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Effective weak Hamiltonian

N e B. p8i: standard starting point for any theoretical analysis
U Wilson coefficients g all physics above the typical scale of a process (like Hy é [ ;
perturbatively calculable & NNLL program now complete  [Gorbahn, Haisch '04; Misiak, Steinhauser '04]
U local operators ©8i: obtained after integrating out heavy d.o.f. [Buras, Buchalla, Lautenbacher '96]
‘ QC D—pengum ‘ electro- & Chromofmgﬂ (5T;c) (eI"b), i=1,2, |Cs(my)| ~ 1
(3T:b)2,(qTq), i=3,4,5,6, |Ci(my)| < 0.07
O?‘, = %S_LO"UUIJRJF“V, 1= 7, C7(mb) ~ —0.3
%§L0’”VT‘IIJRGT;V, =8, Cs(mb) ~ —0.15
Tz (817,b1) (" 51), i = 9, |Ci(mp)| ~ 4

A Amplitude of a given process:

)]

x(|oB  [Facd pt o

b u.c

b s b S b b s
\./ > ——> +§—L +§ » = ‘
/\\ q/\q\ /I/\I\ Y g <l [O:B:‘JEI
uc S )

electro- & chromo-mgn operators | VEAREA

QCD & EW penguin operators
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Hadronic matrix elements
A (W

U Exclusive vs. (semi -)inclusive modes?

|)"E'AﬁE*A“',‘AhOW to reliably and precisely evaluate it? depending on the specific modes

HQE/OPE, lattice, (QCD

sum rules) QCD factorization,
P - ~ (flavour symmetries)
(i Hadronic decays (! 1 guig|): depends on (0|0|B)

' : 3 4 (B|O|B) (M|O|B) (M M,|O|B)
spin & parity of U j and FSI introduces strong .
phases, and hence direct CPV Increasingly difficult

- : | © Lwbht it Jb/b
I 1
a difficult, multiscale,QCD & QEproblem! B o B—sDrv, B pr Direct CP asym
By — putp~ Vo | B— K¢t By — 7K,KK,...
) AMBd,B_; B — Kvo By — 7w
b AFB; BS — qub,K*OK*U

ow - Dynamical approaches based on factorization theorems: PQCD, QCDEF, SCET, - - -

[Keum, Li, Sanda, Li, Yang *00;
50 s Beneke, Buchalla, Neubert, Sachrajda, ’00;
— Bauer, Flemming, Pirjol, Stewart, 01; Beneke, Chapovsky, Diehl, Feldmann, ’02]

! g 3 . - Symmetries of QCD: Isospin, U-Spin, V-Spin, and flavour SU(3) symmetries, - - -
(DL ) (L H38 Q@)(U 5(% OQT) pr— [ Zeppenfeld, *81;

i f h ) - London, Gronau, Rosner, He, Chiang, Cheng et al. |
nge fact. approac [Bauer,Stech Wirbel 6 8] 7 _ Combination of dynamical approaches with flavor symmetries [EATL{i et al) é
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Example
A with (o]

yeamen @t hand, we can then do what we want to do

- EW interaction scale > ext. mom’ain B rest frame > QCD-bound state effects

A \l» ’:12/ : 98? g:\\[/ > mp ~ 5 GeV > AQCD ~ 1GeV
| ozt : [ ]
e 4GF " P p 10
Hest = 7 Z Vop Vs | C1Q7 + CoQ5 + Z CiQi + Cr,Qry + CgyQsg
r p=u,c i=3
electroweak WCsdue non-perp.
parameters toNP parameters
A(B° — 7r+K)>%:VCKM (sti\/' + C?TP) [ /0 du Tin(u) 4 (r & K)
—I—/l d¢ du dv T (&, u, v) ]
‘ seetalkby | | r
relatedtoexp. WCsfromSM,also perp. calculable
Br&CPV perp. calculable INQCD&QED
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Why heavy flavor physics e glrmmeg(s] g w o
| CKM | pvns I

