0018. (1)

Belle and LHCb

R(D) = =0.375+0.064 +0.026 ,
R(D*) = =0.293 +£0.038 £0.015,0.336 +0.027 +0.030 . (2)
Average and Theory
R(D) = =0.391+0.041+0.028 ,0.300 + 0.01,
R(D*) = =10.322+0.018 +0.011,0.252 +0.005 . (3)

j—q@ is also measured.
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fplee |
A\, Rates

Semileptonic Ay, rates are of the same size as B semileptonic Decays.
o A, = ANl 7 X is 10.7 +2.2 %, B® — X.etr =10.1+0.4 %.
o Ap— Al is 6.27775 %.

@ Hadron machines can measure A, Decays. Better measurements of
Np — Nclop and Ap — A7 with the differential distribution is desir-
able.

@ Note effects in R(D(*)) are large so effects in Ay, decays can be large
enough and go beyond form factor uncertainties.

o Measurement of R(D™*)) is larger than the SM value. Can the corre-
sponding ratio for Ay, decay be less than the SM value for some new
physics?
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ns Rares
Model independent NP analysis

o Effective Hamiltonian for b — ¢7~ - with Non-SM couplings

4G V. ) B} ) _
Nop = -2F b[(l—i—gL) (&7, PLB] [V PLv)] + gr [Ev"Prb] [N PLi]

V2
1S, [2P.b][TPv] + Sk [EPRB] [TPv] + To [0 Pyb] [/‘U,WPLV,]]

@ Droping tensor interactions

4GEV, _ - _ -
Hor = 2| (1+ &) [EvuPub] [y Pu] + g 64 Prb] (7 Puvi

+gs[2b] 111 — )] + g [r5] (71— s)w1] .
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Models of NP, See for e.g. arXiv:1506.08896

Scalar Type: Most discussed is the Two Higgs Doublet Model II:
In B — D**r~ 0. and B — D770, the relevant interaction from

charged Higgs is

cot B ePib+ b tan 8 EPRb] M7 tan 8 5, Py,
mw mw

GF m‘2/V mc
~ V __[
A Cb\/iml%l mW
T tan? /3] EPrbi, P,
m

GF m2W

~ VoW
V2 my

Only the RH quark interactions survive. This causes problems to explain

the data.

Alakabha Datta (UMiss)

w




Ay Rates |
Models of NP, Scalar- Tensor Type

Scalar and Tensor operators can be generated from scalar leptoquarks:
The interaction Lagrangian that induces contributions to the b — c/v
process is (Tanaka:2012nw)
ﬁIEQ = <g2ijL TirRy Ly + ggin 6iLiU2€jRR2> ;
L i —=c . i
Lg? = (g{JL, QiLioaly + gig, U,-CRij> S1,
After performing the Fierz transformations, one finds the general Wilson

coefficients at the leptoquark mass scale contributing to the b — c77;
process:

s, — 1 | &8k &8k
2V2GF Ve 2Mz, 2Mz, |’
o 1 8ii8ik  E38on
t V2 8M2 8M2
2v/2Gr Ve 2 2
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Ay Rates |
Models of NP, Vector Interactions

@ In effective theory framework, we can write operators invariant under
the SM gauge group.
(e-Print: arXiv:1411.0565, e-Print: arXiv:1412.7164 )

O = G(Quu Q)L Ly)
Ofp = G(Quue’ Q)(Ir"o'Ly)
These operators can come from a Z' or W’ and just modify the SM

interactions ( g1). ( See e.g. e-Print: arXiv:1506.01705)

@ Because of their structure, there are effects and constraints from other
b and t decays.

@ Prediction:

[ R(D)

(09" = 70"

R(D*)] sM (119).
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Models of NP, Vector Interactions

@ The same modification to the SM interactions also comes from triplet
leptoquarks:

£LQ = hg@u’Y“&- LjLU3u + g??éiCLI.O'Q(?' LjL§3.

@ For b — ¢t~ v with vector triplet leptoquark:

LQ h§3h§3* o _
Lee = e 10" (1 =8)b] [Fyu(l —s)v7].
Us

@ For b — c7~ v, with scalar triplet leptoquark:
23 .33%

&3 8 ~ _
£ed = S o 16 (1= 8)b] [PE(1 + 7))
S3
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» Formalism <> Decay Process

Process: Ay(pa,) = 77 (p1) + v (p2) + Ac(pa,)
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The decay and helicity angles for A, — A7 and Ap — ALy are(See
1502.04864)
Ao = Ne(—= AT)W*™ (= 07 1)

/ %
A,;_AZ_,;V}/ /.

R
T .

.

