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Exclusive 1m#2 & Inclusive 18 FE

Exclusive: F#ARBE N R U DEFE I LTV A

#5]: B - Dfv,B - D*¢v, B - nfv, B » pfv,B — K*£*{~, etc.

e ¥ e R OFEM AL E (BFQCD, QCD sum rules, ...)

Inclusive: FLIRFE NN R U ZFaE L 72 Inclusive rate T Exclusive rate D FI
#): B > X Av,B »> X, £v,B » X AT ¢ etc. Zx—27 « R Wtk

HiEmat 5 % QCD FEEE W RiToperator product expansion (OPE) (Z & - T
systematic |- 8% Y $E 2. % Wilson (1969)

AIEVE: BEINTWZ2WEREER (BEFMIE, 1/myfiiE) IGHPEOMAL (hard to quantify)




B — X ¢v FRiE

HERHFIE: 1/my, BB heavy quark expansmn (HQE)
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Grmp, e ug
T G pp pis
[ = 3|Vcb| (Co+Cr—+C—+Cp—S+Crs—5+ )
192m ms mé m; m
a a b b b'—’48_‘r b ™ ek ] T Ty
— LO _S NLO _S 2 NNLO 2 4.6 :_ Exclusive [V, .‘\x" 1.0 contours j
CX — CX + T CX + ( T ) CX + o :“04 4 E_ = Exclusive |V | “::r_m::i(ll‘ j
X=0,rG,D,LS :_>_:’42 2 VIV, l V.ol ghobal fi 3
\L)—/r_‘ﬁz c:j:.‘; (/j— %) |VCb|0);§QI'_E 4 :_ r_:l HFLAV Average _‘i}
- v 3.8 ) e
(inclusive & 30) |V.p|x103 G - | 3
Bordone, Capdevia, Gambino (2021) 4216 + 0.51 3 loop OFEEFEAM 34 f_ ’ é
Bernlochner, et al (2021) | 41.69 + 0.63 extracted from g2 moment 32 x
Hayashi, Sumino, Takaura (2021) 42.5+1.1 1S mass schemes 3 E- HAV —i
Hayashi, et al (2023) 415t%8 MS scheme 2.8 ;‘ 1 : 1 1 Pi) wal -i
Finauri, Gambino (2023) | 41.97 + 0.48 g* moment included in the global fit T 36 38 a0 a2 a4 “
M i Long-standing puzzle? Vel [107]
(exclusive FEHRGm ) Vep [X10° (i . . -
414406 +0.9+12 [ CLNinB. » D™y BRIz & 5 FEAIEZbD constraint &
LHCb (2020) 23108100tz BGL@m BS N Dq(*) s imcompartible Crivellin, Pokorski [1407.1320]
Belle (2023) 41.0 i 0.7 BGL in B = D* v, angular coefficients
BaBar (2023) 41.09 + 1.16 BGLinB - Dfv
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differential width:

W,v: Hadronic tensor

L, Leptonic tensor 1
WHY=——Im(T"")|p-x,
/[
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. (for B —» X tv)
charm quark {=#EE%X



B - X fv FR¥E Ddiagram

FE B
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charm quark {=# B2

W,v: Hadronic tensor

1
WHY=- - Im(THY)|px,

(for B = X tv)



. . . - E,: charged lepton energy
=\[/
dl fferentlal Wldth @ n:l:'f E,: neutrino energy
Z: dilepton invariant mass squared
2 2 2 q0 q |
d“T — GF|VCb| 2mb 0 uv 3.0 ° =E~+E, a=q*/[2my(q°" —Ey)]
—_— = 3 Im (¢ — Ep)L,, T dq
dE¢do 4 ™ B e e I
£ NEABZE[E DFE S5 Chay, Georgi, Grinstein (1990)
ez Bigi, Shifman, Uraltsev, Vainshtein (1993)
FE 53 DA FATARZEIC X Ditim (BEED) Manohar, Wise (1994)
min max Blok, Koyrakh, Shifman, Vainshtein (1994)
P o nEE N 1 _ 0
< > " C, 19
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T \l/ Cauchy’s theorem
resonance region C, ¢ f(g9)dq® =
BN EL 3 A B ‘
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- ‘ 400 > W
cf) R-ratio N5 AT AE
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K\S\ﬁx EEIORER EFRHEICL>TBESND)
C l/p/ R R
S = < — + i + + (no gamma matrix parts
, 5 c(pc) pg—mgﬂe ﬁc (p§+Q p§+Q*) (no g parts)
Complex conjugate pole (CCP)