A Main goals of dedicated exp. and theo. studies

Quark mixing: hierarchy! 1 4/6 parameters
U what underlines the  hierarchical patterns  of | cxm| d s b o|-°°°‘ T @1 2 3 ]
masses & mixings of quarks & leptons? u m e L
neV meV eV keV MeV GeV TeV [Vl = c| m " vl = 1| M L]
B LR IR I B "":'"’! oooysi Rsessoly, Batatstte, FoLataer ieaatezuse poces) M IR UL MILLLL, IMALLL IR AL IR
sl - | | i - L
: % § : | O
15 : 4 parameters _g9° Lepton mixing: anarchy?
® v, i sSUL ¢
g 2+ P E E = —
[<}] ! o . g o
© | , ; , U any new CP -violation mechanisms
v, z > ud e
1 s — | TN T beyond the KM of the SM?
PRI MR | |||mui PRI MR | ...i.u.i PRV W TT Anumi FRTRTTITY SRRy 11T ey mni PERTTIT MR | |n||ui PRI IR TTTT R
10® 10° 107 10® 10° 16™ 10° 10* 10 10" 10" 10° 10° 10" 10° 10° 10" 10 10" e : : :
Mass (eV) U any new particles/interactions that
. are sensitive to  flavor structures ?
CP category Hadronic system
K° K* A DY D* Df Af BY B* BY A)
decay 002000 2220 —— S —
mixin \md | 4 %
xing © % Q0 O Al |
decay/mixing interf. (% &

High-Energy Frontier
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Flavor anomalies

A Much progress achieved thanks to exp.

B(Bt — Ktutup™) [1.1,6.
B(B* — K*ete) (11601 o=
B(B* = Ktu) -
B(B) — ¢u*p) [1.1,6.0] -
B(B) — p*u™)
B(B() — ,u*,uf)—
PIB® — K*0u*p~) [2.5,4.0)
PI(B® - K+~ [4.0,6.0

& theor .:

1.5II\\‘II\II\I\‘\IIII\\\I‘\\\I 1.5|\|1]|1

| excluded area has CL > 0.95 T [" | excluded area has CL > 0.95

10 N 10

05 0.5

= 0.0

-0.5 N ' 4

mmmmmmm

v e 2001 ol

o v by b ey

Y T , Ry [0.1,1.1

T% i Ry [1.1,6.0

T % ] Ry [1.1,6.0

% 7 Ry [0.1,1.1

- Ry [1.1,6.0

i Rpe++ [0.045,6.0

] Rpr [0.1,6.0

| Muon g — 2 (WP)

Muon g — 2 (BMW) — .-

Electron g — 2 — -.-

R(D)

] R(D*)

3 R(J /)

] R(AS)

B(B* — ttv)
Amg— °

Am,— *

Z Ap

|
I

t

2023 '

sol. w/cos2B<0
(excl. atCL > 0.95)

-1.0 -0.5

_1-5_\I\\‘\I\\‘I\I\‘\\II‘\III'I\II
-1.0 -0.5 0.0 0.5 1.0 15 2.0

A Anomalies in heavy flavor physics
op )

- Summer 2001 i = _1_5|\||1x1

V LFU violation in"Y('O®)) S

Ve a0 (ORUEE . Te2

V deviations between 0 (60 © U

00 © %

,ando (6 © v '')?
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0.0 0.5 1.0 1.5 2.0 T T
— —-6-5-4-3-2-10 1 2 3 4 5 6

patrick koppenburg@cerr Pull in &

https://www.nikhef.nl/~pkoppenb/anomalies.ht

(M 18) (P& v T P

. 0 " p T

U Qar gl Use0p i 0% )ed0 0 (p@® pR)P

), A Main tasks : more precise measurements &

theoretical predictions; need collaboration!
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https://www.nikhef.nl/~pkoppenb/anomalies.html

Purely leptonic decays

A Have simplest hadronic structure ; all QCD dynamics encoded in I” LS (. 8 8 )E "HA

| s w p A 2 pe
/ - v 'H+ / - ’,!n

A Much progress achieved due to multi -loop techniques , EFTs, & LQCD, &
Q@ = L@ Pb)(l)

