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There are still anomalies in some semileptonic
B decays, e.g. BR(B — K¢¢), R(D(*)),(AAFB?)

Can the V_, puzzle in exclusive vs inclusive

b — ctv (¢ = e, u) be explained by NP?
[Crivellin et al. 1407.1320]

Observables in inclusive decays provide
complementary information to exclusive
decays

Measurements of inclusive B = X .£v
observables use different analysis techniques
from exclusive decays.
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4G _ 4G
B X (BintheSM o= 2=

See Gael's talk

dT(B — X £0,) < ) | (X0, | Hy|B) |” o« |V, |* L, W
X

* Successfully describes the
experimental data

v*/dof = 42.58/74: no hint of NP

_ _ T
L, Z <”ff‘fﬂ,f\0> <fo\]y,f\0> known exactly
Spins

] A\ 1
DY <XC\Jg\B> <XC\Jg|B> WH = — —[mTH
XC

* Determination of HQE matrix i
elements and V., at high precision 2mpT" = — i | d*xe™® <B | T []5(?6)”5 (0)] | B > calculable via OPE:
level (~ 1 %) “

* Based solely on an OPE, no
knowledge of the form factors is %‘i - ;

ded 1" = > +0(a)
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B — X v with New Physics

* Assuming Ayp > my, no LFV, no RH neutrinos, dim 6 operators, the Hamiltonian is:

AG _ _ _
HIP = ZFvcb [(1+CVL)[E;/”PLI9][fyﬂPva]+ Cy [er"Prbl[£y, P )+ Colec* P bl f 6, Pyl

+Cs[5b][ZPLW]+CP[57’519][2PLW]] Ver = Vep(1 + Cyp), Cx = Cx/(1+ Cy)

* This introduces new terms to compute in the hadronic tensor OPE

szTFrv — — in4X€_iqx <B ‘ [JF/(X)T]F(O)] ‘B> F, F, & {}/'MPL, }/IMPRa GIMDPLD 19 }/5}
T . ., = ‘%i% C 5@;
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B — X v with New Physics

. . . . C-C* 7% 2 3 3
Schematically, the result of the OPE looks like: |y — FbF [(...)+ ("')Z_g +('”)Za_§ + (,,,);_l; +(,,,);L§ -
. 2
dl' (B — X D) Wl as[(...)+(...)”—”+...]+
> X Z rrbrr my
dq?dE,dE, — &

* The SM only interferes with Cy: only NP that contributes linearly to dI’

. . 1
. We work with the following power counting: Ci- X &/, i +j < 2 and up to order —
1,

+ SM: O(1/m}) + O(a,/my) + O(a?), for T, : O(1/m7) + O(a,/m;) + O(a;) (See Gael's Talk)
o CVR: O(1/ mlf) + O(a,)  [Blok et al. 9307247],[Manohar et al. 9308246],[Feger et al. 1003.4022], [Kamali 1811.07393]

 Other NP: O(1/ mlf) [Grossman et al. 9403376],[Colangelo et al. 1611.07387],[Fael et al. 2208.04282]
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it setup

» Observables: E, q°, m)z( moments (1st,2nd and 3rd), I'(EZ"), and 'ty to extract V.,

» Up-to-date dataset (see Finauri et Gambino 2310.20324)

* 14 free parameters in the fit:

* BRCL”D
CX

L+ Cy,

— b
* Quark masses: m,, m.. = are'®

o HQE matrix elementSI //t]%a /4(2;9 nga ,013) For 0 freed()m ()f
mf —

» NP Wilson coefficients: ay, , ar, ap, ag, c(dy ), c(9g), ¢(0p) choice: 5. = 0

* This is the first global fit for inclusive B decays with New Physics
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it Results

xoy/d.of. =42.58/74 With agnostic New Physics

180;. BaBar
o Belle
— 170 1
% ‘e DBelle I1 ] %
Q i | 9.
3 160Fe CDF, CLEO, Delphi 1.9
= i S
/d.o.f. = 36.08/67 |
xypld.0f. = |
140 - =
“““““““““ 00 02 04 06 08 1.0 1.2

Eﬂcut [GGV]

SM compatible with the NP fit at the 0.7¢ W |
level. No preference for NP. |

H3 [GGVG]

6
_ 5 \ 5
L z .. |
S ' |
) 3 \L
(@) L 1
e = 2 | :
J 0 00 02 04 06 08 10 12 14
i Eﬁut[Gev]
.0 e
8 i ] i
Q 7 ]
N r _
< - :
— 6 < T
i Z 12
i & 1O
3% . 1.
i < Ne’
4 |
06 08 10 12 14 16




it Results

With agnostic New Physu:s

| — 68%C.L.