Zwanziger, Nucl. Phys. B323 (1989) 513-544
@ Gribov-Zwanziger 3Bim: 7 /L —F IREEUIZCCP
A S 0RE @ (Massive) Yang-Mills IBE Hayashi, Kondo [1812.03116], [2001.05987], [2103.14322], [2105.07487]
@ (a variant of) Schlessinger point method: 7 /L —F > « 7 4 — 7 OAsBEIEIZCCP

Schlessinger Binosi, Tripolt Zhu, Raya, Chang
Phys. Rev. 167 (1968) 5, 1411 [1904.08172] [2005.04181]
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differential width @ ZE{f =,
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B - X tv B) - anything
PEFR Dk R (BB D RENR) PERDFER ' =ds
1 dF - II"b'—)Cl_lq' " 1I"b-)(.'fl_/ b - CC_'q, :l:J ﬁ*%
= B 9 2,.(9 — 3(n2 _ - ssq 120 ¢ :
Ty du % [322ye(2 — ye) + e (ye — 3ye)] dyq: VOG0 | L kL commEEs
2 /.2 Y=,
mc/mb . ~ - ‘ 5 T
Xy = 1- 1 — Y, Manohar, Wise (1994) Bi= .N'(_-Clz -+ ]\"(;C-f + 201 Cz Cy, Cy : Wilson £24k
CCP D% 5- AbF5E CCP D% 5- ABFSE
g | B
1 dI’ | e dIr¥ et
—_—— = 3T 2 — + -3 = —2ReR —;
T dy = ReR Ye[3%7ye(2 — ye) + 27 (v — 3ye)] e T
Xp=1+ f/ . EEMz m.——Q  overall 5 —2ReR(...) RO ERFROBE S HZIZLVIGO0D
— Yy
Voph |‘.0 PEI SEATAFZE Dinclusive Veb .
HHE |V = =cops [CCPs 17,2 GBI B S T=Y 00rs(T[semi — leptonic] + T'[non — leptonic])
: [ccps St cb
\/l + Fore [OPE ~ G2 (mkin)5 /19273 Fn T (Topg + Teeps) ™2
=72 L. EXIFED LI-BREEICNINT 5.

cf) FmELIZ X D #m Crivellin, Pokorski (2014)

I, = GZm3|V,p|?/192n3 (normalization of width)

vy = 2E,/m, (dimensionless charged lepton energy)
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[y = GEm3|Vyp|? /19213
;12\%7< 'fjé@ L7 k \/iZ\/I/%w—ﬁj\ﬁ Ve = 2Ep/my,

charm 7 + — 7 =ik BA%L (CCP DER 75 D Fx)

R R* L4 [— Parton
SCCPS(pC) — iﬁc( > + — *) 1.2 -~ Parton+CCP (6=n)
Pc + Q Pc t Q ok |2 Parton+CCP (9=O)J

ATy hINT A=A

BofrE: Q= (-2.3+1.14i) GeV?
Zhu, Raya and Chang [2005.04181]

B ofxE: |R| = 0.115

7=72L. R = |R|e'® |
my, = 4.78GeV, m.= 1.67GeV  PDG pole mass ' 0:0 0.2 0.4 0.6 0.8A |
})

~1 (b LLIZ0)DFE, EROFESICHLTIEBE)DTFESEZ5Z 5.
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charm 7 + — 7 =ik BAEL (CCP DER 75 D Fx) 4.6

Sccps(Pe) = iﬁc(

R*
2 + 2 *)
pc +Q pc+0Q 4.4

ol
ATy PR A—H %
WoprE: Q= (—2.3+1.1i) GeV” 8 4.2
Zhu, Raya and Chang [2005.04181] o
B o#eHE: |R| = 0.115 4.0
772 L. R =|R|e'
RAlT-t<0<n O){ﬁﬁf scan 9~ 5 _3
€K Dlnclusive |VIPE Qw-‘
= -7

Vi = VOPE|  |VYPE| = 42.16(51)x1073

Bordone, Capdevia, Gambino
ccPs , 2107.00604
L+ 55 mkin = 4.573(12) GeV [ ]