10
Zci(ﬂ-b) Qi+ Y%y uq ZC Hb Qu ()] Qo = C;;;: (a"Pub) (f“f'ﬁt%f)

i=1 th tq ;— e -
Q7 = 1672 mp (qo-‘h PRb)F,':u

A QED effects below O 4 needed to match exp. precision

(MA T [ o ) @0

Lap=1 =Nap=1

NNLO QCD correction

- W-

structure -dep. QED effects included,

I z % inner structure of B meson becomes relevant
+ | NLO EW correction For review, see P. Baand T. Feldmann, 2312.12885
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Purely leptonic decays

A QED correction: power-enhanced & helicity-suppression partially lifted . seneke, c. sobein, R. Szafron, 190807011

. ~ Oley L. 8
iA = mngqN ClO 8’)/56 + S Qng mympg fB N€(1 +’75)f T[&)wUS
F iy . only 1@ beffect due to partial
du (1 — u) CG§T(um?) [ 22 | . L B
X{ Jo du(l—u) C57(um) [ fo~ 55t 9B+() m; TN T cancellation between & U
2 . . _
g (oo d 5 mpw 27 Complete analysis on QED corrections to B, — 7' 7
o Qﬁ C7e fo ?w ¢B+ (w) [ In mm_béd N 2 In m2 + 3 ] 010067 power enhancement also observed, but no large logarithmic terms

double logarithmic enhancement due to endpoint singularity only approximately 0.04% QED corrections
Yong-Kang Huang,” Yue-Long Shen,’ Xue-Chen Zhao,” and Si-Hong Zhou®*

A Branching ratio M. Cjaza and M. Misiak,2407.03810]
Effect of lifetime difference " @ © ° ) (0HT ™M J 0BT TR X P T

decay constant of Bs and Bs-bar

fe. CKM 75 M, s MNpps other non-
parametric
\ 2024 [this paper] 1.1% 2.3% 0.5% 05% 01% 05% <0.1% 1.5% 3.2%
GQ ) Y 2 2013 [10] 4.0% 43% 1.3% 16% 01% 00% <0.1% 1.5% 6.4%
|

BR Bs—>/l o SM—TBS—mBSfB 16 2‘V,3Vrb 4 1*}’
s

Sw el . ;
V parameter uncertainties dominatedsay s
/ \ V nonparametric uncertainties mainly from
loop CKM suppression

suppression treatinga as the pole mass
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Purely leptonic decays

A QED correction to || O Jbhgecays [c. cornella,M. Kénig,M. Neubert2212.14430; seetalkby ~ #iA 0on10.27 ]

» QED effects are well under control for u > my, as well as for u < Agep:

A Factorization formula:  "E'AR 1} "AJAC 1 AfA;

» all short distance ( 4 > my;, ) QED effects can be included in the weak effective

; virtual
Lagrangian b p Ay = N EH S K+ Bl s ok,
4G Je— i J
Log = ——ﬁF Kpw (1) Vi (ay" Ppb) (€7, Prue) SCET-1 operators with soft SCET-1 operators with hc
u / spectator (A-type) spectator (B-type)

» photons with E < Agcp cannot resolve the hadron structure and can be

computed treating the B as point-like. » hard function: matching corrections at g ~ my,

: : : : 12
. . . . > - . ~
» Things are more complicated for Agcp < p < my,: very active research topic. hard-collinear function: matching corrections at y (mbAQCD)

» collinear function: leptonic matrix elements, u ~ m,

QED factorization theoremsjavailable only for a few processes:

3 _ H F : . .
« B, - utu~ [Beneke, Bobeth, Szafron, 1708.09152,1908.07011] soft (& soft-collinear®) function: HQET B meson matrix elements
« B - nK,B — Dn [Beneke, Boer et al 2008.10615,2107.03819)] Ayirtual _ ,%KW(“M,J g () @(pe) Pro(py)
my

