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Standard Model in HEP

* Past successes in particle physics have revolutionized our understanding of
the universe... From P5 report

* The standard model (SM) is one of the “past” successes, but it’s not totally
understood. — Still many puzzles.

- The elementary particles and their interactions are demonstrated in SM.

Standard Model of Elementary Particles

INTERACTIONS OF THE STANDARD MODEL
(INCL. THE HYPOTHETICAL Graviton)
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Strong Interaction

* In SM, the quarks and gluons form hadrons through strong interaction.

- The mesons(gg) and baryons(ggqg or gqqg) are observed in experiments over past decades.

 Furthermore, people realized that there may
exist exotic states allowed by the QCD,

- Hybrid state, glueballs,

- Multi-quark state,
- Molecular state

* |n BESIII, hunting for these exotic states is
one of major targets, that could help to reveal
the nature of QCD.

- The huge and clean charm and charmonium data
will help a lot on these studies, such as J/y,

w(3686) and w(3770)...

Hybrid

Nature Rev.Phys. 1 (2019) 8, 480-494



https://www.nature.com/articles/s42254-019-0082-y

Strong Interaction

* |In SM, the Quantum Chromodynamics (QCD) describes the strong interaction
among quarks and gluons.

_ . 1
2z = 2 wq,a(lyﬂa,uéab R gsyﬂt;[;AﬂC — mq5ab)l//q,b — ZF;XUFA”U
q

2
8s . .
. lhe Ay = 4—S IS the strong coupling constant,
T

- Quantize the strength of strong interaction, and dictate many features of the strong
interaction.

- The a¢ is measured using many methods, such as hadronic 7 decay, PDF fits and EW
precision fit...

- In theory, the a¢ follows the RGE, “Rd,u—; = B(as) = —(boo + bray + baoig + - - )
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Strong Interaction

* In the region from m_to ~2 TeV, the o increases with the energy scale

decreasing according to the measurements.
- The “asymptotic freedom” and color confinement. »

""’ Larger?

L t decay (NSLO) ++
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~\ To David J.Gross, H. David Politzer,
and Frank Wilczek in 2004.

1 ¢ If Q goes below m_, what will happen

on a¢? Where does the logarithmic

dependence of a¢ disappear? what
can we use as a tool to measure the

a¢ below m_*?

4 The ¢ quark may be a good choice,
lighter than 7 but not too light.



https://pdg.lbl.gov/2024/reviews/contents_sports.html

BESIII detector

* [he huge charm data + excellent detector performance, provides good

potential to look into QCD.
 93% coverage of full solid angle

° GP, charged ﬂ‘k@ lGeV/C : 0.5%

< e o4y fOr electron : 6%
iy * OF in e @1 GeV/e:2.55)% for
Y barrel (end-cap) region.
caudupde . '_; =T T ﬂh@l\ e 0, .. toF - 68(110)ps for barrel
R etire Fow e, 1 (0101 5, 450404 (end-cap) region, the updated end-

cap gives 60 ps.

 The BESIII is still well-performed detector after 10+ years running.
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JIy and w(3770) at BESII!

. The BESIII has collected the (10.09 + 0.04) x 10° J/w sample and ~20.3 b~
€+€_ collision data Sample at 3.773 (5e\/.  chinPhysc46(2022)7.074001  Arxiv.2406.05827

x10° x10° — F T T T T T o 'X‘Lg & 1 '
é’ L ! | ! ! ! ! | ! ] I 1T 8 30 IOQ 1 N
— Bk J/J sample@BESII| 1o 5 _'8_ 2 ‘_L3.773 GeV sample@BESII _ 20?2-2525
"~ Nogog = 224.0 x 10° : = % Npopo, total = 73.29 x 10° \ : —:2 00
| Nzgi2 = 1088.5x 10° o2 .é’% Npp-,total = 57.38x10° / A T
Gt Noo17_2019 = 8774.0 x 108 § é | / : _f1_75
: 115 € e | - :
4t 3 = af 9 Jis0
- 110 : |
‘Largest on peak samp _ - 11.25
2 2 I
40.5 ! _
I | _ 11.00
ol 0.0 0 J1.0