@0 ~+mr & L7284, inclusive 2O exclusive & 1ocDEEFHN T—E

BGL parametrization (1995) CLN parametrization (1998)
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HQET (Z# D < parametrization Jung and Straub, Iguro and Watanabe
T ZIRE L TL AL

[1801.01112]

[2004.10208]
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fh 5 B lifetime

0=—m 0=m
charm 7 #+ — 7 {ciiBAZL (CCP DE[ 73 D7) — —
_ R R* otime O 2.2 [ HQE lmccp]
Sceps(Pe) = iy (Pcz 10 + 7 1 Q*) I - 20 HFLAV 1o
AT PNT A =X T = (Topg + Teeps) ™ ‘? :.:
oA Q= (—2.3+1.14) GeV? / 1:4

Zhu, Raya and Chang [2005.04181]
0.108 -1
Tope = (0.615X006¢5) ps™ 5
Lenz, Piscopo, Rusov

B ofxE: |R| = 0.115 [2208.02643] 4.6 HQE 10-+CCP

. . Excl(2/1/0) 1o
7272 L. R = |R|e% |

44 Excl(3/2/1) 1o
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(LLER D ) N

® 0 ~ +tmw DA |Vl L 1p, & LoDHFFAN TRIFFIZHIIT 5 Z & 23 FTRE. 40
— V., puzzle Z 7 T& HCCP/YT A — X {HINTFAET D 2 & B HERR.



X &8
@® 7+ — VIoiRBEEOEITIEICE T A EEICIE
FEEBRAGENH Y. CCPOERENTEBINTWLS,

@ CCPDTETE F TIIEDTRIE D deformation (U,
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H: BEICESREBEAER LR L TEFOERIIN TN D &,
WEB)L 7 b TRILF—BREBDHE,. CCPICLBMBEZZITHL, 7272 L INIFEERTIHMETZ AL,

@® B - X v & By DEAEE O 21TV CCPAFE F T
|V.p| & BY Dlifetime & BB A ikim L 72,

@ fERE LT, Vy &1(By)x 1o DELH TRFFELBA T & % charm quark CCPD
INT A= R(BOAUERTERB)BENFET ST EADH -7
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CCP FeATHIFZE Db B

Rainbow-ladder truncation

Beyond rainbow-ladder

Zhu, Raya, Chang [2005.04181] 1 pair of CCPs

Flavor q R (o] R (o]

u/d —0.302 £0.364¢ 0.586 F 0.542¢ —0.013 F 0.480:
8 —0.646 + 0.660: 0.702 3 0.311z 0.060 5 0.7192
c —2.325 £ 1.145¢ 0.577F0.712¢ 1.098 3 0.1572
b —32.942 +4.260: 0.674 +0.498: 5.110 F 3.28T:

u/d —0.175+0.210¢ 0.231 F0.685¢ 0.001 F 0.390z

Dorkin, Kaptari, Hilger, Kampfer [1312.2721] multiple pairs of CCPs

u, d quarks 1 2 3 4
pole position (-0.2588, + 0.19618) (-0.2418, + 2.597) (-1.0415,+ 2.8535) (-0.738,0.0)
res[o, | (-0.016, ¥ 0.511) (0.04,£ 0.10) (-0.05, = 0.076) (0.069,0.0)
res|o,| (0.259, + 0.859)  (0.0234.% 0.063) (0.0014, F 0.052 ) (-0.080,0.0)
s quarks 1 2 3 4

pole position (-0.436, £+ 0.513) (-0.51,+ 3.35) (-1.45, + 3.82) (-3.25,0.0)
res|o | (0.009, ¥ 0.49) (0.06, + 0.10) (-0.056,F 0.08) (0.007,0.0)
res(o,) (0.26, F 0.54) (0.013,  0.06) (-0.0005,F -0.048 ) (0.004 ,0.0)




Beauty hadron @ 751

Lenz, Piscopo, Rusov [2208.02643]

Observable HQE Scenario A HQE Scenario B Exp. value
r(B*)[ps™'] 0.563 0 oo 0.576 ] s 0.6105 + 0.0015
I'(By)ps™! 0.6151 D225 0.62719 10 0.6583 + 0.0017
I'(B,)[ps™'] 0.597+0:009 0.6250419 0.6596 + 0.0026
7(B*)/7(By) 1.0855* 0 Dara 1.0851*0 2% 1.076 + 0.004
7(Bs)/7(Ba) 1.0279*00113 1:0032+2:9000 0.998 + 0.005
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