. BS — ,u+,u_]f [Beneke, Bobeth, Wang 2008.12494]

1
taken from talks by C. Cornella [HA (rmp)Sa +/d'ua dx HB('mb Jg(mbwﬁ (W)] w=n-p,
P 0
A New features with QED effect:
» Hard and jet function share a variable x = collinear

l U ﬁ un | Noewres .4 | (‘) ‘ momentum fraction carried by the spectator

—1-€

b

v Hp ~x7¢Jp ~x
1

= Hp®Jg ~ J dx x~! has an endpoint divergence in x = 0!
0

becomeorocessdependent

U sensitive td2- and3-particle | | | | |
» _This cannot be removed with BG techniques, but is systematically treatable with
LC DAS Of B meson refactorization-based subtraction (RBS) scheme

[Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020;
Beneke et al. 2022; Liu, Neubert, Schnubel, Wang 2022]
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Lifetime of b -hadrons

A Lifetime basedon HQEin 71O | . Albrecht,
F. Bernlochner, A. Lenz, A. Rusoy, 2402.04224]

_ 1 Z /(zﬂ)45(4)(p5 — px) (X (px)|Hert|B(ps)) 2
B X ps

=Y (B(os)| / d*x T {Hesr(x), He (0)} |B(ps))

2m3

Optical
Theorem

A status of SD coefficients:

Semi-leptonic Non-leptonic

LO NLO | N2LO | N3LO LO NLO | N2LO
3 v v v v v v
s v v v g
e v v v'e
r; v &
Mg v
Fs v v & v &
F v & v

© [Lenz, Piscopo, AR, 2004.09527], [Mannel, Moreno, Pivovarov, 2004.09485]

* [Fael, Schénwald, Steinhauser, 2011.13654] ° [Mannel, Moreno, Pivovarov, 2304.08964 (for m. = 0)]

v - known - partly known - in progress or planned [Karlsruhe, Siegen]

2024/10/26 A A

S

+

Tz two-quark
i contribution

AN

/N

O3 6
O Op = (O) = (O
r(B) = F3—|—|'5< g>+r5< >—I—...-|-167T2 [F6—< g> + |'7< Z> + ...
mj mp mp,
(Qs)B, | 1993/96 QCD sum rule [234,235]
2013-2023 | Fit of inclusive data [_) 36—241]
2017/18 | Lattice QCD [242,243]
‘ (Qs)B | 2011 | Spectroscopy relations [244] ‘
A status Of ‘ (Qs)5 | 2023 | Spectroscopy relations [34] ‘
(Qe)B, | 1994/2022 | EOM relation [31,245]
hadronic 2013-2023 | Fit of inclusive data [236-241]
(Qe)p, | 1994/2022 | EOM relation [31,245]
matrlx 2011 Sum rule [244]
| (Qe)s | 2023 | EOM relation [34] |
elements: - —
| (Q6)p, | 2017 | HQET sum rule [24¢] |
‘ <Q6>B | 2022 | HQET sum rule [247] ‘
‘ <Q6>Ab | 1996 | QCD sum rule [248] ‘
| (Qe)ss | 2023 | NRCQM [34] |
| (@) | | viA |
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Lifetime of b -hadrons

A EXp. data & SM predictions: [J. Albrecht, F. Bernlochner A. Lenz, A. Rusoy 2402.04224]
mm Experiment 0 .
F(B+) . L HQE Scenario A F(Ab)
mm HQE Scenario B P(:O) e
F(Bd) o 2 b
(B.) P(‘:b) = .
I'(B PR 3 R B Experimen
’ I'(€,) : HQE
05 05 06 065 07 075 080 08 0.5 055 06 065 07 075 08 085 0.9
[ps_l] [ps—l]
-(B°) _ r(A9)/7(BJ) - == Experiment
T Bd ¢ —
(B2 ~(Z9)/7(Ba) —
(B, B Experiment - .
e HOF Sconario A (%,)/7(B)
e HQE Scenario B T(E%)/T(Eb_) —_—
0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12