009 2012

2017~201 2021.12~2022.06 2022.11~2023.06 2023.10~2024.02
Time Time

« J/y on peak sample : the world largest
Huge and clean

» 3.773 GeV sample : 10~20 X CLEO-c |
JinFei wluess background In ete™ collision 3 charm data@BESII| (= "3



https://doi.org/10.1088/1674-1137/ac5c2e
https://arxiv.org/abs/2406.05827v1

1" exotics at BESIII

e The JFC of the bump around 1.9 GeV is measured to be 1=, that is an iso-scalar
177 exotic state, named #,(1855), not a conventional ¢g state.
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PhysRevlett.129.192002

» The huge J/y data contributes a lot to this study.

Please see Prof. Beljiang Liu’s report for the details.
JinFei Wu 9 é &



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.192002

Glueballs at BESIII

* The search for glueball is one of the main target of BES, BESII, and BESIII
experiments, which is carried out by ~30 yeas.

 Recently, the JFC of the X(2370) is determined to be 0™, that is constant with the
pseudo-scalar glueball from LQCD calculation. eusreuet.iz218190

180:— ( a) x?In,, = 82.68/69 E
N . I { Data ] TABLE V. AThe mass of pseudoscalar glueball, m;, and the
L 160F | — mcprojection - form-factor ¥(0) of J/y — yG,,,. The continuum limits of m
o 140F I I I|' !?c'fgm““dt - and V(0) are achieved by linear extrapolations in a?.
o 1205 ,. S X(2370) - G 7 (0
5_ 100L I'll | | X(1835) 3 p mg (GeV) V( )
S oob | | Hl VI m E 2.4 2.724(18) 0.0307(59)
2 cof | } 1 c 0.8 2.550(13) 0.0294(32)
cHd T § . TR 3.0 2.464(11) 0.0247(33)
i 40F ¢ P R Continuum limit 2.395(14) 0.0246(43)

20F, oo, H S 2.560(35)(120) [2]
0' - T 0 P LT M e
. 2 2.2I\/I Ozf : Gze.\?/cgls 3 PhysRevD,100.054511 LQCD calculation

ysRevl ett.132.181901 ' K%K

» The huge J/y data also contributes a lot to this study.

Please see Prof. Yanping Huang’s report for details. ;
JinFei Wu 10 é &



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.181901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.181901
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.054511

States near pp threshold at BESII|

 Several structures near pp are observed in the decay of J/y.

| | | | | | | | | | | T T 1 T |
N PhySRe Lett132151901

—— PhysRevlLett.132.151901
PhysRevlLett.117.042002 A

wreenrozz 1o What are these states? pp bound states,

ez | glueballs, radial excitation of 7° meson?

PhysRevLett.106.072002
Chinese.Phys.C.34.421 2010

PhysrevLettot022001 4 A gjzable §§ component indicates more complicated

PhysRevLett.95.262001 -

PhysRevLett.107.182001 | nature

PhysRevD.97.051101
arXiv:2401.00918

Jb-vy3(mn) e Are these states related to each other?

JIP — yKsKsn

100}
_ *_4_
| Jp - ypp | - May need coupled channel amplitude analysis.
J - wmrmTn "

of ! -H
I JJU->vyyod
1800 1825 1850 1875 1900 1925
Mass [MeV]
 With J/y sample increasing, we could clarify the nature of these states

step by step.

300/

I [MeV]

200} |

pp threghold

——— e gEm e

T4+ LT 444

*

- Take J/W — 7/3(;;"'7[_) as an example. PhysReviett132.15190
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.151901

States near pp threshold at BESII|

In J/w — y3(x ), an anomalous line shape around 1.84 GeV is observed. The
mass spectrum fitting indicates there are two overlapping resonant structures.

