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Talk outline

Introduction
* f./fq fragmentation fraction

Method
« QCD factorization
* Light-cone sum rules (LCSRs)

Results for BYyy = Dy{n™, K~}
* f./fq fragmentation fraction
* A new puzzle: tension with experimental data

Possible explanations of the Puzzle
» large NLP corrections
« BSM effects




Introduction



Fragmentation fraction f/fq4

fragmentation fraction f;/f,;: quantifies the relative production rate of B2 with respect to B® mesons

essential input to study B2 decays at LHC
e.g. Bd - utu~ important probes for BSM physics

branching fractions in B® and B* decays measured very precisely a B-factories
but B-factories do not produce (enough) By mesons!

determine this ratio using [Fleischer/Serra/Tuning ‘1]

fs B(B° = D™K™) epk Npyn
fa B(Bso - Dgm*) €p.r Npk

e efficiencies, N signal yield

can also be predicted using semileptonic decays ILHCD "1 arXiv:1111.2357]



Fffective Lagrangian

advantage in considering B® —» D"~ and B® » D®*K~ decays (all quark flavours different in
the final state) respect to, e.g. B® - D™+~

U

clean theoretical predictions: no weak annihilation or penguin topologies, no chirally enhanced
hard-scattering contributions

effective Lagrangian

4G .
L=——=VV, (€0 + C,0,?) q, =d,s

V2

effective operators

0,2 = (ey*P,TAb)(Gv, PL T u) 0,2 = (€y*P,b) (v, PLu)

Wilson coefficients g,-flavour universal in the SM, BSM effects may not g,-flavour universal



Naive factorization

decompose a very complicated matrix element — e.g. (DT K ~|0;|B2) — into simpler matrix
elements

naive factorization:

(D*K10,1B) = (K~ 1ja|0XD*1j,|BO) + 0(axs) + 0 (222

mp
(K™ |jo10) o< decay constant

(D*1jp|Bd) o B — D form factors F~"

qspecrator

<




QCD factorization

Aqcp
b [Beneke/Buchalla/Neubert/Sachrajda "00]

compute systematically ag corrections, neglect power corrections

for M; and M, both light

1
(MuMo10B) = ) FP7 () [ du T (0u, () + (M o M)
: 0
J

1
+ [ dedudy 1161, 0)05 (O D, ()i, (0
0
for My heavy, and M, light

1
(MuMo10B) = ) FP7 ) [ du T 0w, )
: 0
J

T;(w) computed at NNLO in ag
[Huber/Krankl/Li "16]



Our theoretical predictions

improve theoretical predictions for BY —» D~ and B® - D®*K~ branching fractions

use QCD factorization (leading power in AleD )
b
50 + .- 2 2| pBs—Ds 2 + = |2
B(By - Dym”) _ 78 |Yual fn |y (M7)] a2 (Ds ) X kin. factots
B(B® - D*K™) 1, |Vis| fé| F5~P(ME) [|an(DTK™) '

«  Wilson coefficients a; computed in Huber/Krankl/Li "16

° (*) (*)
update B = D' and By — D¢’ form factors Bordone/NG/Jung/van Dyk “19]

AQcp
mp

corrections for the first time

e estimate



Power corrections

Aqcp

use form factors in terms of the QCD fields = no corrections

me

hard-gluon between b or ¢ quarks and the light meson is included in the WC

no hard-collinear gluon between spectator quark
and the light meson (spectator is soft)

soft-gluon exchange between the E?S)D((:))J’ system

and the light meson L
we estimate this contribution
with light-cone sum rules (LCSRs)

q_vpectator




Power corrections estimation



Light-cone sum rules in a nutshell

light-cone sum rules (LCSRs) are a method to calculate hadronic matrix elements

method based on:

dispersion relation quark-hadron duality light-cone OPE

method already applied in Khodjamirian et al 2010 for nonlocal matrix
elements in B - K™

use a similar set-up

we apply this method for the first time to estimate A (Eg — DC(I*)J’L‘)‘NLP



Light-cone sum rules results

our conservative estimates

AWBG = Dil )y ~ [0.06, 0.6]%
A =D,

ABG = DL )lwe 004 0479
u‘l(gc(l)_)D;JrL_)lLP o

lower bound correspond to our central value
upper bound obtained increasing the central value by a factor of 10
motivated by the large uncertainties on 1% and 1%