0.88 0.92 0.96 1.00 1.04 1.08 1.12 1.16 1.20 1.24

U excellent agreement between theory & data b -
J y U HQE also works foc-hadronlifetimes

U no indication of sizeablguarkhadron duality violation [H. Y. Cheng, C. W. Liu, 2305.00665]
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Neutral

A For || ,meson: flavoreigenstates

B-meson mixings

masseigenstates t

mixwitheachotherviaboxdiagrams

4 ’ d wW- b
A Time evolution of a a (|B(t)>) ) (M_if) (|B(t)>) Bo_._‘:\/\/\,—>—Eu N
i i dt \|B(t)) 2" J\|B(@)) NV B S i
decaying particle _ (\{v\/\' a L

A Three observables for B mixings

B Mass difference: AM := My — My, ~ 2|M;s| (off-shell)
|M2| : heavy internal particles: t, SUSY, ...

B Decay rate difference: AI' :=I';, — I';; =~ 2|T'15| cos ¢ (on-shell)
IT'12| : light internal particles: u, ¢, ... (almost) no NPl

B Flavor specific/semi-leptonic CP asymmetries: €.9. B, — X{v (semi-leptonic)

“short-distance”
(=virtual particle exchange)

“long-distance”
(=real particle exchange)

2

S
1272 (

t 1-loop calculation Sy (z; = mj /My,)

- | 7/

M, Vi) M3, So(x) Bp, f3, Mg,

T 2-loop perturbative QCD corrections 7jp

8 bt 1 _
f §Bqu§qMBq = <Bq\(bQ)V—A(bQ)V—A|Bq>

[5) ra . AN 0) Qs (1
= ap— L(By(t) = f) =T(By(t) = f) _ ‘ L12 | sin g Ty = (E) (rf’+ 221’ +...)  HQE
L(Bq(t) = f) + I'(By(t) = f) Mz . .
\ _ _ +<‘A) (I‘_[f”Jr...)Jr(A) (F;[]J+...)A...
v 4 dispersive (oftshell) part of the box diagram e e
-y absorptive (onshell) part of the box diagram U deepening our understanding of QCD
v Fe]d 7 : relative phase between them| U indirect searches for BSM effects
2024/10/26 AA Theoretical review of heavy flavor physics 13




Neutral B-meson mixings

A Status of theo. predictions & exp. data  [J. Albrecht, F. Bernlochner A. Lenz, A. Rusoy, 2402.04224]

AM; (IB.0.038L )P O AM,; (P 4p8:6I08 IO
' : AMM SAMEM
(M@ ¢ v TBI P)B O o5 (PX& @ v TBIT 9B O 4 =1.056+£0.042, — L ~11,
o/ /B | AMEP SAME
Ve V., ANSM SAMSM
v . S —1.026+0.036, ——2— =~ 105,
other AJ\/['S P 5AA[5 P

V theory can reproduce data, buttheo.

ATy (Baed)ip DO "l AL (UBeg®tp DO B, » x
g ot 3 Zd W& T@)tp DO By, errors much larger than exp. ones
Ry I3 r el c -
————‘
| fon/BE | 1o BT V main uncertainties still dominated by
/ m Bj . = By non-pert. bag parameters
Vv, - .Vcb
my sater \/ 4+ 3 2nd-order weak interaction
W other
§ (Ui w o (hem)ipm processand thusvery sensitiveto NP
o pxipm "% (¢ cPipm .

; . 1 | 50
» A Generic parametrization of <BS\H£&1 \Bq>

- Cp e¥%5 —
Hy m B, . : o B, 0|SM| B0
.st - NP contribution to B mixings: <Bq\%eff \Bq>

W other m other
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NP constraints from neutral B mixings

A Exp. observables are related to the

SM and NP parameters: AM,™ = Cp,AMZ™, sin 267 = Sin(zﬁsM +2¢3,)

AMEP — O AMSM ’ exp __ SM
A Latest fit results by ~ UTfit group: i — ¢ = (B — ¢5.)