.
/ e
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ouine .
Decay Process

The process under consideration is

No(pn,) = 7 (P1) + 72(p2) + Ac(Pa.)-
In the SM the amplitude for this process is
GF Vep
M = LFH,,

where the leptonic and hadronic currents are,

= a(p)y"(1 = 5)ve, (p2),
Hy = (Ac|Evu(l —5)b[Ap) .
The hadronic current is expressed in terms of six form factors,
(Ne|Syub|Ap) = Oa (v + i00uq” + f3qu)un,,
(Acl Evpursbl [Ne) = On. (81775 + i8201,G" V5 + 83Gu75) Un,-

Here g = pp, — pa. is the momentum transfer and the form factors are
functions of g2.
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Heavy Quarks and form Factors

@ In the heavy quark limit, my, . — oo there is only one independent form
factor.

o fi=g1,h=g@=f=g6=0

@ In the "light” charm case, m, — oo and mc finite there are only two
independent form factors.

e g1 ="f, g ="fand f; =gz =f ( good at small recoil).

@ Time component helicity amplitudes are sensitive to lepton mass ef-
fects. In B — D™/, decays these helicity amplitudes and the corre-
sponding form factors cannot be measured. In the A, case, the mea-
surement of form factors from Ay, — A.I7; is enough to construct the
time component helicity amplitudes in the m, — oo but finite m¢ limit.
as these amplitudes depend on f1(g1) and f3(g3).
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When considering NP operators we will use the following relations
obtained by using the equations of motion.

2
Nleblhg) = an(fi—— 4 h—T yun,

mp — Mc¢ mp — Mc

) ) 45 775
A b\ = — — .
(Ne| Evsb |Ap) i ( e 3mb+mc)u/\b

We will define the following observable,

R — BR[Ap — NcTi7]
M T BRIA, — Al
Here ¢ represents 1 or e. We will also define the ratio of differential
distributions,
dr[Ap—=AcTi-]
2y dg?
Bn,(a7) = ANy —Aelirg] °

dq?
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ouine .
Helicity Amplitudes

The decay Ap — A7, proceeds via Ap — A W*(off-shell W) followed by
W* — 7v,. The full decay process is A, = Ac(— AsT)W*(— 7;) One
can analyze the decay in terms of helicity amplitudes (hep-ph 9406359)
which are given by

Hyng = Mu(X2)e™ (Aw), (4)

where Ao, Ay are the polarizations of the daughter baryon and the
W-boson respectively and M,, is the hadronic current for A, — A
transition. The helicity amplitudes can be expressed in terms of form
factors and the NP couplings.
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H)\/\C,AW = H>‘\//\C7>\w - H;\/\C,)\W’
v Q-

HY = (1 M; + Mo)fy — g*F
1o (+gL+gR)\/?(( 1+ M) —q 2)
HY = (14 —gr) Q (My — Ma)g1 + ¢*g>
20 V2 ’
HY, = (b g0 (R (M + M)A,
H§1 = (I+8& —8r)V2Q+ <g1 + (My — Mz)gz),
HY, = (1+g +gr) Qs (My — Mo)A + ¢°f;
it NZZ ’
HE = (e )Y (Mt Mg —des), ()
1t L—8R Nz 1 2)81 3

where Q:t = (Ml + M2)2 — .
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The scalar and pseudo-scalar helicities associated with the new physics
scalar and pseudo-scalar interactions are

H* 100 = HP 10+ H1/20,
V @+
HS = gs—Y—" ((My — Mb)fi + ¢°F:
1/2,0 gsmb_mc<( 1— M)f+q 3),
v/ Q_
H” = —gp—Y (M1 + Ma)g1 — ¢°3).
1/2,0 ngb+mc<( 1+ Ma)g: qg3)

The parity related amplitudes are,

S
H >\/\C7

P
H )\/\cy

Anp

Anp
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With the W boson momentum defining the positive z-axis for the decay
process (A, — AcT7v;), the twofold angular distribution can be written as

dl(Ap = Net7v7) GF2|Vcb|2q2|pAc|<1 m/2)2

dq?d(cos 6)) B 51273 M, > I

2 4m/
ASM M~ Asm L 0ANP | Alnt]
1 22 3 N 4
AM = 2sin? 9/(|H1/2,0|2 +|H_120*) + (1 — cos )| Hy 2 1|
+(1+ cos0))?|H_1/2, 1],
ASM = 2c05?0,(|Hyja0|* + [H_1/20]?) +sin® 0)(|H1 21 + [H_1/2.-1]?)
+2(‘Hl/2,t|2 + |H71/2,t|2) — 4 cos 9[R€[(H1/27t (H1/270)* + H71/2,t

AYP = IH o 4 [HPF Z1 a0l
APt = —cosOiRe[(Hiyp0 (H*P1/20)" + Hotp20 (HF Z120)")]

