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We want to determine Vcb accurately

Q. What is Vcb? b
A. One of a CKM matrix element Vcb

| | C W
Q. Why we need to improve it?
A. There is deviation between inclusive and exclusive Vcb
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Q. How to improve Vcb vl o

A. We will fit Vcb with more accurate Form Factors (FFs) for B->D!")
recme220 1(B->D Iv)oc|Vecb X FFs|?



Form Factors in B->D,D* transition

Conventional parametrization
* CNL parametrization (Caprini, Lellouch, Neubert 1997)
-> too much simplified b
- BGL parametrization (Boyd, Grinstein, Lebed 1997)
-> too general to use for the NP analysis B

Our approach
* General Heavy Quark Effective Theory(HQET) (Jung, Straub 2018)

CD information
(D[ey"b| B)uqer = /mpmp [h+mh—(v b M

(D*|ey"~°b| B)uqer = v/mpmp- [ha, (w + 1)e* — (" - v) (ha,v* + ha,v™) ],

/

vt = plp/mp, v = pl;)(*)/mD(*)’ w=uv-v = (mj+ m2p(*> — ¢%)/(2mpmp),

Main difference: h., h_, h,,... are described by common parameters

We want to determine hy precisely.
_ L. Zoltan et al 2017
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Z expansion

] nwone
0 < z2<0.05 in B->D,D* transitions

Z is a good variable to expand around O

Depending on to which order we expand form factors in z,
we have different number of parameters to fit

Anyway we have 10-20 parameters to fit
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R(D*)

Another impact on R(D(*)) anomaly

R(D®) = ER(E=D )

BR(B->DM) ’ L=mwe
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We can also improve SM prediction for RD,RD*
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Three kinds of constraints (input of the fit)

. P 1t 2
. Lattice (6) prediction for. large q>|< |
e unstable particles (D*) are problematic

-> hard to predict FF for B->D*

* Theory (45) e prediction for small g2
e.g. QCDSR we included constraints on
LCSR higher derivative terms

Unitarity bound Experimental data from Belle

we also included data of
Angular distribution in 1809.03290
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Result1 Vcb determination

(2/1/0), (3/2/1) is different model
{ (different number of free parameters).
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16  Vebinclusive (poG) | } | 1 According to AIC (Akaike Information
/\ b . . .
i b el v (5G] | criterion), (2/1/0) is more favored
| Central value | n | g M Bordoneetal. Right handed vector int.
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Result 2 RD,RD* prediction R(®©)=202007 1=pe
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We got the smaller RD* value. -> Now 3 4o discrepancy
Even if we have new physics in b->clv transition, the anomaly remains.
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0O(1)% non zero NP contribution (C,,,C;) is still allowed
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Can we test in LHC with

high pT mono lepton search?
lguro, Takeuchi, Watanabe (on going)

[(ny”PLb) (¢, Prve) + Cv, (ey* Prb) (¢, Prvi) + Cr(co™ PLb) (ZUWPLW)]

NP in b-c(e,u)v
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Current LHC sensitivity is 0(10)%, but would be 0O(1)% in HL-LHC.

L cam:EUther improvement on S/B is on going



Conclusion

We determined FFs in B->D, D* transition more precisely
* Vcb puzzle does not disappear.
- New physics does not solve it

 We found the smaller RD*
- The current discrepancy is about 4 o

We need more experimental input from B-factory
Let’s wait for it!



