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|. Introduction
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LHCb run-I| 1. B(D) decay properties and CP violation
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® CKM matrix element Vio Vis Vi
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|. Introduction-Motivation

JHEP 1708 (2017) 055 AC(B—Hut =) 9
RH o f dq2 dq

Test of lepton universality with B® — K*0¢+¢~ N f dF(BzH€+€ ) dq? ’
q>

decays

Table 1: Recent SM predictions for I? 0.

L[‘ICQ q® range [GeVY/ | REM References
. 0.906 4+ 0.028 BIP [?GII
The LHCb collaboration , ,
0.922 4+ 0.022 | CDHMV P! 20 ]
F-mail: simone.bifani@cern.ch [[]_[}45_ 1_1] 0.919 * 888;}1 EOS [3[ 131 l

. . ool o,
ABSTRACT: A test of lepton universality, performed by measuring the ratio of the branching 0.925 & 0.004 | flav.io l”'z 'JJ‘]

fractions of the B — K*®u*p~ and B — K*%¢te™ decays, Ry, is presented. The K*° 0.920 T 8:88; JC [35]
meson is reconstructed in the final state K7, which is required to have an invariant _ _ o
mass within 100 MeV/c? of the known K*(892)" mass. The analysis is performed using 1000 = 0.010 BIP [26]
proton-proton collision data, corresponding to an integrated luminosity of about 3fb~!, 1.000 £ 0.006 | CDHMV [27-29]
collected by the LHCb experiment at centre-of-mass energies of 7 and 8 TeV. The ratio is [1_1_ G,(ﬂ 0.0068 * 8'88851 EOS l:J[ I ]
measured in two regions of the dilepton invariant mass squared, ¢2, to be ’

0.9964 + 0.005 | flav.io [32/34]

0.996 =+ 0.002 JC [35]

] 0.66 + 041 (stat) +0.03 (syst) for 0.045 < ¢% < 1.1 GeV¥/c?,
or (stat) £ 0.05 (syst) for 1.1 < ¢ < 6.0 GeV?/ct.
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. Introduction-Motivation

PHYSICAL REVIEW LETTERS 120, 121801 (2018)

Measurement of the Ratio of Branching Fractions B(B; — Jiyt*v,)/BB; — Jlyu*v,)

R. Aaij et al.”
(LHCb Collaboration)

M (Received 16 November 2017; revised manuscript received 19 January 2018; published 23 March 2018; corrected 4 April 2018)

B(Bf — Jlytty,) ] . .
RUW) = Bar J,ZW%) 1. Large discrepancy with experimental data

Main uncertainty is form factor
3. 3-4 times for QCDSR to the experiment

N

=0.71 £ 0.17(stat) £ 0.18(syst).

TABLE 1. Systematic uncertainties in the determination of

R(Jy).
Source of uncertainty Size (x1072) 10° : R(]/l/)) = 026 (PMC)
Finite simulation size 8.0

| B& = Jiy form factors 12.1 |
BT — w(2S) form factors 32 =
Fit bias correction 5.4 S Y
Z binning strategy 5.6 g_li -7
Mis-ID background strategy 5.6 RN
combinatorial background cocktail 4.5 %
combinatorial J/y background scaling 0.9 = B s vork
B} — J/wH_ X contribution 3.6 = QCD sum rule result
w(2S) and y. feed-down 0.9 N 0 QCD prediction
Weighting of simulation samples 1.6 : SEE ii::?zﬁ ;
Efficiency ratio 0.6 107 . . ‘ . . o
B(T+ N /'l+yypr) 0.2 0 0.2 0.4 0.6 0.8 ] 1 1.2 14 1.6
Systematic uncertainty 17.7 75.(Ps)
Statistical uncertainty 17.3 PRD90 (2014) 034025, Shen, Wu, Ma...
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|. Introduction-Motivation

BESIII D*-> Se+vBIEERITAIERWN

= Explore the nontrivial internal structure of light mesons, arXiv:1803.02166
with clean semileptonic D/Ds decay without final state interactions.