+Re[(Hy e (HF1/2.0)" + Ho12.0 (HF _1/20)")]-

0, is the angle of the lepton in the W™ rest frame.
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After integrating out cosf,,

dr(Ao = At vr) _ GE| Ve[’ a?|Pac] (1 _ ’”/2>2
dq? 19273 M, 7
|B5M + ’2";/35"” + ng';"P \3/'7;»'5'”}

where

BYM = [Hyaol® + |Hoaja0” + [Hij2a? + [Ho1p 1 2,

BSM = |Hiol* + [Ho1y201* + [Hijaa* + [Ho1j2, 1)

+3(|Haa,e + [H_126%).

BYY = |Hifaol +H ol

By = Rel(Hijae (H*"100)" + Ho1j2e (H?F_1)20))]  (8)
B1°M, Bo5M, B3NP and B4'" are the standard model non-spin-flip,

standard model spin-flio, new phvsics. and interferinii iirmi— rii' iiilvili
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The four fold angular distribution contains CP violating terms proportional
to sin y.

CM = 25in20)((1+ @ cos )| Hja0f2 + (1 — arcos )| H 120 %)
+(1 4 cos6,)*(1 — acos 95)\H_1/27_1\2 4+ (1 — cos6)*(1 + acos b

jg sin 8 sin f cosX((l + cos0)Re[Hy /20 (H-1/2,-1)"]
+(1 — cost)Re[H_1/2,0 (H1/2,1)*])
4o

_\ﬁ sin 0 sin O sin X((l +cos ;) Im[Hy 20 (H-1/2,-1)"]

—(1 —cost;)Im[H_1/20 (H1/2,1)*]>-

In the SM helicity amplitudes H; o V, and so Im(H,-Hj‘) = 0. Hence non
zero such terms indicate new physics independent of form factor
uncertainties. ( Datta and Duraisamy, JHEP 1309 (2013) 059)
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Results BaBar only

first present the constraints on the NP couplings from R(D)).

Imige]

Only gp present

Only gs present

Only gg present

Only g, present

al N 1 1.0 15 i 1.5] Ny
- . i 1.0 1.0 2N
2 S Y- > N 4 3 N
/ ~ VD / 0.5| N 0.5
-8 [ = =
o t-E 0.0 2 oo | g 00
s ST N = \ =
2 o -o0s / -05 - / -ost L
- -1.0 = -1.0 N
-1.0] sl

-6 -4 -2 o 2

Relgrl

-1.5 -1.0 -0.5 0.0 05

Relgs]

-15 N
-2.5-2.0-1.5-1.0-0.5 0.0 0.5

Relg.]

-3 -2 -1 0 1 2 3

Relgr]

Figure: The figures show the constraints on the NP couplings taken one at a time
at the 95% CL limit. When the couplings contribute to both R(D) and R(D*)
the green contour indicates constraint from R(D*) and blue from R(D).
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Results, Updated

We first present the constraints on the NP couplings from R(D()).

Only gp present

Only g, present Only gg present

Only gs present

4l T 1.0 1.5 1.5
> i N 1.0 1.0
2 S X
i 05 0.5]
= 8 ! = =
=2 o -2 0.0
E £ ‘ C R0 g o0
1 A N\, / / — - -
-2 Sl —esp 05 05
. - -1.0 -1.0
-4 -1.0 _1.5| -1.5 =
-6 -4 -2 o 2 -15 -10 -05 00 05 -2.5-2.0-1.5-1.0-0.50.0 0.5 -3 -2 -1 0 1 2 3
Re[gr] Relgs] Relg.] Relgr]

Figure: The figures show the constraints on the NP couplings taken one at a time
at the 95% CL limit. When the couplings contribute to both R(D) and R(D*)
the green contour indicates constraint from R(D*) and blue from R(D).
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Outiine - |
Results

In the following we present the results for R/\b,% and By, (q?). For the
first and third observables we use different models of the form factors

given in Table. For the differential distribution 572 we present the average
result over the form factors.

QCD sum rules(hep/ph 9903326) 1 2 3 4 Average
R/\b(SM) 0.31 1029 | 0.28 | 0.28 | 0.29 £ .02

Table: Values of Ry, in the SM

Model Gutsche, T et.al. | Woloshyn, R | Lattice, 1503.01421
R, (SM) 0.29 0.31 0.33+.01

Table: Values of Ry, in the SM
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ouriine |
Results, Vector Operators

We start with the case where only g; is present. In this case the NP has
the same structure as the SM and the SM amplitude gets modified by the
factor (1 + g1). Hence, if only gy is present then

Rn, = RRYVIL+ gl

The shape of the differential distribution jTZ is the same as the SM. If
only ggr is present then

HY o = (+er) [ ]

Hioa = (1—gr) [Hf,\c,,\w}

sm’
M

For the allowed gr couplings we find Rp, is greater than the SM value.

