A precise determination of D} radiative decay width from lattice QCD
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D decay mode

DE 1un-o)

JP is natural, width and decay modes consistent with 1.

D+ MAsS

2112.2 + 0.4 MeV v
Mp—mp: 143.8 = 0.4 MeV v
D:‘ WIDTH < 1.9 MeV CL=90.0% v
D;* DECAY MODES

Dy~ modes are charge conjugates of the modes below.
) Scale Factor/

Mode Fraction (T'; /T) Conf. Level  P(MeV/c)
I Diy (93.5 4+ 0.1)% 139 v
o Din® (5.8+0.7)% 48 v
T3 Dyete” (6.7+1.6) x 10 * 139 v

@ No absolute measurements, above branching fraction are determined by two relative measurements
Ree = T(D!— Dsete™)/T(D: — Dsy)
(D} = Dsn%)/T(D} — Dsy)

RDSTFO
assuming no other decay mode exists.

@ Total decay width of D} is experimentally unknown.
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D7 leptonic decay

@ Decay width of D} — Iy is

2 2
. G? m? m?
(D = ly) = ﬁmﬁf%gm%g (1 — m; ) (1 + —1

@ Branching fraction first determined by BESIII

Br(Dyt — etve) = (215055 +0.24.) x 107°

o Total decay width of D7 is essential to extract fp«|Ves|, playing a important role to test
the standard model.
e Radiative decay D} — Dy can be used to estimate the D} total decay width.
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Phenomenological studies

e DY — Dy

Method I'p, . (keV) Refs

xPT 4.5
xPT 032403
LFQM  0.18 +£0.01
RQM  0.32115:00

QCDSR  0.25 +0.08

QCDSR  0.51+0.15
NJLM 0.09

NRQM 0.21

NRQM 0.4
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Lattice result

e HPQCD, HISQ fermion with pion mass ~ 300 MeV, a ~ 0.12 and 0.09 fm, each ensemble
with statistic ~ 2000 x 4
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o I'p., = 0.066(26) keV,
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@ Branching fraction first determinted by BESIII

Br(Dit — efre) = (217553, +0.25) x 107°
e HPQCD,
I'p,y = 0.066(26)keV
@ Combining the above results, it arrives at

42-75yst. — 9-95yst.exp41-5syst.latt I

Is|Ves| = (20795305, & 42 Toyss )MeV

with
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Our target

o CLQCD gauge ensembles

@ Existed ensembles
Data generating

® & @
o @ e
280

Parameter Tuning

To be generated in the future

[ ]

1200 MeV. .

—- 100 MeV

0 0.05fm 0.10fm 0.151m

, much effort from Ming Gong,Liuming Liu,Peng Sun,Wei
Wang,Yi-Bo Yang et al.

e Statistical error < 10% < 40%(HPQCD)
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Computational Resources

"SongShan" supercomputer at Zhengzhou University

@ The queue vipl is only used for lattice study

) TIARBASY  siEEsTRE): 2024-04-16 103055

®sm @mET @ mAr w5
vip1 s 397
Hygon 7185 32C 4DCU 12 SSs: 400
8G SEHRLS: 0
-
| TREE | AR
CPU pIESS
$#FER: /public/share/mengyu
BH 0.00%
12800 1600 00(68) 500 (G8)
AAXBR: /public’home/mengyu
2R 84.41%
et 12600 R 1600
422991.56 (GB) 501110.0 (GB)
° s e’ o Tm em

@ A small step now, a promising future(total 3800 nodes and 100PB storage at Zhengzhou
University)

7/16



Lattice setup

Ensemble C24P29 F32P30 H48P32
a(fm) 0.10530(18) 0.07746(18) 0.05187(26)

afLs -0.2400 -0.2050 -0.1700

afte 0.4479 0.2079 0.0581
L*xT 243 x 72 323 x 96 483 x 144

Netg X Nee 450 x 72 377 x 96 306 x 72
m.(MeV)  292.7(1.2)  303.2(1.3)  317.2(0.9)
my(MeV)  3098.6(0.3)  3094.9(0.4)  3096.5(0.3)
t 318 2-22 8-30
Zy 0.79814(23) 0.83548(12) 0.86855(04)