15

' 20

5 f S 5 oof
| —} L L — N : — 80 X
e o e um
< 10-_ summer23 = r summer23 _e_m 60:— summer23
: NP fit 10 NP fit 402_ NP fit
5 C r
C 5S¢ 20
of e oF 4
E _5:_ -20 A, = (1+ A" o2i(&)" 45 ))ASMezchF}“
_5 C A‘iI q
E _105_ -40 '
_10F Cp, |1.09+0.09 : Cp, |1.10+0.06 60 b M lessthan
i 65,7 | —1.8+ 1.9 “55“ é5.[°] | —0.1+0.5 e 20(25)% @ 68(95)% prob.
1 L ] L | L R T L L _20_| TN SN T N SN WU N TN AN TN T TN TR SN T O T 1 L L I | 1 1 I | I L 1
8.5 1 1.5 2 0 0.5 1 1.5 2 0 0.2 0.4 0.6
NP/ A SM
Cs, Gy, ANP/AS
Ll consistency between data & SM of B mixing observables puts stringent constraint on NP
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NP constraints from neutral B mixings

A Very high scales probed by neutral meson mixings:

HAP2 = Y5 cioM Y2 Ci6) Oy = Bk with F; ~ L; ~ 1 E ;ﬁ

0y = (8.Le ) (FnLe?), 0= (¥'1a°) (L), = (b°L¢%) (¥'Lae)

o= (Fr)Fre) - (51 ()

- [ | B, System (Scenario I) contours hold 39%, 87% CL |

" [=_] B, System (Scenario I) Hybrid R, & [V,,| fom K13 7 4 : \ :
0.4 o) FUNP (Seemario 1) gyci g & incl. gy - A Flavor universal NP scenario  : assuming NP couples
0 33_ [R. Fleischer et al, 2208.14910] - predominantly to 3rdgeneration quarks and leptons, and
02:_" mitod , , (0co)l can be easily realized in NP models witb(2)° symmetry
o1k m | | | Il h Y 3 s

:"I\.: — 5 --J”l___.’”'--.____‘_ e 5 ___',_-:'--"_ d 4 F] Amq = Amq‘SMll 4 K:qeio'ql’

) 0 0 o® A

c[’] b, = oM+ O = ¢M + arg (1 + kgei).
A Analysis with dim -8 SMEFT operators:

these 'O ¢ processes probe uptens ofTeV, far beyond
[Y. Liao, X. D. Ma and H. L. Wang, 2409.10305] | the sensitivity of other dir8 operators to collider searches!
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Example

A B-mesogenesis mechanism:

[G. Elor, M. Escudero, and A. Nelson, 1810.00880; 2101.02706]

~
Out of equilibrium
late time decay

b

b

TR ~ 15MeV
.

CP violating oscillations
000
o900

d s
ASL ASL

~

A Possible of the mechanism?

axcolor-triplet scalar
[ ddark-sector antibaryon

—>

B-mesons decay into Baryogenesis Dark Matter

Dark Matter and hadrons and
— - 2 _
Dark Matter Yp =87x10 H Qpmh” = 0.12
/' (anti-Baryon) Br(B — i + B+ M) A
e With: [YB ~ 8.7 % 107! s > ag i )
\ e Baryon
) pt OANOEGBGADOUT CAI
Br(B—¢+B+M) y

[C. Miro, M. Escudero, and M. Nebot 2410.13936]

(b;
W) B, Bq u,c,ty
v _

0 (|Tpn(—

VVVVW\,

)

AL ()| < 1074 o

fine tuning the maximum values of thesemileptonicasymmetries in

the minimal realization of the B-mesogenesimechanismneeded!
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Semi -leptonic B decays £ 041
e ; HFLAV \‘,‘ 0 ontours :
(a4 -\l Moriond 2024 _| Belle® BaBar _
i . . 035 JHCb —
A 4 @ anomalies : first observed by BaBar in :&M o :
1 : o . L |Belle® | 7
2012; currently still having ~3.31 u deviation = m
6160 O®¢ 02sE- LHCY S
L -
316 ° O®a C e L
02—  4HFLAV SM Prediction R(D) =0.342 +0.026,,, —
B R(D) =0298 +0.004 R(D*)=0.287 £0.012_, ~
B R(D¥) =0.254 +0.005 s 49 .
c I B S TP el PP«
0.2 03 04 0.5
J R(D)

Rp

A Model -indep . resultfor 4 .4 1 & R

= 1+ CF + CF|* +a’|CE + CT | + ap" |CF|?

