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The most important tasks in charm physics over the coming 10-20-30... years are:

« To characterize better our only signal of direct CPV (i.e. AAsp),
to find new manifestations of direct CPV, and reach consensus
on whether these signals can be accommodated within SM;

« To advance our search for CPV in mixing-related phenomena (at the
same time, improving still more our knowledge of the mixing parameters);

* Improve our sensitivity to charm FCNCs & search for effects of New Physics.

by Guy Wilkinson, Charm 2023, Siegen

* Better determination of the CKM matrix elements |V ;)|



Super Tau Charm Facility (STCF)

A factory producing massive tau lepton and hadrons, to unravel the mystery Quarks
of how quarks form matter and the symmetries of fundamental interactions u

e

A Damping Ring Collier Rinés
_L1near Accelerato‘ll'\_‘ - 800-1000 m

Letons

New:generation

,n gﬁ-n;ﬁ?-’ 7 ; 9 :}__‘\Strometer

« E=2-7GeV, L>0.5x10% cm2 s
* Potential for upgrade to increase luminosity and realize polarized beam
« Site: 1 km?, Hefei’s suburban "Future Big Science City"
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Acceptance: 94% X 4m
Momentum resolution: o, /p =~ 0.5%@1 GeV

Energy resolution: o /E = 2.5% @1 GeV
Hadron ID: 7 /K =~ 40@2 GeV
Muon ID: efficiency > 95%, mis-ID rate < 3% @1 GeV

Inner Tracker
B MPGD: cylindrical uRGroove, g,,~100 pm
B Silicon: low-mass MAPS, < 0.3%X,/layer
Central Tracker (o, /p = 0.5%@1 GeV)
B Drift chamber with super-small cells, g, < 130 um
PID System (/K = 40@2 GeV)
B Endcap: DIRC-like TOF-DTOF (g,~30 ps)
B Barrel: RICH (< 4 mrad) or DTOF (g,~30 ps)
EMC
B pCsl+APD: (05 /E~2.5%,0x~5 mm, at~300 ps @ 1GeV)
Solenoid: 1T
Muon Detector (eff.>95%, mis-rate < 3% @ 1 GeV)
B Inner layers: glass RPC, > 300 Hz/cm?
B Outer layers: scintillator strip +SiPM, ~2.4 cm

Trigger, DAQ, Clock and Data Transmission

Beam background at the innermost layer
~1 Mrad/y, ~1 x 10! 1 MeV n — eq/cm?/y, ~1 MHz/cm?
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Physics opportunities

5 e | Unique Features in t-charm region:
Z k¥ pluto  Transition region between perturbative and
A ;= KEDR non-perturbative QCD
1 | Opportlélnitieﬁ | + Threshold effects and quantum correlation of
3 I ‘ ‘ i in 5"’7§ GeV | 1 pair production of hadrons and tau leptons
: | L ‘ : * Rich resonance structures, large production
i-l[".]. 4.]’,1,’.1.[. . -;;JFP.}* i ‘L Y cross section for charmonium(-like) states and
2 e s un B WL O Y IS A cross.
4
in A i i
\s (GeV)
Hadron form factors « Light hadron spectroscopy * XYZ particles « Complete XYZ family
Y(2170) resonance « Gluonic and exotic states * Physics with charm hadrons * Hidden-charm pentaquarks
Mutltiquark states with * Processes of LFV and CPV * fpand fp_ « Search for di-charmonium states
s quark - Rare and forbidden decays « D° — D° mixing * More charmed baryons
R value / g-2 related « Physics with t lepton « Charm baryons * Hadron fragmentation
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Data production
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Light hadrons Tau lepton Hadrons with 'charm quarks

® About 1 ab-! integrated luminosity at STCF per year

® STCF shows superior purity compare to other experiments for
charm physics studies

® The physics sensitivity studies are based on, but not limited
to, data samples of these size
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https://arxiv.org/abs/2303.15790
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Jy  y(3686) X(3872) Y(4220) Zc(3900)
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||
Exotic hadronﬁ

Hadrons with ‘charm quarks

About 1 ab-! integrated luminosity at STCF per year

STCF shows superior purity compare to other experiments

The physics sensitivity studies are based on, but not limited to,
data samples of these size

The charm hadrons are produced in pair, unique for
measurements with quantum correlation and of invisible
particles