The shape of the differential distribution g—qrz is similar to the SM.
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ouriine |
Results, Scalar Operators

We now move to the case when only gs p are present.

Rn, = RR+|gr|>Ap + 2Re(gp)Bp,
Rn, = RRM+|gsAs + 2Re(gs)Bs.
The quantities As p and Bs p depend on masses and form factors and

they are positive. However, given the constraints on gs p we can make
Rp, only slightly less than the SM value.

The shape of the differential distribution j—‘; can be different from the SM.
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ouriine |
Max and Min deviations from SM, BaBar

NP R/\b,min R/\b,max
Only g, | 0.31, g = —0.502 + 0.909 i | 0.44, g = —0.315 — 1.0381 |
Only gg | 0.30, gr = —0.035 — 0.104 i | 0.47, gg = 0.0827 + 0.829 i
Only gs 0.28, gs = —0.0227 0.36, gs = —1.66
Only gp 0.30, gp = 0.539 0.42, gp = —5.385

Table: Minimum and Maximum values for the averaged Ra,.
For the lattice form factors,the range of allowed values is larger. Large

effects are possible, beyond the form factor uncertainties. ( Remember
Ra,=0.29 ( our model), 0.33 + 0.01( lattice).)
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ouriine |
Max and Min deviations from SM, Updated

NP R/\b,min R/\b,max
Only g1 0.32, gp = .0476 0.41, g = 0.202
Only gr | 0.30, gr = —.0453 — 0.122 / | 0.43, gr = 0.0313 — 0.707 i
Only gs 0.28, g5 = —1.22 0.34, g5 = 0.265
Only gp 0.31, gp = 0.684 0.39, gp =2.19

Table: Minimum and Maximum values for the averaged Ra,.

For the lattice form factors,the range of allowed values is larger. Large
effects are possible, beyond the form factor uncertainties. ( Remember
Ra,=0.29 ( our model), 0.33 + 0.01( lattice).)
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Outiine - |
Differential Distribution

Only g, Present Only gg Present
s ' ' I ) q ' ) L )
L sum -t ~~o 15— SM o S 1
P
e NPig=-0315-110381 N F- NP: g=0.083-1:0.829"" h
’ Prad ~ TSRS
NP: g =-1+1+1136 [—— NP: gg=-0.1637410.4662-~ >
’ 4 o
1.0+ 4 e 1

dridg?(x107"°Gev™")

°
@
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¢ (GeVY) 7(GeV?)

Only g, Present Only gr Present

12 . .
sM
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12 T

sM
NP: g=0.083-1+0.829 1

frmmmm NPig=-141.135 e ] Lo NP: gg=-0.1637+1:0.466:

08 1 osf ]
T osf ] "% o6l ]
5 q

04 1 oaf ]

02 1 o2f ]

00 00

4 6 8 10 4 6 8 10

7 (GeV?) *(GeV?)
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Only gp Present
T T

SM — sM Lt
<
1oF — == NP: gy:fl)v,96§47h2.945 ]
72

dridg?(x107"°Gev™")
dr/dgl(x10"%Gev™")

02 q
00k . . . . B
4 6 g 10
¢(GeV?) 4(GeV?)
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12 T T T T 10 T T T T
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Only gs Present
T T

Only gs Present
T T

— SM 1.

068244107952 "
=
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Outiine - |
Other Observables

We can use the other helicity angles to construct additional observables:
@ Using the leptonic angle we can define:
1 0 dr
(Jo = J2y)d cosbigrgcosg

Argp,(6°) = s
dq?

@ We can observe the 7 polarization:
drA,=—1/2]  dI[A,=1/2]
- 2

2 dq? d
P["(q7) = 1 ar 1
dq?

@ We can look at the azimuthal distribution and the A polarization

d’r@  42re
dq?dx’ dg?d cosfp’
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ConCI USions _

Conclusions and QOutlook

@ Hints of new physics in B — D**7= 7. and B — Dt r ...

@ Another mode to look for these effects are in A, — A7, decays as

the quark level transition is the same.
Large deviations from the SM are possible in Ry, = % and
drAp—AcTir]
Ba,(9?) = ﬁw. Effects are beyond form factor uncertainties.
dq2

o Additional observables including the additional helicity angles can be
constructed to probe new physics.

Azimuthal distributions can probe new sources of CP violation cleanly.

Experimental measurements of the rates and differential distribution
for Ap = Aclvy and Ap — A 7T are desirable.
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