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J /1 decay channels

Decays involving hadronic resonances

> Decays info stable hadrons

> Radiative decays

> Dalitz decays

* Weak decays

s D etw, +cc <71x107* Cl=90% 984 v
Taas Dlete +cc <85x10™° Cl=50% 987 v~
Do D, e'v+cc <13x10°° Cl=90% 923 v
Tagr DS ctrsiicich <1.8x107° CL=90% 828 v
Tes D7t +cc <75 x107° CL=90% 977 v
Tsso DK +cc. <17x10°* Cl=90% 898 v
Tsn DK +cc <25x10°° a=90% 670 v
it D;m +cc <13x10°4 c=90% 915 v
Tz Dip*+cc <13x107° CL=90% 663 v

@ Semileptoinc decay: J/¢¥ — D/Dgly;  this work

@ Phenomenological aspect: plenties of studies on hadronic and radiative decay, less
on semileptonic decay(Br < 10™%) <— limited by the experimental detection
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J /¢ number by BESIII

Ttem 2017-2019 2012 2009
Noe(x100) 6912.03+£0.08  860.59:£0.03  180.84£0.01
Nig(x10°)  118.66£0.05 15.32£0.02 6.89+0.04
Corig 1.00 1.00 1.00
PBISO) 0.768040.0005  0.7699+0.0005  0.7707+0.0001
PE656)0.7693+0.0002  0.7709+0.0002  0.7723+0.0002
U 0.77560.0001  0.7776=:0.0001  0.77800.0001
feor 1.0082+0.0007  1.0086+:0.0008  1.00740.0003

Ny (x106) 8774.040.2

1088.5£0.1

224.0+0.1

BESIII,CPC46,074001(2022)

@ Total J/¢) samples: 1.0087(44) x 10'°
@ It is time to study the J/v rare decay.



Experimental searches

@ Completed measurements

channels Upper limit  J/v number Refs
J/¢p — Dseve 4.9 x107° 5.8 x 107
J/ — Deeve 1.3x107% 2.3 x 10®
J/ — Deve  7.1x107%  1.01 x 10*°
J/¢p — Duv, 56x1077  1.01 x 10'°

BES & BESIII collaboration

@ Future measurements ?

channels Upper limit  J/1 number Refs
J/p — Dseve — 1.01 x 10" BESIII
J/y — Dspv, — 1.01 x 10'°  BESIII
J/1 — Dseve — ~ 10" STCF
J/Y¥ — Dspv, — ~ 10*2 STCF
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Phenomenological studies

J/¥ =  Dseve -10"10  Dyuv, 10710 Deve-10"'T  Dpy, - 1011 Ref
QCDSR 18707 17707 0.73705% 0.71703% EPJC54,107(2008).
BS 3.677,°% 3.5470°0 2.037027 1.9870 2% JPG44,045004(2017)
CCQM 33 32 I71 1.66 PRD92,074030(2015)
BSW 10.4 0.0 9.93707% 6.070% 5.870°% AHEP2013,706543 (2013)
CLFQ 10217757 9.597 7 6.107027 5.7870 22 EPJC84,65(2024)
a. QCD sum rules (QCDSR) b. Bethe-Salpeter (BS) c. Confined covariant quark model (CCQM)

d. Covariant light-front quark model(CLFQM) e. Bauer-Stech-Wirbel(BSW)

@ Significant discrepancy between different models, and they are almost unable to be
used to extract CKM matrix element V. gy by combining with the future
experiment.

@ A genuine nonperturbative lattice calculation is essential

4/19



<]/d)—+-l)/l)shq

@ The amplitude

. G _
IM= 71*FVCS(d)Ea (P/)Huoc(P, pl)guuul'ﬁ/(l = ¥5) Uy,

V2

with the nonperturbative hadronic interaction

_ w
Hua(p,p') = (D/Ds(p)lJ ), [J/%a (e, p’))
Fa(q%) F3(q?) iFo(q%)
= Fi(d®gua + Y pra+ 5 PuPa = euapap;)pa

@ The decay width

2
G?,st d 1 (=
r = @ dg? x [CU(qZ)X(ElJrfE;)

12M2 3273 5
l

m

02(112)

2
+ % X (B = (B + —— x (B)* - &)%)

with B = ;L [q2 +mi — ig(((f - M2+ m?)(q® + m}) F 2M|F|(¢* - mz"))}
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Extracting F{ on the lattice

@ Euclidean hadronic function in the infinite volume

Huw(3,1) = (0l¢n (3, 0)J,.Y (0)1J/¢u(e,p')),t >0

. a3p 1 —Ept+ipd . LW /
= @03 Ee (0l¢r (0)| D (D)) (Pn (B, (0)T/%u(p))