@ (2+41)-flavor Wilson-clover gauge ensembles
@ Similar pion mass ~ 300 MeV, volume ~ 2.5 fm, more fine lattice spacing = continuum
limit

@ Each ensemble with the statistics 3-4 times larger than HPQCD.
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Methodology

@ The effective form factor

2Vert (%)
(Ds(p)|J5™(0)|D} ,(0")) = mewaﬁpal’lﬁ

@ Scalar function method

~(mo. M), g,

VEH(qQ) - QZD mpx

X

® o i(pllE)
= 1 g em *
/ d3x |I7Hf| 6Nuaoz‘3‘<0|(9Ds (I7t)‘]l/ (O)le,‘u(p/)>

with ¢ = (mpx — Ep.)? — |pl%.
e Zero transfer momentum p'= (0,0, 0) is projected directly, which is missed in the traditional
way.
o Finite-volume effect is exponentially suppressed and also easily examined with an integral
truncation |Z] = R.
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Spectrum of D! and D

cowz Fizpso stz
H - H s58| 2,
1115 0.824] . $
ose et
oss4
. ! ooz -
1074 T mp|" T mp,
1072t ¥ ores X
frp 7 Somm 1
Vg I I
- e e T fidkiees -
C24P29 09
2
e - o
cererTagy { . srazag i
. . 057 P o serrs
o R - rm,,,ux“xxx,x:ﬁnizgHH s S Ty R R
gom ] o
"fsz.ecosvoommm rrrTIII e #RuEaawnIess ¢ nreaupenally, aTTERTT oss HE O ST ey T T
TYPYTFTFeewTer e T ER T Y A T T T TSP Py ey VTR |
“»é@eééeaeeeaursgg‘ggsﬂJ 078 & 052

0 15 20 25 a0 5
tminja

o Extracted by correlated fit within the range t € [2.3, 3.4]
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@ The far right points are missed in traditional extrapolation. Vg(0) is strictly constrained
by Veg(62m).
e Note ¢2 = (mps — Ep)? —|p1? = 6?mas|p] =0

@ New method has a unique advantage in precision calculation.
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Continuum limit

¥ This work .
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a?[fm?] %1073
@ We obtain Veg(0) = 0.178(9) and the decay width
[(D* — 7Dy) = 0.0549(54) keV

with a much reduced stastistical error compared with previous 0.066(26) keV.
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New constraint on fp- |V

e BESIII+ HPQCD
fD;" H/cs’ - (2079t22§5tat + 9-95yst.exp =+ 41'5syst.latt)MeV

where 51! = 0.0700(280) keV.

e BESIII+ this work

Ipz
where 51 = 0.0589(54) keV.

Ves| = (19055507 9. Lgyst.exp £ 8. Tsystlart) MeV

13/16



Dalitz decay D} — Dsete™

@ The third decay mode observed by CLEO, giving the branching fraction
Ree = [0.727015 £ 0.10)%
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e First lattice result R.. = 0.624(3)%, much precise than 0.67(16)%
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Finite-volume effect

o R-dependence of the quantity H(Z,t) = €ua02a(0|Op, (£, 1)J5™(0)|D;,(0))
@ Three volumes are 2.53fm, 2.48fm, and 2.49fm for L=24,32 and 48. Take L=32 with
t = 1.24 fm as an example
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@ R > 1.4 fm, the hadronic function has a negligible contribution.
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Conclusion and outlook

@ Conclusion

o We present a lattice calculation of D} radiative decay using Wilson-clover gauge ensembles
by CLQCD.

o After a continuum limit, we obtain I'(D} — D7) = 0.0549(54) keV with much reduced
statisticl error than before.

o Dalitz decay D¥ — Dgete™ is studied for the first time and the ratio is obtained as
Ree = 0.624(3)%.

o We determine fp-
Br(DH* — etre).

Vol = (190.553%1 4 12.6,5.) MeV with the experimental input of
41.7stat. Y

@ 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!



Autocorrelation
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Blocking Z(t, |p]) to check the potential autocorrelation effects.
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