1 state(Flatte formula) 2 states(interference)
- : i ?ta asul (@) - : 2 frtasul ()
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= = , ='=' non-resonant > - 2 . = interference term
) = 1500 Jhy—n3(n*r) @ 5 1500 . - total background
= - 5 | polynomial = < | =+:non-resonant
,C_D | O — 0 1000 i J/\|If—>n°3_(n+|n')
= Z 10000 . - -polynomina
@ 10000 [— i 7 L W75 18 18 19 195
- B l c
0 i o O -
Lﬁ _ G T Lﬁ B
B agditt e E ".:‘ O
o S 5 PSR
X! IR o ii{»*iﬂ 21
'H'i_*_*_ﬁ'i{.; 3 ¥ ? ? 0
X ¢ X, H $¢.% ¢ ¢
-5 I }-i --------- i--------*-- --§ --------------- 2_—_ ________
I T T SR TP 4=
1.6 1.7 1.8 1.9 2 1.6 1.7 1.8 1.9 2
PhysRevLett.132.151901 M(6r) (GeV/c?) PhysRevLett.132.151901 M(6r) (GeV/c?)

* The significance of second state is larger than 10o.

In J/w — yx*z~n’, an anomalous line shape around 1.8 GeV is also observed.
JinFei Wu 1D é S
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States near pp threshold at BESII|
e InJ/yw — y3(n"n7) and J/w — yaTn 1, 2 anomalous line shapes near pp
threshold are investigated using the J/y sample.

3000 : ¢ data (b)
300 __I [T T T T [T T T T[T T T T[T T T[T rrry7 _ 20000 |- gzsooé- i :gg(qegéij(!)t)+X(1880)
_ b C o} T X{1880)
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= — — e b
& 100 ¢ 2024 e describe the line shape.
L - e g o gia i _:
o g 0..|....|.¥.|. | |
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PhysRevLett.132.151901M(6r) (GeV/c?) The huge J / 1// sample could

3

N’;120 ' — : 2500:||||_ ‘ help a IOt-
% 2000 {100} :.-_.-Iigfgg;\»xusmt e e it e i
T /1y increasing ¢ e
5 Not all of data =~ s Can not distinguish if there are 2 states
- O I I I I ] 500_
-~ - e | or not. Need use all of the J/y sample.
M(t ) (GeV/c?)

0 ¢!
13 14 15 16 17 18 19 2 21 22
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States near pp threshold at BESII|

» Several states near pp threshold are observed, whose masses and widths
are different with each other.

* Jo identify the relation among these states, coupled partial wave analysis
are necessary.

- It is difficult, but worth to do.

e From the experience of J/w — y3(z"n~) and J/w — yx*n~1n’, the huge
J/yw sample is very meaningful to discover the underlying things in data.

- The underlying things could help to understand the nature of QCD.

JinFei Wu 14




aq from charm data

» The ¢ quark may be used to extract ag, but it is confined in hadrons. -~

- We cannot get a free ¢ quark to measure ag, so how about charmed mesons(has c)?

 We look at the inclusive semi-leptonic decays of charmed mesons,

- The inclusive semi-leptonic decay widths (I ;) are quite close.

- The measurements indicate the impact of spectator quark iIn SL may be negligible.

S mi- Ietnlc -

J

P>

[ ~Strong + Weak

JinFel Wu

ANy

[

Bsr |70]

7 |10

_138]

sy [107°GeV]

D" 6.46 + 0.09 + 0.11 4.10 -

DT 16.13 == 0.10 = 0.

DT 6.30

0.13 == 0.09 =

- 0.01

29 10.33 = 0.05

- 0.04 5.04 -

- 0.04

104 -
103 -
82

Arxiv. 2406.16119
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https://arxiv.org/abs/2406.16119

aq from charm data

» Except I ;, we also check the distributions of | p,. |in the SL of charmed mesons.

X 0 14l -
=0.14 DO (CLEOC) -
ad 110 Labframe + b+ (cLeoo)
3 i¥+ 4+ D¢ (BESI) -
0.10F % 4 A’ (BESII) -

I —7— L ]

0.08]- ﬁ? $ ) Average -
0.06| if -

: + :

0.04} *\ -
0.02 By .

O O I T NS NN E RN R u_l_‘_&;*_’_ |

8502 04 06 08 1.0

PhysRevD.81.052007 PhysRevD.107.052005 Ipe+| [GEV]

PhysRevD.81.052007

Kolmogorov-Smirnov tests among | p,+| and average of |p,+ |
Arxiv. 2406.16119

Test Samples Test Statistic P Value.