@ Considering the parameterizations

(0l¢n (0)|on(P)) = Zp
’ F /
(n@IL O/ Yu(ep)) = - cuaporppo

@ The spatial Fourier transform of V,,,,, defined by H,,, = V.., — Au,

Fo(q®) Zp

e—Eht6 p/p
Mm 2E;, papafpte

Vi (B, 1) =

@ Constructing a scalar function by multiplying ¢vp0p),ps on two sides
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Extracting Fj on the lattice

@ Scalar function method

mE, _n(plz o
Fo(q2) = ThheEht/dBm%euyaoxavﬂy(I,t)

with V., (2,t) = (0|D/Ds (7, t)JY (0)|J /%, (p)) calculated on lattice
@ A similar scheme has been used for high-precision calculation

o T'(ne — 2v) = 6.67(16)(6)keV,
2.9 o tension with the PDG value, verified by HPQCD

o T(D} — Dgv) = 0.0549(54)keV

Combined with the BESIII measurement on D} — ev,
fD»S« |VES| = (1905tii$stat + 9-1syst4cxp + 8-7syst.la‘tt)MeV

Highly impoved compared to 41.54y¢ 1at¢ using HPQCD result
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Extracting ,2,3) on the lattice

@ The spatial Fourier transform of A, (Z,t)

s - Zn _ppt 2 F2(q%) , F3(q?)
Ay (1) = Ee RE A —F1(4%)gpv — AL PuPy T T PuPy
2Bt 1= [ o1 Ay 7.1
Fu¢®) = S [BRD = BalP (T + 1) — m*L — [7°15)] o
b h
‘ 215, cFnt ‘ L= /ds,fjn 19117]) Aoo (7, )
Fy(q?) = [EhIZ - E2I, — Epls — |Iﬂzlz}
777Zh L _/lgﬂjl (I211%]) widoi(Z, 1)
28, e pila]
o (a2) = € 2 _
F3(¢%) = S22 [E,,IZ +3mi(Eply + I5) — m?I % /d‘ “ﬂm‘r‘)n/lm(it)
- PRl + Euli 1) AR )
15:/ L ij 242 ziwj p Aij (T,
F{R 0~ P e i At

@ Hadroinc function A, (Z,t) = (0|D/Ds(Z, t)J;?(O)\J/z/;U(p')) is calculatable directly.

Z2
@ The Ey, Zy are extracted from two-point function Ca(p,t) = ﬁ (e—Eht + e—Eh(T—t))

using a single-state fitting.
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Lattice setup

Ensemble C24P29 F32P30 H48P32
a(fm) 0.10530(18) 0.07746(18) 0.05187(26)
afts -0.2400 -0.2050 -0.1700
afle 0.4479 0.2079 0.0581
L*xT 243 x 72 323 x 96 483 x 144
Negg X Nere 450 x 72 719 x 96 100 x 72
mx(MeV) 292.7(1.2) 303.2(1.3) 317.2(0.9)
t 6-17 6-20 8-30
Zv 0.79814(23) 0.83548(12) 0.86855(04)
Za 0.85442(85) 0.88161(64) 0.90113(36)

@ (2+1)-flavor Wilson-clover gauge ensembles by CLQCD collaboration
@ Similar pion mass ~ 300 MeV, volume ~ 2.5 fm, more fine lattice spacing =

continuum limit

@ Charm quark mass ap. is tuned by physical J/i mass
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Computational Resources

"SongShan” supercomputer at Zhengzhou University

@ The queue vipl is only used for lattice study

) BEBASY  SUEEHE: 2024-04-16 10:30:55 .
vip1 =i 397
Hygon 7185 32C 4DCU_12 B 400
8G EHRL: 0
- B
| AmEE | FEEE
CPU ER
#SEF: /public/share/mengyu
£ 0.00%
12800 1600 00(68)
AAZESR: /public/home/mengyu
- SR 84.41%
i 12800 f-E8: 1600 :
422991.56 (GB)
® s em s e

@ Propagator storage in this work: 1.33P
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@ Correlated fit to a constant at suitable time region ~ [0.8,1.7] fm for all ensembles

@ A polynomial form F;(¢?) = dio) + dgl) -q¢® + dEQ) - ¢* describes lattice data well
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% 2 P~ —
= 1 ¥ Cont.Limit 0.97 i ¥ Cont.Limit
315 . 5 osess {
QT £ 0.9696 3
! = =
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@ The branching fraction with Vo5 = 0.975(6), V.q = 0.221(4)

Br(J/t) = Dseve) = 1.90(6)stat(5)v,, x 10720
Br(J/v¢ — Deve) 1.21(6)stat (9)v,,, x 10711

@ The ratio between p and e
Rjyp(Ds) = 0.97002(8)stat
Rjy/p(D) = 0.97423(15)stat
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Differential decay width

@ The polynomial g2-expansion

Mmax
FD/Ds (a2,q2) _ Z (cn +dna® + fna4)q2n
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ntial decay width

%1074

I //y — Dev.