W PL/ W i'/
e I'ju d PEIH d &E 4 %
¥ u o af E g
& & d d g 3
o o (=2 | _ —
La) () % 20 (C) %
S :3\ >
Ll 1
o = B(D*=fol V) +B(D* <ol tv) } LN
o B(D*—agl*v)
ST
B(Dt — ap(980)%tw,) x B(ag(980)" — nx”) M, (GeVic?)

— (1667051 £ 0.11) x 1074, < 3.0 x 10~ at the 90% C.L.
B(D" = ag(980)"et v, ) x B(ag(980)~ — nx~)

1 90-+0.33 10Y v 10—4

— [1.33_[;,_.2{] + 0.09) x 10 Fi:DD N fi(jll:QSU}_E-'_fJE]

(Dt — ag(980) %+,

= 2.03 £0.95 £ 0.06
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1. LCSR with chiral correlator
I ) T "

50

0 ~my/m 1 I L oAl =l
v/ 5 ¢3ﬁv,¢3-v ol @, /
/ él;y ” CP3 -V ¢th: Irbi_;V' l‘UAfEV' l‘UAfEV

3 [ [
- / / 4;V T4;V
Axial current

Mu(p, @) = i [ 4 xe @ (o, DIT(@ (1 = ¥9)b00), iBC)Y50200) JO)

89, 61, 6%, 82 chiral odd and even DAs

Right-handed current
M,(p.q) =i j d* xe'T*(V (p, V| T{G1 () (1 = ¥5)b(x), ib(x)(1 + ¥5)q2(x) }I0) | 3y

89, 62 chiral odd DAs

Left-handed current

My(p,q) = ijd4 xe UV (p, )| T{q1 ()Y, (1 = ¥5)b(x), ib(x)(1 = ¥5)q2(x) }|0) b
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[I. LCSR with chiral correlator —— B—K* TFFs

1. Vector and tenser form factors Basic procedure

Decay width and Ratio

Matrix element TFFs Relevant decay(s)
(Vlgy"b|B) B = (p/w)lve
(V]gy"~°b|B) B — K*0T0~ B->P/V transition form factors (TFFs)
(V]go"” q.b|B) B— K™y
(V|ge"+°q.b| B) B — K" Light cone Sum Rule (LCSR)
2. Definition of TFFs Light/heavy meson distribution amplitude (DAs)

0 g) Dy, p2)
mp + mg- i

2V (%)
A Ao(q*)] + epape™ ™ g pf —— 21
[ 3((1 ) — Aolqg )} prafe 41 mp + Mg«

(K*(p, N)|5o,,q" (1 4+ 45)b \B(p +q)) = )zf#,,agf*()\)”qapﬁTl(qg) *(A)(mB — T??K’*)TQ( )
—(2p + Qu(e™™ - Q) Ts(¢”) + qul(e™™ - ) Ts(q?).

3. Chiral current correlator

Mi(p,q) = i jd“ xe' (K (p, DIT{5()y, (1 — y5)b(x), imyb(0) (1 +¥5)q1 (0)}]0)

(K™ (p, N)|57u(1 = 95)b|B(p + q)) = —ie; NV (mp + mic+) A1 (q?) +i(e

+(A) QmK*

Figu(e™ ™ - q)

ml(p, q) = —i f d* xe ¥ (K*(p, )| T{5(x)0,,q" (1 + ¥5)b(x), impb(0)(1 +¥5)q: (0)}10) 9 /25



[I. LCSR with chiral correlator —— B—K* TFFs

2 2 2 * J_* 1 d 2 C ].
faAi(g?)e B/ = mg’g;ﬁfg}{ ){ /U e {@@(c(u,50))¢iK*(u, )+ O(clus 50)) g (u) —
miC = C —2m3 ~ 1 N C =~ 1
X [ 3M4®(c(u s0)) + IVE O(c(u, so)) — a@(c(u,s()))] Gppee(u) — 2 {WG(C(U,S())) — a@(c(u, so))}

2m

<I1(u) - [uMzé(c(u,sm + @(c(u,s()))} Hg(u)} + ] Da / e 0 6c(X, 0) [QXfMQ 3 )1(]

«[v- Dt @ - T @] } (19)