CME (GeV) | Lumi (ab™) Samples o(nb) No. of Events Remarks
3.097 1 I 3400 34x 107
3.670 1 T 24 24x10°
(3686) 640 6.4x 10"
3.686 1 ™ 25 25%10°
W(3686) — 1" 2.0x10°
[ D'D° 3.6 3.6x 10° \
DD 28 28x10°
3.770 1 D°D° 79x 10 Single tag
D*D” 55x10° Single tag
T 29 29x10°
DD +c.c 40 14x 107 CPpom = +
DD+ cc 40 26x10° CPpoy = —
4009 1 DiD; 0.20 20x 103
™ 35 35%10°
D D5 +cc. 0.90 9.0x 10
4.180 1 D¥*D; +ce. 1.3x 108 Single tag
36x10°

DX

4.230 1 ' 3.6 3.6x 107
yX(3872)

Y(3686) ™ 0.058 58% 107

4.360 . ' 35 35x%x10°
Y(3686)r 0™ 0.040 4.0x 107

4420 ! ' 3.5 3.5%x10°
Iﬁﬁﬁﬁﬁif"— 113 FETVET

4.630 - g
1 AcAe 0.56 5.6%10

AA, 6.4 x 107 Single tag
T LX) TR0

4.0-7.0

2-1

300-point scan with 10 MeV steps, 1 fb™" /point
Several ab™" of high-energy data, details dependent on scan results
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Charm mixing and indirect CPV

Loop level short-distance distributions Long-distance contributions at the
are at the level (x,y)~1077 level (x,y)~1073 c u

djs}b \\ /—)‘\ /
C > - > u Phys. Lett. B 810 (2020) 135802 Do nn.KK, ... o
Chin. Phys. C 42 (2018) 063101
DY 117% 1% Do Phys. Rev. D 81 (2010) 114020 v
u C

Phys. Rev. D 65 (2002) 054034

! - c arXiv:1503.00032
DO > f
® Type 1. CP violation in mixin +
yﬁ Mass eigenstates are nc?t |é9||3 eilgqelnstates \ EO /
® Type 2. CPV due to interference between mixing and decay Im (g%) + Im (g%)
® Non-zero ¢ for% = ‘% el®
® Type 3. Interference between charm mixing and kaon mixing / 7 I My
<

PRD 110 (2024) L031301 a0 T My 9



Charm mixing study with quantum correlated DD

 Neutral DD pairs produced by ete~ annihilations
near threshold are in QC state with ¢ = (—1)"*1,
n is the number of accompany photons

. @3770 MeV
C odd fore*e™ —» DDV
« @Higher energy points
Cevenforete™ - D'D*® + c.c.—» yD°D°
ete” > DD +c.c > yn°DODO
Phys. Rev. D15 (1977) 1254 C odd forete™ - D°D*® + c.c.-» n'D°D°
ete” > D*D*0 + c.c - yyD°D"

ete" > DD*0 4+ c.c - t°7°DOPO




Quantum-correlated double decay rates

[(fu £2) o 3G + y2)(Apol? + [Apol? + 2R poRpoAnodpo)
+(2 =3(x* —y?))(1 + 2RpoR50Re(Ap0d50) + |ApoAd50]%)

C-even
—4y[Rz0(1 + |Ap0]|*)Re(A50) + Rpo(1 + |A50|*)Re(Ap0)]
—4x[R50(1 — |Apo|*)Im(A50) + Rpo(1 — |A50|?)Im(Ap0)]

C-odd (f1, f2) < (x* + y*)(|Apo|* + |A50|* — 2RpoRpoRe(ApoAp0))
+(2 — (x* = y*))(1 — 2RpoRpoRe(Apodpo) + [Apodpo|?)

m )[Do =1y, | % |e—i(5£1+¢) /150 — 1/rf2 | s |ei(5£2+¢)
u 6{;: CP-conserving strong-phase difference
B ¢: indirect CPV phase, |§|: indirect CPV
® Exploring the QC in DD decays allows to extract the mixing and indirect CPV parameters

along with CP-conserving strong-phase differences with time-integrated decay rates
® The C-odd and even DD decays can be separated with a proof-of-principle study at BESIII

(Shunan’s talk) .