+ay®Re [(1+C¥ + CI) (CT* +CEM) ] +ap"Re [(1+ CF + CF) CF7]

4 “H RV T T T T T
gon = L+ CY P+ OV + ap|CS — CFL I + 0y |CT [
1%
4 +af"Re [(1+ CF) CF] + af*Re [(1+ CF, - CF) (5" = CF;)]
Heff = 2\/§GFVC{_-, |:(1 + CVL)OVL + CVROVR + CSLOSL + CSROSR + CTOT:| + a“;LTRe [(1 + C\%’Z) C%T*:l + a"if/'RTRe I:C;]'/’;qu;‘r*] ’
with R
H T T T T T T T
gsv = 11+ COP+I|CE P +aif [ICT P+ |CL ] +alf ICF* +aff " Re [(1+ CF ) CT*]
Oy, = (ey*Prb)(7v,Prv,) Ov.. = (ey"Prb) (v, PLv;), a
= N7y Proe) Ve = (&7 Prb) (T Prs) + a5 Re[(1+CY) CT* + CT O] +a¥ Re [(1+ CF ) CF* + 0¥ 0T
OSL = (EPLb) (?PLVT) , OSR = (EPRIJ)(TPLVT), L L ROCR L R Aok
5.8 T AT T T T YT *
Or = (co™ PLb) (70, Pvy) + a3 Re [CE CE] + aif " Re [(14 CF) CT] + af " Re [CTLCT] .
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Sum rule for {0 ==

A Sumrule for 4 .4 ¢ &49(

sector

| >e° a7 »a0 ahy:

o

2 Ap

Ryg , Rp Ry G ), PRGNS MNGE O, “coME: SO thatle): 5 (GuaSmall
=b +c +0u(Ci)
R?{M R%M 1,5;1\/[1\/1
=) model-indep. & holds for any tau-philic NP!
A State -of -the -art prediction:  [Duan, Iguro , Li, Watanabe, Yang, to appear soon]
16f KL ' ‘ Lattice LCSR Lattice + LCSR
p o mereien SV Tewor | SM_ Tewor | SM U important to properly consider the
I B—D | Refs. [85.86) nodata | Ref. [00,91] Ref [90] | Ref. [91] ¢
SS - B — D* | Refs. [87 89] no data® | Ref. (90,91 Ref. [90] | Ref. [91] ) Correlatlons among FF parameters
EN \p = A Ref. [80] Ret. [92] no data no data 7
| NLLE NLPLCSR | N o i U provide a unique prediction
Y. M. Wang et al, 2301.12391 -
& coPNwrirs ity vl l = (0.272 £ 0.015) == + (0.728 F 0.015) == + . ' :
T et RYY Ry R of 'Y ¥ model-indep.ly
Oa. = (=0.001£0.005) (|CF[* +|CF,[*) + (=0.007 £ 0.005) Re (C§, CFY) R} = 0.370 £ 0.017| pswew £ (< 0.001)[gg
¢ X

‘ 2

+ (—0.561 & 1.439) Re (CY7 CF7)
(0.594 £ 1.274)C57* }]

+ (—2.681 £ 6.907) |C7
+ Re [(1+ CF7) {(0.041 £ 0.034)CY7* +
+ (—0.002 £ 0.009)Re [(L+ C§T) C5* + CF C*]

|

R = 0.242 4 0.026 + 0.040 + 0.059
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Sum rule for 4© atsector