22 mw(mp +m m2. . L du s(w) /M2 1 1 ~
Fda(gt)emm/nt = ke 2 e e [ et L, s0)) e (1) = 7500 50)) - (0
my 0 U mae. M

1 m2

——26(clu 30) Hi(u } / Da, / dve = I O(e(X, 50)) [ (40 = )P - (@) — T - ()

60| ok (1) + 2 S 2B su)) — B, s0) | 1)

+ AP (a)} } (20)
—m?2 2 —+ * fJ‘* 1 d _s(u 2 2 = 1
FaV(g2)e~m/M? — my(mp mg’bK ) /O ;’“’e (u)/M {@(c(u,so))gbj‘;K* (u, ) — {ﬁ@(du,so)) + MYE
_ 2
<Ble(u, )| "5 - () 1)
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. LCSR with chiral correlator —— B—K* TFFs

mZm2. f 5 | aduy ™=@ [ m: = 2
T(q?) ==K K ["Ze M J = @(c(u,s,))4 . (U, 1) ——2—0(c(u,s,)) s . (u) -
1(97) mé f {jo U mi* (c( o))¢2;K (u, 1) IMEYE (c( o))¢4;K (u) UM 2

mg—s(X)
OO SN (1)~ O s H W) + [Da [[ave v Eo(e(x s, (g)}

m’fim? .idu mé_sz(u) 1-H m’ ;
T2 (qz) - bmgf : J‘ove . m2 @(C(U, SO))¢;K* (U,,Ll) - 4u2|t\)/| 4 (1_ H)@(C(U,So))¢:K* (U)
B'B K*

: 2(1‘?)é(c(u,so»u(w—%{H[E—QH}@(c(u,so»Hg(u)}
uMm M u

. m2fim?, cagu MW [ 1 s .
Ts(q%) = meKf K J‘Oje M m—2®(C(u’SO))¢;K*(U)_4u2K/I4®(C(U'SO))¢:K*(U)_2{UM2
B'B K”

2

< OC(U,s,)) + 3 4é(c(u,so»} IL(u>—ﬁé(c(u,so»H3(u)}

u’M
mefim?. adu M [ g m 2
(@) = R [ e 0 s () - 4u2;A4@(c(u,so»czﬁ;K*(u)—{uMz
K

< 0(c(U,5,) +u;ﬁé(c(u,so»<mé - m@)}h(u) +[ufﬂz —ﬁ}é(c(u,so»m(u)}
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[I. LCSR with chiral correlator —— B—K* TFFs

22 : w " \ ‘ ‘ ‘ 1 e e  B——
2 WH-DA / 055 —WH-_I)A ’/ WH-DA 22 {—WH-DA ’,' B
s+ Lattice2014 99| 4 Lattice2014 + P 0.9 + Lattice2014 ; 2 4 Lattice2014 ;
1'87———1\dS/QCD7DA 1 0.5 - --Ad5/QCD-DA 0.8} ---AdS/QCD-DA ’ 1.8 H---Ads/QCp-DA /
1.6 A
I 045
"] = 04
< 0.35
0.3
0250
0.2 I 1
2.0 0 2 4 6 8 10 12 14 16 18 20
¢*(GeV?) 7?(GeV?)
2 f—WH-DA Ty —WHDA ‘ ‘ ‘ —
1.8 * Lattice2014 ! g 0557, Ealt{ii;m } ] 0.91 & Lattice2014 1.8 I Wiba
16 ---AdS/QCD-DA ! 0.5 H---AdS/QCD-DA r---AdS/QCD-DA
—~ 1.4 _045;
ng = 04 e
& 035
03
025
02 r J .
' 0 0 2 4 6 & 101214 16 18 20 O : ‘ ‘ ‘ 02—
15 20 0 5 10 15 20 0 2 4 6 8 10 12 14 16 18 20
¢*(GeV?) ¢*(GeV?) ?(GeV?)
. . 20 |
—WH-DA 18 )
---AdS/QCD + LHCh
& « LHCDb ol * CDF
=z _ * Belle = * Belle |
o D 12t v BaBar
uvog xS 10 4
X x 1
o B | B — )
3 = }
E‘Q\ Ea, 6 T \ T =
= s, %‘_ ——
2 t 4