Pe+ pol| and [pe+ | 0.125 0.999
Pet+ p+| and |p.+ 0.063 1.000
Po+ p+|and [P+ 0.132 0.992
Dot p+| and [pe+] 0.125 0.999

Same distributions of | p . | among different charmed mesons,
even baryons.

Heavy quarks “~” heavy mesons for ¢ quark in SL
1!

« The measurements demonstrate that we could use I ¢; to extract as.

- The measurements of |p, |is in lab frame, which cannot be used to extract a directly.

JinFel Wu
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.052007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.052007
https://arxiv.org/abs/2406.16119

aq from charm data

e The P_Gambino and J. F. Kamenik calculated the I ¢; using Heavy Quark

Expansion (HQE), which is expand as a series of aS(mf) and r (the ratio of msz/mcz).

2.5 - ¢ = a(m?), be can extracted
Fksun:G]mLC><\V % x|
19273 1L L

- ,u]%  ‘the kinetic and chromo-

- Strong dependence of m,.

magnetic dimension-five
- pgS p - Darwin and spin-orbital
(LS) dimension-six operators.

- By,: weak annihilation (WA).

* The authors work on the inclusive semi-leptonic decay of beauty and charm
mesons for almost 25 years.

PPPPPPPPPPPPPPPPP

Citeable ® Published ® Citeable ® Published ®

Citations 15,304 13,230 Citations
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Nucl.Phys.B 840 (2010) 424-437 . I h I
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JinFel Wu



https://inspirehep.net/authors/1008976
https://inspirehep.net/authors/1033909
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aq from charm data

 The parameters involved in the I ; of charmed mesons are listed in table.

- The values are from the measurements without involving the I ¢; of D mesons.

- To avoid the bad convergence behavior, we use the kinetic scheme to perform this study.

Parameter Value * [These parameters are used In the extraction
Gr 1.1663788 x 10~ °
Ves] 0.975 + 0.006 of ag.
(0.5 GeV 1.370 & 0.034) GeV N
ngo.ts G2V§ ( (03.4 1 8.6) ) 5V« The uncertainties of these parameters are
pe (0.5 GeV) (0.288 £ 0.049) GeV~ dominate uncertainty source of the
12(0.5 GeV) (0.26 + 0.06) GeV? .
0%(0.5 GeV) (0.05 + 0.04) GeV? extraction of aj.
7 5(0.5 GeV —0.113 £ 0.090) GeV? L .
%L;i . . ) ( 00t Ge\)/?, : - It is important to reduce the uncertainties of
By bt —0.002 GeV? these parameters.
JHEP02(2024)206 PhysRevD.73.073008 PDG Arxiv. 2406.16119
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https://pdg.lbl.gov/2024/reviews/contents_sports.html
https://link.springer.com/article/10.1007/JHEP02(2024)206
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.073008
https://arxiv.org/abs/2406.16119

aq from charm data

« We calculate the | (; of D. meson using the mean lifetime (7)) and branching ratio

of inclusive semi-leptonic decay (Brg;).

6.582 % 107> - Brg;(D; — Xev,)

TD-

l

» The measured values of | (; of charmed mesons are used to extract a.

D; Bsr [%] 7 [107"s] Tsr [107°GeV]
D" 6.46 + 0.09 +£ 0.11 4.10 + 0.01 104 + 2
DT 16.13+0.10+£0.29  10.33 4+ 0.05 103 + 2
DY 6.30+£0.134+0.09+0.04 5.04 +0.04 82 4 2

PhysRevD.81.052007 PhysRevD.81.052007 PhysRevD.107.052005 PDG  Arxiv. 2406.16119
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aq from charm data

e A )(2 minimization method is employed to determine aS(mg) from the FSL,

2 2
, [FSL,D [ s (ag, 0 )] (‘9 0; )
15 0) = ) LT
l GFSLD 09/
- I'g; p : measured ', for D; meson. - Op, uncertalnty of I'¢; for D; meson.

- I'g;. p : predicational I 'g; for D; meson.

_ 6’; and Gy : the value and uncertainty of constrained parameters in the fit.

» In this study, the predication of I ¢; in reference is used to perform the fit.

- The uncertainty caused by theoretical calculation is estimated by varying fSL with 10%
uncertainty. Details in backup.