corroborate the fact that By — DEI*”L‘ decays are theoretically clean



Numerical inputs and results



Form factors in HQE

expand B = D™ FFs in the limit my, . — oo

p® a 1 1 1
FB=D™(q2) = c&€(q%) + ¢, =Ci(q?) + c; —Li(q%) + cs—Li(¢*) + c,—5 L;(¢?)
T m m m

b c c

p® a 1 1 1
FBs2Ps " (g7%) = c,&5(q7) + ¢, fCi(qz) + ¢, m—L‘?(qz) + 3 ;L?(qz) + ¢, — 1i(g%)

b c meg
mclude l/mc corrections [Bordone/Jung/van Dyk 19]

all B > D™ and By » D& FFs parametrized in terms of 14 Isgur-Wise functions

qspectator

-




Form factors predictions

. : : . B,~D
constrain the Isgur-Wise functions combining e Ay
* |attice QCD (where available) | SU(3)p limit
, 194 m== Bordone 19
* light-cone sum rules for the FFs | T LCSRs

SVZ sum rules for Isgur-Wise functions

dispersive bounds

with and w/o exp data

results for all B — D® FFs and By —» D& FFs 0.2t —~—

in the whole physical phase space
[Bordone/NG/Jung/van Dyk "19]



Numerical inputs and results

quantity unit  this work ref. [2] (2016)
FE=P(ME) — 0.672£0.011 0.670 £ 0.031
ng*DS(ﬂﬁ) — 0.673 £0.011 0.700 £ 0.100
AF=PY(ME)  — 0.708 £0.038 0.654 £ 0.068
Afg*‘o? (M2)  — 0.689 £0.064 0.520 & 0.060
lar (D7) —  1L.0727H0 0150 107370013
la1(DTK™)| 10702700108 1.070T0 018
lar (D7) —  L0713%0013  1.07T1H0013
lar(D*TK7)| — 1.0687X0015  1.06910018
Ve | 107% 411405 395408
Vaud| fr MeV 127.13 £0.13 1268414
Vaus| fi MeV 35.0940.06 35.06 £ 0.15
B, ps 1.519 4 0.004 1.520 £ 0.004
B, ps  1.510 £ 0.004 1.505 £ 0.004
B(B° — DTK™) 107% 0.326 £0.015 0.30175 037
B(B” - D*TK~) 1073 0.32770037  0.25910032
B(BY — Dfz~) 1077 4424021 439713
B(B! - DY) 1072 430702 2.247020

e e improved FFs uncertainties

same results for the WC of
QCDF as in Huber/Krankl/Li

L update remaining inputs

more precise predictions

—
unc. dominated by the FFs



Comparison with measurements



Fits to the available data

source. PDG our fits (w/o QC[:qu}ev QCDF prediction e fits indicate that
scenario — no fs/fa  (fs/fa)LHCH.81 —

2 /dof - 2.5/1 3.1/5 — measurements are
B(B? - Dfnx~) | 3.004+£023 36+07  3.11+0.25 4.42 4+ 0.21 consistent

B(B° — DTK™) |0.186 £+ 0.020 0.222 +0.012 0.224 4+ 0.012 | 0.326 £ 0.015

BB —- D x~) | 252+0.13 2714+0.12 2.734+0.12 — .

B(B! - D:fn~) | 20+0.5 2.4+0.7 2.1+£0.5 4.3702 * discrepancy between
B(B® — D*FK)[0.212 £0.015 0.216 +0.014 0.216 £ 0.014 |  0.327+9:939 measurements and
B(B® = D*trn~) | 2744013 2784015 2.79 + 0.15 _ theoretical predictions:
R 16.1+£21  162+33  140+1.1 135702

RY 4 04+25  11.4+36 9.6 + 2.5 13.1%33 BY - Din~ - 40
szi 0.66 £0.16  0.66+0.16  0.66 % 0.16 0.977939 B° 5> D¥K- - 5¢g
R, __ 1.14 +0.15 09, fl(gi]s* [}9: + 0.@; 1.01 +0.11 BY » Di*n~ - 20
(fs/Ja)LECH — o.zz.j%_o_ﬂi,,g 0.260 4 o.mﬁ_) - BO 5 D" K- 34
(fs/fd)Tev — 0.2087003s * 0.243 4 0.028 —