JPG 43 (2016) 015002

B = (1.0887430%) x 109,
BB — K*pip) = (1.19 £ 039) x 10° pQCD H.B.Fu, X.G.Wu, Y.Ma, W.Cheng, T.Zhong
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Il. LCSR with chiral correlator —— B —» K*u*u~ Asymmetry

® Forward-Backward asymmetry

dq? —dr /dq?

| 1 2T B — K*(ti— ’
dApg 1 ([ d(c0s ) T [B — K*(+( ]_/
J0 o

Isospin asymmetry

dq?d cos 0

d(cos#)

d’T[B — K*(t(7]
dq?d cos 0

dA; | dT[B® — K*0¢+ - dg? — dT[BE — K*0+¢~)/dg?

dg> — dU[BY — K*00+(=]/dg?> + dT[B* — K**(+(=]/dg?

— Decay Width

— TFFs fJ_’”(qz)
— LCSR with Chiral correlator

— WH model for K* meson twist-2 LCDA

£(0) £,(0)
Our prediction 012970006 0.3517003¢
LCSRI [9] 0.126(11)  0.333(28)
LCSR2 [32] 0.118(8)  0.266(32)
AdS/QCD [20] 0.076 0.245

Empirical estimate [5]  0.16(3) 0.26(6)

TABLE I: The B — K* SFFs at the large recoil region &;, where
the errors are squared average of all mentioned error sources. As a
comparison, the results derived by light-cone sum rule [9, 32], Ad-
S/QCD [20] predictions and empirical estimate [S] are also present-
ed.

&1(d%)

4 Lattice2014

8 =——WH-DA IL8H— WH-.DJ\
4 Lattice2014

TFFs &,(q?)

2 13 /25



—— B > K*u* u~ Asymmetry

[I. LCSR with chiral correlator

0.5 . - 0.5 i 0.5 /A_%%
of— i i — SM O | —— SM+MFVI o 1 I — SM+MFV-11
A Belle A Belle A Belle
j < LHCH . % < LHCH r P
CoF CDF A (q” € [1.6] GeV?)
o OMS . OMS i K -
05 5 10 15 o 5 10 15 0 1 SM 012137
SM : SM+MFV-| M +M FV—I | | swemeva ouspge
- - —A : . : SM + MFV-II 1 297+0203:0227
sk /'\| 05 | 05 Belle [37] 026703 £0.07
04} 04 1 o4 CMS [40] —0.05 +0.03
03} 03 03 ATLAS [41] 0.07 +0.20 +0.07
02t 1 02 —— 1 02
= P — = 0 — = g —
:;_()_1. ‘ ‘ :‘:—l‘}l ‘ ‘ 1 g—ﬂ,l ‘
—02f —0.2 1 -02
03 I —_— —03 I 1 -0.3 |
04 *  LHCh 04 —— SMAMFV-I 04 —— SMAMFVIL
sl | " |09 | s s s
(1] 2 4 [ 8 0 2 4 6 8 0 2 4 6 8
q° q !
Phys.Rev. D97 (2018) 055037
. H.B.Fu, X.G.Wu, W.Cheng, T.Zhong and Z.Sun
B — K™vv Branching Ratio and F;
B x 106 (Fpr)
o7 l ‘—()ur i)n‘(liﬂi‘ﬂn SM ? 601—1??18 0491—3(1}3
FL iosn SM + GFV-I 592115
081 -= QM
o = SM + GFV-II 9.721276
< Belle [49] <18
s ABSW [47] (SM) 6.8+10 0.54(1)
N . 1 "~ wak ABSW [47] (GFV-]) 53
B 0 ABSW [47] (GFV-II) 8.7 e
ok ‘ '. 1 ; NWA(SM) [50] 9.49(101) 0.49(4)




[I. LCSR with chiral correlator —— The equivalence of LCSR and chiral LCSR

By Suppressing the value of threshold S, the contribution from the added
scalar state can be highly reduced or eliminated.