Analysis strategy

K¥r*nY tag modes
OS K*natn,Kna, K*n*

Fl . . .
WOUL 1S KFntntn, K¥ntn0, K nt
even i, ntn, KYK-
CP 0.0 0,7
yntm
Self-conjugate Kgﬂ ik

ete” - D'D*Y + c.c.
Nip = 2N propoly (S, T)edrBF (D*® - yDO)
NS—,T == ZND*OEOF_(S, T)EST,TBF(D*O — T[ODO)

F+(S’T) . N:SI_,TG:SI:’TBF(D*O—))/DO)
_(ST) NgregrBF(D*0->n0DO)

y-tag method n-tag method

ete” - D'D*% +c.c
Ng'7 = 2N propoly (S, T)edBF (D™ - yD®)BF (D*° - n°DO)
N7 = Npopol'_(S,T)esBF(D*® - n°D®) BF(D*° - n°D?)

F+(SJT) . N;_"TG:SI'_’TBF(D*O—)ﬂODO)

[_(ST) 2NgresrBF(D*0-yDO)
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Prospects of charm mixing and indirect CPV at STCF

S )
& i CPV allowed 5}
F O LHCLPAPER-2L03 T T ] = Feiwdorrarerioos T LI \I;:» I Eﬂ llc
(.75 0= LHCh-CONF-2022.003 %E}'ICb_ S 2 I LHCI» CONF-2022.003 [LI{[Cb' 0.7 L "g 20
U LHOB-CONF-2024-004 Sm:':;ggg 1 [ [0 LHCh-CONE-2024-004 S:Em:l:n;g: 0 = N
- o ] N No CPV sssissize. 1 - . a | 30
o f g - 1 0r > “Spa . - =
0.70 N e . ] I ;’/ﬂ/{ T . ] r \-?: r
L s e Y ‘ P o _ i i
0.65F A s N\ ] i " v : I < oF
i i 3] ol I i ] o L
TN QNG : LA Q= 1 osf I
0.60- L . ____T_‘-{;i—_'_‘ . I L% e 1 i
i —— 7 (.' el - L l15 r
r i ] i ] F F
0.55F - [ ] 04 - 26 L
r 1 [ ] [ STCF1ab -10
T T S S Y [ T Y I S S o R S I B W ST AV O Y 3o L
0.2 0.3 (0.4 .5 0.6 0.050 —0.025  0.000 0025 0.050 i i
T [[’J{] |qlf'lr;”| _ l 03 o b b b s b b a byway L L - L L L | L L I L | L L
LHCb-CONF-2024-004 0.1 0. 03 0. 05 06 0.7 038 —0.1 0 0.1

x(%) arXiv: 2502.08907 lq/pl-1

x=(41+0.5)x 1073 x = (?40.36) x 1073
y =(6.19 + 0.21) x 1073 y = (?+40.15) x 1073
lq/p| = 0.98415:212 lq/p| =?+0.028
arg(q/p) = (—1.60%1;; 0 arg(q/p) = (7 £2.14)°

® A combined study of double-tagged Knr®, Knmr and Kdntn~ decays, dominated by Knr®

® Belle Il could finally reach o(x)~0.028% and o(y)~0.023% with Kdn*n~ decay only by scaling the existing
measurement results, see also in arXiv: 1808.10567 13



LHCb upgrade |

VELO: new silicon pixel detector

UT: new silicon strip upstream detector

SciFi Tracker: new scintillating fibres downstream detector
RICH: new mechanics, optics, photodetectors

New frontend electronics and new DAQ for all sub-detectors

Side View ECAL HCAL ot M5
M3
Magnet SciFi ~ RICH2 M2
Tracker
1 //RICHI - T

Candidates / (0.156 MeV/c?) Candidates / (0.156 MeV/c?)

Candidates / (0.156 MeV/c?)
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LHCb upgrade |l

CERN/LHCC 2021-012
\‘\5‘ LHCb TDR 23
- P 24 February 2022

LHCb
UPGRADE

Technical Design Report

s - - -
o L) =} (=]
LS1
LS2

N =]
_JIIIIIIIIIIIIIIIIIIIIIIIIII
*? RERN RN ELEE ERRN RLLN R

=
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Max Luminosity [10%/cm?/ s]
—
[\

Run 2

i

Run 5

Run 6

0 1 1
2010 2015 2020

2025

2030

2035

Year

300 =

250

200

150

Integrated Luminosi

100

50

Table 2.3: Integrated luminosity to be collected at LHCb by the end of LHC Run 6. Values
are given assuming three years of operation in Run 6. All values assume the vertical crossing
scenario and numbers are given for three targets of levelled instantaneous luminosity.