Possible explanations

large nonfactorizable contributions of 0(15 — 20%) — excluded by our estimate
at 4.40 level (see also next slides)

experimental issue — would imply problems in several (consistent)
measurements (CLEQ, BaBar, LHCb, Belle)

shift in the inputs, larger uncertainties in Vyq, Vs, Vop — would probably violate
CKM unitarity

assuming that both theoretical and experimental results are correct — BSM
physics only explanation left (see next slides)

a combination of the effects discussed above



Fit allowing large non-fact. contr.

source our fit (w/ QCDF, no fs/fq) |QCDF prediction
scenario ratios only SUA3T —

2 /dof 4.6/6 3.7/4 —
B(B? - Dfr 3.1110 7% 3.207020 * 4.42 £0.21
B(B" - DTK™) [0.227+0.012 0.226+0.012 | 0.326 £ 0.015
B(B° - D x™) | 2.744+0.12 2.7310 13 —
B(BY = D:tn—) | 2467037 2.4319-39 437073
B(B° — D*fK~)| 021370014 (0.21370-014 0.3277 5 0aa
B(B° = D*tx™) | 276101 2.7610 15 —
R 13.6 £0.6 142700 ~ 13.5708
RYa 114747 114747 = 13.1733
R 0.8110-12 0.7670-11 0.97+9:20
Ry 0.97+0.06  0.95 =+ 0.07 1.01 £ 0.11
(fs/fa)LHEY 026170016 0.2527g 7075 * -
(fs/fd)Tev 0.24470°025 023670025 * —

Ap —0.1647) 058 —0.167 4 0.029 —

Av —0.200:9¢  _0.2070:0¢ —

A(B® - DYK™)
A(B® = DYK™)|Lp

=1+Ap

A(B2 - Din™)
ABE > Din)],

A(BY - D**K™)
A(B® - D**K~)|Lp

:1+AV

ABS - D7)
A(B) > Ds*r)|

=1+ TSVU(3) AV

with 755y € [0.9, 1.1]

consistent picture and improved
determination of f;/fy



s NP a viable option?

observe that our previous fits predict Ap = Ay

U

implies BSM contributions to €2

for the moment being, we do not consider operator
that do not contribute in the SM

we also assume that C{, and €5, have the same
shift, consistently with our fit

implies 0(20%) tree-level corrections in
b — cu(d/s) transitions not observed so far



Consistency check

* compatible with the T}, (decay width of the B, meson)

- lifetimes ratio tp_/7p, bOth predicted and measured to very high precision — main
BSM contributions cancel in the ratio

» consistent with B -» D@+~ and B? - D{Y* K~ branching fractions
also in this case measurements < predictions

BSM viable hypothesis (?)
* |guro/Kitahara arXiv:2008.01086
» Bordone/Greljo/Marzocca 2103.10332 (see Admir talk)



Conclusion and prospects



Prospects

* measure absolute branching fractions, especially for B¢ mesons

* please produce more B; mesons at Belle!

we suggest a two-staged approach to measure fs/f4

B(B® - D*K~) B(B® - D*K™) B(B - X)
B(BY - Din-) BB - X) BB?-Dirn)

for instance, X = D*x~ (larger branching fraction, cancel m syst. unc.)

B(B® - D*rt™)
B(B° - D*K-)

= 12.471942

low experimental uncertainty



Summary and conclusion 1/2

revisit theoretical predictions of the B® — D{?* 7~ and B® - DMK~ branching fractions
A(B° - DYK™) = 0.326 + 0.015
A(BY - DFn) = 442 + 0.21
A(B° -» D**K™) = 0.32713:033
A(BS - Di*n™) = 4.3403
updated values of the form factors

next-to-leading power effects included for the first time

extract f;/fq In various scenarios



Summary and conclusion 2/2

4.4¢0 discrepancy between theoretical predictions and measurements
of the BY » D?* = and B® -» D@*K~ branching fractions

four possible (unsatisfactory) explanations

1. large nonfactorizable contributions of 0(15 — 20%) — unlikely since these cays are
well understood in QCDF, and contradict our estimates (factor of 50)

2. experimental issue 0(30%) systematic shift — would invalidate most of the B meson
branching fractions measurements

3. shiftin the inputs (e.9. Vya, Vus, Vep) — would probably violate CKM unitarity

4. BSM physics effects — 0(20%) tree-level corrections in
b — cu(d/s) transitions not observed so far



Thank you!