A1(0) A2(0) V(0) T (0)[T3(0), T5(0)] T5(0)
LCSR-R  0.3107593%  0.260759%5  0.33275-031 0.254 19040 0.15279-939
LCSR-U  0.30870032  0.25710:02%  0.3070 553 0.251+9:928 0.14519:920
LCSR [38] 0.25t016  23+019 (361023 0.317918 0.2219:17
BZ [12] 0.292 £ 0.028 0.259 + 0.027 0.411 £0.033  0.333+0.028  0.202 & 0.018
AdS [36] 0.249 0.235 0.277 0.255 0.155

—LCSR-U
18[ + Lattice2014

L+ Ads/QCD ofl . AdS/QCD

o
0 2 4 [ 8’ ]l)‘ 12 14 16 18 ] 2 4 6 8 ]l)‘ 12 14 16 18 0 2 4 6 8_ I(]' 12 14 16 18
¢(GeV?) #(GeV?) 2(GeV?)

—LCSR-R
18l 4 Lattice2014
- AdS/QCD

o 2 4 6 8 10 12 14 16 18 0 2 4 6 8
2(GeV?) ¢ (Gev?) % (GeV?)

10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

FIG. 4. The extrapolated B — K* tensor TFFs T} 2.3(¢%). The left and right figures stand for LCSR with the usual and
right current, respectively. The solid lines are central values and the shaded bands are their errors. As a comparison, the
AdS/QCD [36] and the lattice QCD [41] and predictions are presented.
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[I. LCSR with chiral correlator —— The equivalence of LCSR and chiral LCSR

LCSRAA J—LCSRu Js[—LCSRu
CQ\-’{X_ Y) + Lattice2014 120 4 Tattice2014 =0+ Tattice2014
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OxOy 2 08
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‘_:" 15 ;H.‘ i -:3‘ i .
N - "4/ T A
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05 ’ ‘M‘"‘MW o * MMM
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ttice2014
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0o 2 4 6 8 1012 13 16 18 PGV

7(GeV?)
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pxy 0.89 0.79 0.71 059 0.54 049 0.37
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=S o} E ol 1
* %
g . R — -
0 2 4 6 8 10 12 14 1 4 6 8 10 12 14 16 18
¢ PXY = 0.64 ¢
20 T T T T T T T T T T T
0 e 0 R Phys.Rev. D95 (2017) 094023
T 15k B Type Cm: H 15F B Type C-Dl:‘ i
% = Belle .‘: ) 1 Belle W.Cheng, X.G. Wu, H.B.Fu
=2 * BaBar <2 v BaBar
= = 10p 1
x x R N
3 ) —
é’ % il \%




l1l. SVZ sum rule within BFT

Gluon field Af}(:c) — AN z) + ¢’ (2),
Quark field o (x) — Y(x)+ n(x).
(@p —m)v(x) =0,

DGR () = go(a)y T (x),

» Background Field Theory (BFT)

» Equation of the motion

» Fundamental and adjoint representations of the gauge covariant derivatives
u =0, — igSTAAﬁ(JJ)
> Quark propagator (up to 6-dimension) ﬁ;jB = 04P — g fAPCAS ()

2 3 5
Sr(x,0) = Sp(2,0) + SE(2,0) + Sp(2,0) + Y Sp”(2,0) + > _ 537 (2,0) + > 557 (x,0),
=1 =1

=1

» \ertex operator

2B = —2iz- A
o 2%
= —ZQ}ZGHV—gCCmZGMV;p
_fupovG _iMPU’\VG
182 Grpo — 7t a 272”2 Gluipon

i
~ x”x"mam)‘:}:'rz”(}'uy;pg)\»r + -
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l1l. SVZ sum rule within BFT
Sggg(‘r’o) :ijﬂeip.m {_ m +,’{é R ,yu(p . ,rn),y,ub . {QW'IJ(Zb — m)pﬁ n gr 2)2‘| ’Y#blllﬂﬂ}

(2m)4 2)2 vk (m?2 — p2)3 (m? —p

A1) Ay (141) ipx i ﬁ‘,f‘(mfm B p.ﬂ vpo i (III+P)’}" o 4’}J'(???_}5) vt V~Pl G
Sp - (,0) _IJ (2:r)4€ 4\ (m?2 —p?)3 2(;112 —p23 ) o 2\ (m? — 1)2):*“(] i (m? —])'3)41) L R