LHC Run Year Integra ity b1

em~1s! 1.0 x 103 !1‘5 X 1033 2.0 x 103
Run 1-4 50 50
LS4 — — —
Run 5 Year 1 21 25 26
Run 5 Year 2 43 50 51
Run 5 Year 3 43 50 51
LS5 - - —
Run 6 Year 1 43 50 51
Run 6 Year 2 43 50 51
Run 6 Year 3 43 mo— 51
Total 284 325 331
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Charm CPV in LHCb upgrade | and |l

additional modes such as DY — KTn*7 7~ [3]. With the precision on |¢/p| and ¢p reaching
0.0020 and 0.15°, respectively, with 300 fb—!, LHCb Upgrade II is the only planned facility with
a realistic possibility of observing CP-violating phenomena in charm mixing.

g 1 Current LHCb 23t [ 300!
L
N it ® The strong-phase inputs have an uncertainty
L contribution of (0.23,0.66, 0.04, 0.08) x 103 for
- b (x,y,Ax,Ay) [PRL 127 (2021) 111801]
$§7° 4 { ® In STCF, it dominated by Krr?, still complements to the
= studies at LHCb
-4 4 ® As a comparison, o(|q/p|)~0.028 and o(arg(q/p))~2.14°
51 Nl - for STCF, an order of magnitude larger than that in LHCb
—GL__ Solid (dashed) contours contain 63.3% (954%) due to three (or more) orders lower in statistics
0.96 0.98 |;;Jg| 1.02 1.04

® STCF could still be critical to provide inputs of strong-phase differences between D° and D° decays
® Currently, BESIII provide these inputs to charm mixing and indirect CPV studies in Belle Il and LHCb

16



Status and prospects of strong-phase measurements

B Quantum correlated DD pairs produced at threshold in e*e™ colliders provide best
constraints to the strong-phase differences

B Currently BESIII provide these inputs, the uncertainty of strong-phase inputs will be
further reduced by STCEF, providing more precise inputs for LHCb Upgrade and Belle |l

Decay Strong-phase BESIII BESIII
parameters 2.93 fb~! data Status
K mtm™ Ci, S PRL 124 (2020) 241802 JHEP 06 (2025) 086
PRD 101 (2020) 112002 20 fb~! ongoing
K KTK~ Ci, S PRD 102 (2020) 052008 20 fb~! ongoing
Kintntn~ ép, Rp JHEP 05 (2021) 164 8 and 20 fb~! ongoing
ntn i~ F*/c, s; PRD 106 (2022) 092004 20 fb~! ongoing
PRD 110 (2024) 112008
K*K ntmn~ F*/c, s; PRD 107 (2023) 032009 ci, ;- arXiv: 2502.12873
Kdn*m—n® F*/c, s; PRD 108 (2023) 032003 ¢i, Si: ongoing
K*ntm® ép, Rp JHEP 05 (2021) 164 8 and 20 fb~! ongoing
K*nt ép EPJC 82 (2022) 1009 20 fb~! ongoing
Higher energy points: arXiv:2506.07906
KOK*m™T Sp, Rp — 20 fb~* ongoing
ntn n®, K*K n° F* PRD 111 (2025) 012007 20 fb~1 ongoing

17



Direct CPV

AAcp Ar et
(D° > K*K~,n*n™) (D° > K*K~,n*n™)
LHCb Current 29 x 107° 11 x 107>
LHCb Upgrade | 13(8) x 107° 5(3.2) x 107°

LHCb Upgrade |l 3.3x107° 1.2 x107°
STCF ? ?

107

® The CPV effects in neutral D-meson decays can be examined
with CP-forbidden quantum-correlated DD decays at STCF, eg.
(CP +)p(CP +)p in C—odd data samples and (CP +),(CP +)p
in C—even data samples

® The spin-correlated charmed baryon pair could have ST ee—
comparable sensitivity of CPV with longitudinal electron beam
polarization 107

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

A

o(a, )

0 2 4 6 8 10
Luminosity (ab™)
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Rare charm decays

)

'—\
o
|
—
—_

—_
<o
|
[a—y
(W]

AB(D* — 7t ) / dg? [GeV2)]

'—\
o
|
—_
o

non-resonant SM

resonant SM

o
—_

¢* [GeV?]