Fit result comparison

Breakdown of x?(min) from 184 data points
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Fit result comparison

Ry Ry P P’ R
SM (2/1/0) 02890004 024840001 033140004 —0.49640.007 0464+ 0.003
SM(3/2/1) 02970006 02450004 0326+0.003 —0.50340.020 0460 +0.008
SM (HFLAV [40]) 0.209+0.003 0.258 % 0.005
SM (Ref.[16])  0.207£0.003 0.25040.003 0.321+0.003 —0.49640.015 0464+ 0.010
SM+V, (2/1/0)  0.28240.006 0.25640.005 033240004 —0.49940.007 0465 +0.003
SM+V, (3/2/1) 028240006 0.26640.007 0329+0.003 —0.50640.020 0464+ 0.008
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Prospects
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Akaike information criterion
The quantity to judge the model

ALC = —2InL+ 2k +2k(k+1)/(n—k — 1)

L :maximum likelihood

k :number of model parameters, 14 for (2/1/0) and 24 for (3/2/1)

N :number of data points,184

The second term gives penalty for too many model parameters

The model with smaller AIC is favored



FF scenario (3/2/1) (2/1/0)
Model SM SM+V, SM SM+V, SM+T SM+V, +T
V| x 10% | 393406 | 399405 | 397406 | 39.9+06 | 39.7+06 39.9+0.6

V,:0.02 +0.01
Cxp . 0.05 +0.01 . 0.0240.01 | [0.02 0.01]

T :0.02 + 0.01|
€W —0.93+0.10 | —0.94+0.09 | —1.10+0.04 | —1.094+0.04 | —1.09 4 0.04 | —1.09 +0.04
£@ +1.35+0.26 | +1.37+0.25 || +1.57+0.10 | +1.55+0.10 | +1.56+£0.10 | +1.54 +0.10
¢ —2.67+0.75 | —2.71 £ 0.73 - - - -

20 —0.05 4 0.02 | —0.05 = 0.02 | —0.06 +0.02 | —0.06 & 0.02 | —0.06 +0.02 |  —0.06 = 0.02
&Y +0.01 £0.02 | +0.01 £0.02 | +0.01 +0.02 | +0.01£0.02 | +0.01+0.02 |  +0.00  0.02
N —0.01+0.02 | —0.02 + 0.02 & 2 . 2

P —0.05 4 0.02 | —0.05 + 0.02 | —0.03 +0.01 | —0.04 +0.01 | —0.03+0.01 | —0.04 4 0.01
e —0.03 £ 0.03 | +0.01 £0.03 . 5 z .

n©® +0.74 £0.11 | +0.71 £0.11 || +0.38 +0.06 | +0.37 4 0.06 | +0.40+0.06 |  +0.38 % 0.06
7™ +0.05+0.03 | +0.05+0.03 | +0.08 +0.03 | +0.08 4 0.03 | +0.08+0.03 |  +0.07 +0.03
7 —0.05 4 0.05 | —0.06 £ 0.05 - - - -

& 40.09+0.18 | +0.19+0.18 || +0.50 +0.16 | +0.48 +0.16 | +0.50+0.16 |  +0.49 + 0.16
&Y +1.20 £2.09 | —0.70 + 1.92 - - - -

g —2.20+0.33 | —1.64+0.36 | —2.16+0.29 | —1.93+0.32 | -2.244+0.29 | —2.00 +0.33
&Y —3.66 + 1.56 | —2.92 + 1.55 . . . .

& —1.90+124 | —1.50 +12.6 | —1.14 +2.34 | —0.23+239 | —1.214£2.29 | —0.32+241
& +3.91+4.35 | +4.29+4.31 - . - ;

o —2.56+£0.94 | —2.22+0.94 | +0.82+0.47 | +0.97+0.48 | +0.76£0.47 |  +0.94 % 0.49
QL +1.78+£0.93 | +1.82+0.91 - - . -

F +396+1.17 | +6.31£1.32 | +1.39+0.43 | +2.034+0.59 | +1.32+£0.43 |  +1.99 % 0.59
4’ +2.10 +£1.47 | +2.29 + 1.51 g - : .

o +4.96+£5.76 | +7.15+5.87 | +0.17+1.15 | +0.9041.23 | +0.06+1.15 | +0.81 +1.24
& +5.08 £2.97 | +5.52 +3.04 - N . =

AIC 118.1 128.4 162.4 161.5 161.3 160.4
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AAIC=AIC(3/2/0)- AIC

Larger AAIC model is favored

According to AIC SM(2/10)
is better than SM(3/2/1)
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