) 4, . i (“‘f' aHm — $) {mp ot AT (1 —

(m?2 — p2)3 (m2 —p2)3  (m?—p?)
,\}t(’n - ),,"l/ . . A ‘(//:/\?p it .(l/:/)ﬂ”)\ =
{(3# (1)\'~’ +pf 7.’\) et ( - 3 ) ~

m? — p? (m2—p

()t 7 =2 T,
+4 (Hq{m oMy Zii{i {:)_A; +6 ;i)im ;j])}) p”p"pA) ) " % GG, ,\}
5590 =i [ (sff; | {2? K(mf:z)s * (ngpﬁpp 7 ) e Phys.Rev. D90 (2014) 016004
- (WQWA} * 2(133{105:}}4 * ﬁ(ﬁgm pi)‘)'p"paph) 7 ] G”"”‘GP“} ’ T.Zhong, X.G.Wu, Z.G.Wang,
w0 =i [ %e—w {% [9{"‘&1‘;“:};’; » (P’;":ﬂ’\ﬁf; +6”’{”ﬂﬁ?_’\ }If;f; L T.Huang, H.B.Fu, H.Y.Han

g(.upm\
- ( 2) 3 p_u;pc')\ y

- [ dY . YH(m— p) pH o AT
S;m(:”’o)”f e 8{[<m2—p)4‘4(m2—p> ]’””A“’

1 no T+ WT O
w2 s B e 16 4 I 59 GGG

(m? (m? —p?)*
6(2) — d4p —ip-x _1 r}'“(mi F‘) {}vr p} (Tn'i ﬁ)r}' {p, A T}
270 =1 [ e () [P E e 6 e
_ ’Yy w{A T p} a m+ ﬁ (raTX) m+ ﬁ {r/a T A}
4(m2—p2)4g ry ]7 +4[(m?—p2)4g +6(m2_p2) pp

m—+ ?j v oa, T, A
+48WP p'pp } ‘u"/p} GG poinr
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lll. SVZ sum rule within BFT— rho meson longitudinal twist-2 DA

¢2/;(x p) = 6x(1 —x) (1 1 ZC?U

» Correlation function

MZ

< llz > _ e™Mp 2/ M? 3
” fp 47> (n +

L+ S A )
1)(n+3) "

I 11
) X an ﬂ(ﬂ)>~ al]‘./) Y (l4<§2/)> 21<'§4p> 1),

=2 (1358, ) -

e 64 495(54,>> + 429@6[;) 5).

"0 (a.q) = [ da O (1,(2) T} 0)}0

_8ntlm (9,q6TGq)

_”M mg qq g\
i) 3 (Rl B

q=u,d

4n + 2 (g9,99)* 1 +n6(n—2) (a,G?) 1 (g2fG?) (85" +405n + 192l M? 165" + 810n + 363
81 M° Rz(n+1) M* 16z M° 36 1 72
L ( +])+8§”°+405n+826+9( ) 16 —22n, M?*  788n + 421 1) 766n + 437
X —y(n n— n—-— w(n -
7ET g 72 72 2 72 ! 72 E
68n> —37n—11 =3 3(135k + 128) 383k + 399 106kn — 410k + 617n — 415 _
_ 68n n "‘Z(_])k ( + 128) + B n +617n 106 |
144n — 144 n—k k—n+1 (k+1)(k+2)
(15)
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lll. SVZ sum rule within BFT— rho meson longitudinal twist-2 DA

E) .
3 5 2
B e Yo\ Phys.Rev. D94 (2016) 074004
_So8 o ——BFTSR A
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lll. SVZ sum rule within BFT— J/wp longitudinal twist-2 DA

Propagator and vertex operator contain m_. which are more complex than p-meson !!
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. SVZ sum rule within BFT— J/y longitudinal twist-2 DA
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V. Summary and Outlook

1. LCSR with chiral correlator

B-K* TFFs, Asymmetry, Equivalence of two LCSR
2. SVZSR with BFT

p, J/¥ and semileptonic decay

> B,D - n,K,S,V,T .. .. at BESIII, LHCb. Belle-II
» NLO correction for semileptonic decay processes

» Heavy baryon decay processes
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Thanks for your attention!