Nucl.Phys.B 840 (2010) 424-437

JinFei Wu 20
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aq from charm data

. The ag(m?) is extracted for different combination among D°, D%, and D}

- Floatthe m_.and | V. |, y*/ndof =7.7/6 - Fixthem_.and |V_ |,y*/ndof = 8.2/6
- me=14GeV | | mz=91.2GeV - Shade : world average - m*=1.4GeV | | mz=91.2GeV
o0, o, Dy = = ] | 0°, 0, D3

D3| on 11 P Inner error bar : experimental D3| on 11 -
- | uncertainty, - I -
D*f- i 4 F | - _ D*f- i 1 F | -
: Arxiv.l2406}16119 : Outer error bar : total : Arxiv.|2406]16119 _
nol- " 1 L « | uncertainty, nol- " 1 L g
L I S I R B I S

03 04 05 06 0.10 0.12 03 04 05 06 0.10 0.12

aig(m?) ais(ms) ag(mg) ais(ms)

- The values of aS(mg) are also consistent within 10 among different D mesons, and with the world
average of ag(mz) = 0.1180 = 0.0009.

- The consistence among different D mesons demonstrate the robustness of this method.

- The reasonable y*/ndof indicates that the method is reliable.
JinFei Wu 21
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aq from charm data

- If Q goes below m_, what will happen on a¢? Where does the logarithmic
dependence of o disappear?

4 The charmed mesons could be one of choices to extract the a¢ below ..

4Low to m. = 1.4 GeV, the a¢ looks still following the theoretical prediction.

- what can we use as a tool to measure the a¢ below m_?

4 We could use charmed mesons as a tool, and still need more investigation.

4 Even the charmed baryons may also be used to measure ay, at least Aj.

 The huge charmed data at BESII| could contributes a lot to this study.

JinFei Wu 22




Summa

 We summarize™a part of the recent progresses about QCD using the charm data,
including J/y and D mesons.

* [he charm data is an ideal ground to investigate and understand the puzzles In
QCD.

4 Exotic hadrons, including hybrids and glueballs.
4 o and QCD at the low energy region.

* The huge charm data provides unprecedented opportunities, meanwhile
considerable challenges.

4 Charmonium for the hunting of exotic states,

4 Charmed data for the a¢ determination,
4 QCD at low energy scale region,

+...

JinFei Wu 23




Thanks for your listening!

Look forward the collaboration with you!

JinFei Wu 24




Backup
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['; of charmed meson in theory

« Since the | (; has strong dependence on m_, the reasonable definition of m_. can
simplify this study.

- To avoid the bad convergence behavior, we use the kinetic scheme to perform this study.

e The relation of m_. between the M5 and kinetic had been studied to N°LO. The
m~"(0.5 GeV) is calculated from different scale in MS.

kin (0.5 GeV) = 1336 MeV from m.(us = 3 GeV)

C

m
m®"(0.5 GeV) = 1372 MeV from m.(ps = 2 GeV) m:"(0.5 GeV) = 1370 + 34 MeV
m

C. kin -
M (0.5 GeV) = 1404 MeV from . (s = M) The p="Is set 10 0.5 GeV.

» The average among 3 options is taken into account for m.. in this study.

Nucl.Phys.B 426 (1994) 301-343 Phys.Rept. 494 (2010) 197-414 PhysRevlett.125.052003

JinFei Wu 20
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https://www.sciencedirect.com/science/article/pii/055032139490314X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037015731000133X?via=ihub

The prediction of ',

« The P_Gambino and J. F. Kamenik calculated the | ¢; using the framework
of HQE™

fo(r) =1—8r+8r° —r* — 12r* - log(r) £.(r) = —fo(r)/2
fi(r) = 2.86\/; — 3.84r - log(r) Jrs(r) = — f6(7)
2
() = By[8.167/r — 1.21r - log(r) — 3.38] fr(r) = % + O(r) + Slog(” W;‘)
mC

1
Jo(r) = Efo(r) - 2(1 = r)*

[4] Nucl.Phys.B 840 (2010) 424-437

JinFei Wu 27
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aq from charm data

« In the prediction of I ¢;, two parts are missed :

- The high order a¢ correction,

- The absence of Cabibbo suppressed processes of ¢ — dIU in the calculation.