Bause et al., 1909.11108

102
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Cabibbo favored
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/tﬁ
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1077
10-¢
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|0-II
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Forbidden decays: LNV, LFV,BNV D — (hh)e*e* / (hh)u'u®

Radiative decays

Long distance:

D" —K 'ylgy!pyloy

STCF: c - yu

D' —K"ylp'y D;—=K"ylp'y

Vector meson Dominance D’ — yy /VV'(— 1)/ hV (= Il)/ hh'V (= ])

Short distance FCNC  D°/D* — yy /VI'l” | hI*l” | hRR'T'T

D() 2 g H+M_

D’ —e*e”

D — (h)u'e

STCF, LHCb: ¢ > uete™

LHCb: ¢ > uu™u~

STCF: ¢ - uvv

~

/

® FCNC decays of up-type quark that couples to New Physics particles

® Long-distance contributions should be separated by angular analysis if there were enough event yields

19



Unique rare charm decays in STCF

BESIIl ¢ = uvy BESIII detector

: paa  meeees Wrong tags
ng tag
—— Total fit + - - - - Other D° decays RPC: 9

] Electro Magnetic
Signal Shape layers ‘

SC
Solenoid

Events / 40 MeV

Barrel

/

2F 1 _é

2 oby ity b o
0 02 04 06 08 1 12 14l 16

PRD 105 (2022) L071102

® The extremely clean environment, enhanced by the ability to perform double-tag analyses

have allowed for some very competitive and unique results
® Have to deal with overwhelming SM background

® Expect to be better suppressed in STCF with new detectors and analysis techniques
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Precision measurement of |V 4|

BESIII+B
|Vual = 0.97367(32), |V,5] = 0.22431(85), |V,,,| = 0.00382(20) factories+LQCD

V.4l =0.221(4), |V.|=0.975(6), |V.|=0.0411(12)

BESIII precision <2% Vg = 0.0086(2), |Vis| = 0.0415(9), |V,] = 1.010(27)

® Key ingredients to test CKM unitarity and probe new physics
® Besides the CP-violating phases in the charm CKM triangle Vi Veq + VisVes + Vi Ve = 0, [Veacs|

are also key parameters
VU*S‘/CS

Vu*d ‘/cd




Test of lepton flavor universality in semi-leptonic decays

D+ D° D;F

~

B(D* - ttv,) B(D - Xpu'vy,)

R = —
TET B(DY > ptvy) Ruse B(D - X e*v,)




Existing results of V.45 | at BESIII

I I [

| | [ |
l"l'El’ZOZ,’.( 2022)083C01

| | ! I [ I

| I I I I I I I | I I T I T T I | I I
CKMfitter PDG 0.22486+0.00067 '
HFLAV21 PRD107,052008  0.2208:0.0040 "
BESII PRD92,072012,we*, 0.2278:0.0034+0.0023 &
BESHI PRD96,012002,x%", 0.2243:0.0058+0.0026 ™
BESII PRD97,092009,ne*v, 0.2264+0.0338+0.0318 +—+—t
BESHNI PRL124,231801,nu*v, 0.242+0.041:0.034 ——
BESII PRL124,061801,K"v, 0.217:0.026+0.004 b——t
BESII PRD89,051104,u*v,  0.2165:0.0055+0.0020 ™
BESHI arXiv:2410.20063,v  0.216:0.012+0.006 e
?ESIIII | ar?(ivT241|0-0;162?,qu cI).22|421|o.01323Iio.olm1I | . (Im;z%
-0.6 -0.4 -0.2 0 0.2
IV |
cd