0 0.5 . ) 1 15
¢*[GeV)?

@ The experimental inputs m j,y, = 3.09690(1) GeV, mp, = 1.96834(7) GeV, and
mp = 1.86966(5) GeV

@ A potential test by future Super Tau Charm Facility with expected 102 J/1) samples
Front. Phys. (Beijing) 19, 14701(2024)
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Relationship with traditional approach

@ The traditional parameterization for P — V semileptonic decay

V(e MW IPG)) = epapseals’s Vo' 5% +20M Ao (g >%qu
+ (M +m)Ai(d?) [eu(p',/\) - e(pl’q#qu} - A2(<12)% [pi‘ + Py — #q“}
@ with a kinematic constraint Ag(0) = erMA (0) — (0)
@ Relationship with the form factor F;(i = 0,1, 2, 3)
A = ij:M, Az = th]]\\;(mF2+MF3)y V:%Fo

@ Numerical simulations get F>(0) ~ 0, leading to the kinematic constraint on
Ao, Al, AQ above
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Finite-volume effects

x10° i .
G i=1 o
¥ =2 =7 7
2 % ?:Z = 705&.&‘“ Iy = ‘m/ry(]mry‘/;u/(fs T)
i— . X =
= 1rF ishpsl LT ;é L= (3“14” (? t)
2o sosgeil s Ly = Ao(@.)
L R . Iy = 2;A40,(7, 1)
&4 o * 1 = i
8 ee:gg < T 4= .E.L'A,L'n(.f, t)
2 0 - 3 Z
2zesseeeeeeeeeeeeeeeessee 5= MTLTJAM(f* t)
atlane s
3 ******k
0 05 1 1.5 2
| frm]

@ The contribution of |Z| Z 1.5 fm is much small, finite-volume effects are under controll
@ Combining with our checks on 7 — 27 and D} — D7 in the same way, the replacement

Hf,,(f, t) — H,,(Z,t) is straightforward when the intermediate state is charm or heavier.
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Discussion

@ The method can be applied to various P — V semileptonic decay, for example,
Ds—¢,D—K*\B— K" B—D" B—J/, - -

@ When the final state is a light hadron, e.g. ¢, K™, the exponentially suppressed
finite-volume effects may not be ignored. In that case, one can use, for example,
the infinite volume reconstruction method to deal with the problem.

@ With the potential input of future experiments, the lepton flavor universality can
be checked and the CKM matrix element V. () can also be extracted.
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High precision flavor physics

e Light, strange and charm quark included (point+wall propagator)

e Calculate arbitrary three-point function
o Five lattice spacings for continuum limit

e Physical pion mass extrapolation

o Total:

Symbol a(fm) L3 xT mx(MeV) | N.x N; | Disk(T)
C24P29 | 0.10521 243 x 72 292.3(1.0) 200 x 72 90
E28P35 0.08970 283 x 64 351.4(1.4) 150 x 64 85
F32P30 | 0.07751 | 323 x 96 | 300.4(1.2) | 150 x 96 | 285
G36P29 | 0.06884 | 363 x 108 | 297. 2(0.9) 150 x 54 256
H48P32 | 0.05198 | 483 x 144 | 316. 6(1.0) 80 x 72 576
C48P14 | 0.10521 483 x 96 136.4(1.7) 80 x 96 512
F48P21 | 0.07751 | 483 x 96 | 207.5(1.1) | 80 x 96 512
2.3P
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Conclusion and outlook

@ Conclusion

o We present the first lattice calculation of J/¢ — D /D, semileptonic decay
using Wilson-clover gauge ensembles by CLQCD.

e Branching fraction of J/¢ — D/Ds are determined as

Br(J/v¥ — Dseve) =
Br(J/¥ — Deve) =
Rj/y(Ds)

Ry (D)

1.90(6)stat (5)v,, x 1070

1.21(6)stat (9)v,, x 10
0.97002(8)stat
0.97423(15)g¢at

—11

@ The method can be generally applied to various P — V' semileptonic decay.

@ Outlook

o The effects from the neglected disconnected diagrams, the quenching of the
charm quark, and nonphysical light quark masses are considered in the future.
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Thank you for attention!
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