.=
“
P

HQE parameters and quark masses are SM-
like :

.......... 95 % C.L.

>
><l\D

|
N 0w o0 o o0 0 =
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0.
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All single NP WCs are compatible with zero

0.8

within the 68 % C.L. interval ( < 95 % foray) -

Upper bounds competitive with bounds from = FA
exclusive decays @& BT s e

Important correlation between ayand V_, os ke | o
gives the profiled V, a large uncertainty:
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Semi-Numerical Results

The predictions for each observables can be written
as a quartic polynomial in NP WC:

; 2 2 2
§ = &sm + avpc(Ovy )ELr + ay ERR + a5éss + apépp + apérT

Here we take:

() | 4.573 GeV
me(pte) 1.090 GeV
p2(ur) | 0.454 GeV?
n% (k) | 0.288 GeV?
o (uk) | 0.176 GeV?
p3 o(ug) | —0.113 GeV?

< E,> withEJ" = 1GeV

2 2
4+ aVRC(5VR) ELr2 + asarc(ds)ésT + aparc(dp)épr, Ly [107% GeV]
157.276 —1.6760w —0.3124,
Total decay rate Ssm ~0.463 a5 +0.084,
b
i 10 x I'/To Erm| —9.760 +1.114,0, +0.208,,.
[sp| 6.580 —0.461p0y —0.560q, —0.009,, /2 — 0.034, /s — 0.105,2 + 0.0034: €| —0.368 +0.606,00 —0.197
) . . pow g As
I:RR 6.080 _0-461pow _0-56()&3 €LR2 —0.247 —‘0-427pow _0-128043
{‘ LR |—4.280 +0.634 0w +0.464,,, _’ Err |—78.076 +9.286 p0w
q ]:TT 78964 _7-865p0W €SS 0184 “3-006pow
I'ss| 9.430 +0.240p0w Epp| —0.184 +0.191 50w
Fpp| 1.150 —0.1180w el | E577 | —19.519 —2.147 0,
« Flat direction » in the fit for ag ~ 3arand c(6¢) = — 1 which allow for large shifts in a¢, arand |V, |
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Single Mediator NP models

* We also investigate § single-mediator scenarios which only contribute to some of
the § WCs in the WET Hamiltonian

SMEFT
u=A~NAyp=1TeV

(Vector-like quark doublet) — {C'VR} :

Charged scalar { (H™) — {OSL7 éSR} a

[ (81) = {Cr,Cs, = —4Cr}, (1) | %
Leptoquarks l (Ry) — {é’T, C'SL = 4C'T},
(U1, V2)

U1, Vz — {C'SR} :

running and matching to WET WET
—>
u=>5GeV
(1) I I I IV V
(IT) | |y, |0.689[Cy, 3 0 0 0 0
0 —0.57([Cs, 13 + [Cs,]3) | 2.34[Cr]s | —2.18[Cr]3 | —0.57[Cs,.]3
Cp 0 0.57([Cs, 13 — [Cs,l3) | —2.34[Cr]3 | 2.18[Crl3 | —0.57[Cs,]3
(IV) | | cr 0 0.003[Cs, |3 —0.65[Crl3 | —0.63[Cr3 0
(V)
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Legend:

[ - Vector-like quark (Cy )

[l - Charged scalar (Cg, Cp)
-8, LQ(Cp, Cg = —T7Cy)
IV-R, LQ(Cp, Cg = TCh)
V-U, V, LQ(C)

NP - All WCs

68% C.L. interval
Best-fit point

« Flat direction » in the fit for

ag ~ 3arand c(og) = — 1
found at the best fit point for
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it Results
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Most distributions are non-Gaussian




1D profile likelihoods |

* 1D profile likelihoods of WCs
are non-Gaussian

» E.g ag(ay ) is compatible with
0 at the 20 level in ‘NP’ (1), ’

+ |V, |is moderately affected in
single mediator models

Only scenario I (slightly) prefers
a complex NP WC (Cy, )

. ogrom 8 ST R T T wevemme B Cieroor
i ’ —0.16 "; i 046_014 'y i 020_020 ,': i —0.11 .
l: E 6 i 207 ':' ’ 6, :1
3 " ] 7 i ) | I "
: Pl 1.5 ,‘ 1 .
I >y | L < i K o< 4 [
2? l'. i 4.~‘ o il 4 1 O: , E 4 l'
r ’ 1 r ~~., e I' i "
e, N ] ‘ . [ ‘ ] I ‘
1r $ 1 2 .\ 0.5F ,’ ] 2 e, "
: ® o' ] I ‘.‘ y e ,.' 1 ) ‘
ﬁ KX ) ] “a e N - ] ’ ®- e °
! Treme® Lo “e..0" | 0oL Ceee® 0L et
00 01 02 03 04 05 00 01 02 03 04 05 0.6 0.7 0.0 02 04 06 038 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Avg ag ap ar
loosescese ooos, 2V _ggqto0 s | p4eeeeseesy .. 10.09 | : C ar 4 ®