CKMFitter 0.97349+0.00016 .
HFLAV21 PRD107(2023)052008 0.9701+0.0081 .
CLEO PRD79(2009)052002, t.v 0.981+0.044+0.021 i
CLEO PRD80(2009)112004, TV 1.001+0.052+0.019 i
CLEO PRD79(2009)052001, t.v 1.079+0.068+0.016 ——i
BaBar PRD82(2010)091103, T,V 0.953+0.033+0.047 HeH
Belle JHEP09(2013)139, T, .V 1.017+0.019+0.028 ot
BESII 6.32 fb! PRD104(2021)052009, t.v 0.97240.023+0.016
BESIII 6.32 ! PRD104(2021)032001, 7v 0.980+0.023+0.019
BESIII 6.32 fb! PRL127(2021)171801, t,v 0.978+0.009+0.012 =
BESIII 7.33 fb! PRD108(2023)092014, t,v 0.993+0.015+0.013 -
BESI 7.33 ! JHEP09(2023)124, 7,v 0.987+0.016+0.014 ™
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016  +=4
BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 e
Belle JHEP09(2013)139, nv 0.969+0.026+0.019 [
BESIII 0.482 fb! PRD94(2016)072004, pv 0.956+0.069+0.020 +——
BESIII 3.19 fb! PRLI122(2019)071802, pv 0.985+0.014+0.014 ™
BESIII 6.32 fb! PRD104(2021)052009, pv 0.973+0.012+0.015 =
BESIII 7.33 fy!  PRD108(2023)112001, pv 0.968+0.010+0.009

BESIIT Combined
BESIII Combined

| | |

0.9831+0.0068+0.0080 -
0.97741£0.0056:0.0072 «

| | | | I

Vel

0 1
With the highest precision: 0.9%

® Most of the systematic uncertainties in STCF can be reduced as the dataset increases
® Precision of |V.¢| would reach 0.2% in D — u*v in STCF [EPJC 82 (2022) 337]

® The LatticeQCD calculations of form factors in semi-leptonic decays should also be improved? 23




Timeline of STCF

LHCb Upgrade | LHCb Upgrade Il

STCF 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034-2049

o= [
NN

Construction

* I
EEEEREEE

Operation
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Conclusions

® Excellent prospects in the following decade from LHCb Upgrade Il and
STCF

® STCF is complementary to upgraded LHCb (Belle Il, and etc.) in terms of
charm mixing and CPV studies, benefitting from quantum correlations
and providing essential inputs of strong-phases

® Clean near-threshold data produced by e*e™ collisions should be able to
produce unique results of search for rare decays

® The CKM matrix elements |V,,4(5)| can be measured with a precision at
1073 level in STCF
Thanks!



Charm mixing

Mass eigenstates: |p,,) = p|p°) + q|D°)
Time evolution of an initially fIavour eigenstate D meson:

[Dphys(®) = g+ (O[D°) + 7 g_(©)|D°), [Dypys () = g, (£)[D°) + g_(8)|D°)

g+ (t) = exp(—(im +T'/2)t) cosh((iAm —T/2)t/2) m=(m;+m,)/2,Am =m, —my
g_(t) = exp(—(im +T'/2)t) sinh((iAm —T'/2)t/2) r={;+0,)/2,AT=10; — T,

. _ Am AT
Charm mixing parameters: x = — Y =
Short distance contributions Long dlstance contributions
loop level (x,y)~10~"7 (x,y)~1073
d,s,b ¢ !
¢ — } —u Phys. Lett. B 810 (2020) 135802
) y Chin. Phys. C 42 (2018) 063101 p° \/;\/ D
D W W D Phys. Rev. D 81 (2010) 114020 /\J\
@ : Phys. Rev. D 65 (2002) 054034 & ¢

d,s,b
Plots from
arXiv:1503.00032
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Precision test of LQCD calculations

Purely leptonic decays Semi-leptonic decays

G2 2 2 ar _ Gip® 2 2
F(D* = Uvp) = == Veaeo)| mimp (1 - —5-)7 a2~ “2am ["Veacs|

D+
Decay constant P /I Form factors
LQCD calculations

[ D - €+Vg
D - Pesudoscalarf®v,

>
| »
| > D - Vector¢*
Probe the nature of light mesons like f,(500) / a,(980) / K1(1270)...<[| > Do S::I::p:;
| >

D — Axialvector{*v, |




Decay constant f 5+ and |V,.4| with D™ — [Ty,

T T
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I I

FMILC(2+1+1) PRD98(2018)074512

FMILC(2+1+1) PRD90(2014)074509

PRD91(2015)054507

LATTICE2013(2014)314
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FMILC(2+1+1) LAT2012(2012)159

I I I T T

212.1+0.7 .
212.7+0.6 .
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fy- (MeV)
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IVch

Precision of decay constant and |V,;| reach 1.2%
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Decay constant f,+ and |Vs| with Dg” — [Ty,

’ll | | | | j I_ | | | 4] | I T | 1 ] 1 1 1 . I 1 | ; | ] 1 | | 1 I
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1
With the highest precision: 0.9%
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