» The high order ag correction in b — clU is less than 1%. We take 5 times larger

than b — clU as the high order correction in ¢ = SIU,  ensreniosoions

- 5% is taken.

» The absence of ¢ — dlU causes the 5% uncertainty on I ;, that is proportional to
2 2 )
|VCd| /(‘Vcd‘ +‘Vcs‘ ):5%

e In total, we take 10% as the uncertainty of theoretical I ;.
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1" exotics at BESIII

» The process of J/y — ynn'is investigated using the J/y sample via 2
decay modes of 1'at BESIII.

700 F
600 F 7/
500 F
400 F
300 F
200 F
100 |

N* (d)

Events/(1 Mev/c?)

00 092 094 096 098 1 102
Mmr*n ) (GeV/c?)

JinFei Wu 29




aq from charm data

e The aS(mg) is extracted for different combination among DO, D™, and D"

- Floatthe m_.and |V_,|, the first and second uncertainty of a¢ are experimental and

)(Z/I/ldOf — 7.7/6 Arxiv. 2406.16119

theoretical uncertainty.

Combination mie* [GeV] as(mz) [1077] as(mz) [107°]
DO 1.370 + 0.034 448 £ 13 £+ 114 117777150
Dt 1.370 =+ 0.034 444 + 12 + 115 117518151
DT 1.370 + 0.034 400 + 14 + 113 11481750,
Do+ 1.370 + 0.034 445+ 9+ 114 117612151
D%t DF 1.392 + 0.033 113475193,

- The values of aS(mf) are consistent within 16 among different D mesons, and with the world

average of aS(mg) = (0.1180 %= 0.0009. - T

- The combination of D** and D" changes the fit results of ag(m>)a - E
lot. May be caused by the strong dependence on .. g:ﬁ .

- The reasonable y*/ndof indicates that the method is reliable. ~ :
1222 Arxiv. 2406.16119\\}%_} :
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aq from charm data

. The ag(m?) is extracted for different combination among D°, D%, and D}

- Fixthe m_.and |V._ |, the uncertainty is estimated by varying them by 1o.

i mfx = (1.370 £ 0.034) GeV, |V_ | = \/1 — |V, \2 — | Vcd\z = 0.974 £ 0.001 is calculated
using the unitarity of CKM matrix.

Zz/ndO‘f — 8.2/6 . aniv240616110

Combination mix GeV] &S(mg) 10 3] OéS(m2Z) [10_4]
O 450+ 13 =116 11781_;_'—_%
o 444 + 12 + 116 117575423
D+ 1.370 + 0.034 402 4+ 14 + 114 1149774705
ot A47 +9 + 115 117712128
PO+, D 433 + 7 + 115 11681515,

- The values of ag(m?) are also consistent within 16 among different D mesons, and with the world
average of ag(mz) = 0.1180 = 0.0009.



https://arxiv.org/abs/2406.16119

Strong Interaction

* The masses of elementary particles originate from the Higgs boson.

e ., Cms . 13f(3TeY)
[ Amashun | €l W nessee v Proton mass budget
L g é Fa e
B> L + K, is a free parameter I ‘.""‘ |
ELL‘%’ 10 g_ SM prediction 3 B 10‘1— "“x
< F 5
10_2§— - Q_ b‘,
- 107 P H b
1073 ;_ ‘ i Vector bosons I g g S OSO n
E : 10 ¢ 3" generation fermions _
1074 = c i } 2" generation fermions
> | 4 : S SM Higgs boson
5 1oL E 10
‘:m 1.2¢ s 140 e
17 i ii i D12t | i
wid L Mot § e g FIIRE Other source
107 1 10 102 T o 5"'1 T "3""'2
Particle mass [GeV] 10° 1 1.0 10
Nature 607 (2022) 7917, 52-59 Nature 607 (2022) 7917, 60-68 Particle mass (GeV)

» Let’s take proton as a naive example, m,, > 2m, + m
- The strong interaction may be one of the other source.

- Need more careful investigation of strong interaction, especially in low energy scale
region. ]
Charm and charmonium data can help!C
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