I ¥ 0992—1—0 8 ] _O 94_006 " “".'.'.'.J T ‘\‘ O 9]._19 : 30; 35._4 :’:
10:’ ‘* E 157 " 7 03j ‘|‘ i 25 ;. ,:
0.8 \ 5 | b : ? . w2000 '

? \ L =10 3 1 =2 0.2) ¢ D~ 0
0.6 5 : j ? < i <15 .
0.4 * “‘ * 0.5~ ". | 0.1 , Q‘ 7 1.0 7 ":

. ° 1 : s : . * 1 [ 'y ‘

0.2 j “ 7: I I.' 1 : ‘.\ : 0-5 j ‘\ 04 ‘
oo %000 00eee® ] S o 00 Te.et
—1.0 —0.5 0.0 0.5 1.0 —1.0 —0.5 0.0 0.5 1.0 —1.0 —0.5 0.0 0.5 1.0 30 32 34 36 38 40 42
cos(dyy, ) cos(dg) cos(dp) V| x 107

oo 8 eI
5 0214597 250 @00 el () ogrod | 5 4167 ¢

i i : 6F " 1

: 20* ] Lo : ]

4 : ] 5 :.
4 @ ° 4 I ' o'. | 4 E . ]
2;‘ . 1.0+ ' b ] 3; K 1

o i 3 ! ] I (] ' ]

i e N | i ' & 1 2F Y ’ ]
10 '\‘ é ] 0.5¢ e K 1 : % ," ;

: e, . ] : v ® f : e s ]
O;\\\\\\\\\‘\HH\T’.‘\"‘f””m”m; OO “““““““ ’-‘. “““““ 05“‘ \\\\\\$\~’TT,'\,\\\\““\E
0.000.050.100.150.200.25 0.30 0.35 —10 =05 00 05 10 39 40 41 42 43 44

avr cos(dvr) V| x 107
12 Scenario |



3

“705’ x 10

3.4 1

[ o P .
flavio

/

—— B — Dév

—— B > D"y |

—— B — X v

3.2
—0.2

M. Jung, D. Straub (1801.01112)

-0.1

0.0
Re CVR

0.1

0.2

Back to the Vcb puzzle

E.g. for NP in Re(Cy, )

— 68%C.L.
95 % C.L.
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Outlook

» We perform a state-of-the-art calculation of B — X £ with New Physics
» First global fit of inclusive B — X v with model-independent New Physics

* Provide new competitive constraints on New Physics in b — cZ7 transitions

* Perspectives:
* (O(a,) radiative corrections to all New Physics contributions

 Global fit including exclusive b — c¢£D decays

Thank youl
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Appendix



Hadronic Tensor Structure

* We provide a (non-trivial) minimal form for the decomposition of the hadronic
tensor, based on symmetries in the Lorentz indices and behavior under time-
reversal.

W11 =wo,
Wan v = =g wy + vHv"wy + ie“yaﬁvacjgwg + ¢" ¢ w4 + (¢"v" + v ws,
Woms gor = (00" = 0 ¢) (047 — v7d"Ywe + (9% 9™ — "7 ) wr
+ —v” (’U"gAp — ’u"g)“’) — (v7g"P — 'upg’“’)] wg
+ |0 (6797 - °9") = @9 — ") w
+

g (X8 +0°¢") — ¢ (" +v"3")

. gK,p (,UAqAa + ,anf\)\) + g)\p (,Uan\a + ,anf\ka)]wlo
4+ K _Apoa A _Kpoo O _KApQ P _KAOQ A
i [v™e Ve + v%€ vPe (w11va + w124a)
- [ Ak _Apoa AN _Kpoo 20 _KAPQ AP _KAOQ A
+1i(q"e e+ q e "€ (w13va + w144Ga)
Wi yn = gHwi7 + vHwig,
Wi pee = i(vPG° — v ¢ )wig + € *Pvadawap
Wan goo = 1(gPHv7 — g7HvP)war + (9P 4% — g7H¢P)waa + i (vP§% — v74¢°) (vFwas + GHwaa)

+ €P7 (vawas + Gawae) + €7 *Pvads (VFwar + GHwss) - (2.10)
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