A sumrule for { .9 ¢ &4 L=y | »f| © L T|| » © Lwhp:
Rx Rp Rpe . | dx.=0.015 (|CF >+ |CT |?) — 0.003Re (CF CTF) — 1.655|C5T?
Iy, 1o Hp- +Re [(1+C7) {0.192C77" + 0.896C5T }| — 3.405 Re (CYT C577)
+0.043Re [ (L + CYT) CEF + CF Oy~

m)Y émT XNy i vsY m&c ¢ 18w wBellell,2311.07248]

U360 O/bp BwWOO Oby w0 O/by 6O O /by, saturate already inclusiverate ?
U the sumrule relation provides anothercomplementarytest of the dynamicsbehindthedecays

A Sumrule for 4 ° &4 | »[| © G W 7| »| © B sy
{4 ] - i Yaliitis s T IEL O, “saRiRt™ Nniglilts St IhEeits 2

WP W p oo

- significant once 'Yy measurement improved
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Sum rule for 4© ¢ sector

A Sumrule for 4 Z ,4 z & wmin 40 ¢:

R R, R, .
P = (0.284 % 0.037) == + (0.716 F 0.037) =& + 4,

bp = (—0.090 & 0.059) (|C§7|> +|C¢T|*) + (—0.185 & 0.038) Re (C¥7 C4T*)
+ (—0.913 + 2.403) |C¥7|* + (—0.203 £ 0.538) Re (Cy7 Cy™)
+Re [(1+Cy7) {(0.169 £ 0.158)Cy™* + (0.370 £ 0.632)C; ™ }|

SM SM SM _ uT UT* UT YUT*
Ry R> Rp + (—0.079 £ 0.056) Re [ (1 + C}7) C§7* + CT CyT*] .
o 0 A 4 Lattice LCSR Lattice + LCSR
the sum rule for wW© 0 more (less) sensitive to
SM Tensor SM Tensor SM + Tensor
' the scalar (tensor) NP Compared to WO W B — 7 | Refs. [98 100] Ref. [101] | Refs. [90, 103 105] Ref. [106]
— - B.-Y. Cuietal.,
B—p no data no data | Refs. [77, 90, 107] 291211624
A Correlatlon among =| Z ; =| Z & =| — Ay —p Ref. [80] no data | Ref. [108] no data -
: 0.60 ' - - : 0.80
09l ! e SM e C o CY | 10 . ® SM e O3 e O =
_} o Cr ey ey 0581 7 oecy ey oeoy i} 0.75}
0.8t J 0.561 N RXP =1.011+0.49 1 a
! —— e | o T 0.9 > ool | Lt
: 054l =TT H ' | '
07} : ] CEETE — 0.65}
! 0.52¢ L+
m& ' '_I_' m& 0.8
' 0.50 + 0.60
0.6+ ' T 1 060 065 070 075 0.80 ' 060 065 070 0.75 0.80
1 =1 : - R
: Vi + R 0.7 : i
057 | L IrB(B = 7v)®P = (1.09 £ 0.24) x 1074 ' B(B — Tv)®*P = (1.09 £ 0.24) x 10~*
i H '_IH CyT € [—0.05,0.21] E L Cyr € [-0.05,0.21]
:Rexp — 1.01 + 0.49 CyT € [—0.21,0.05] 06 . CyT € [—0.21,0.05]
041 : "' 1| c¥r e [-0.06,0.01] U [0.52,0.59] ' : l C¥™ € [~0.06,0.01] U [0.52,0.59]
L ; . . C™ € [~0.59, —0.52] U [—0.01, 0.06] : C¥T € [-0.59, —0.52] U [0.01,0.06]
0.4 0.6 08 1.0 1.2 C}7™: no constraint 0.4 0.6 0.8 1.0 1.2 C7}7: no constraint
R, R
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Rare FCNC decays

U occur firstly at loop; suppressed dgop factor

A Why {0 ¥b/b processes: i proportional tagd & § 61 (W° { /B p T
w
U sensitive to various NP
b /_/E\ .

A Effective Hamiltonian & matrix elements:

Local contributions Non-local contributions

W N

BSZ parametrization
LQCD & LCSR dispersive
bound
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