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I Outline

* Introduction

" Belle experiment (focusing on hadron spectroscopy)

= X(3872)
- Review on X(3872)
- Measurement of Br(B*->K* X(3872))
Phys. Rev. D 97, 012005
- Prospect at Belle Il

* Summary



Origin of the mass

i A 3
ST electron
Atom <10"m

Our mass is primary made from
- Atoms ?-> Yes!

- Nucleus ? - Yes!

- Nucleons? = Yes!

- Quarks? - ... 7?



Quark and nucleon mass

hy = 4158 MeV  Charge = —d e 1 - Mass of up, down quarks are several MeV/c?.
T (o bmal (2 = MA8 MeV (given by Higgs field).

Xk
fromPDG e - proton is made from uud.

The mass is knawn much mare precsaly in o [atomic mass units) than
n MeW. The canversian fram o 1o MeV, 1 u 931.49402810.000023
MeV /o= [MOHE 08, the 20068 CODATA value), invakles the relatively

- e e *Mass of proton is ~ 1000 MeV/c?
el - quark mass is only ~1% of nucleon mass.

I allowing data tar averages, fits, lin
MOHE
MUOHE 39
COHEN

CONEN TS IUE 195 ConATa What is the origin of the mass?

n MASS (MeV)
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fl I;'.'\u:. The canversian tram o ta KMeW, 1 4 931.49402840.000023
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tily Bidin electranic charge.
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Proton is not a simple bound state of 3 quark,
but more complicated object.

| i B
L= —Etr GG +qiv'D,g—gMq

Quantum Chromo dynamics(QCD)
= dynamics of quarks and gluons
Nucleon mass is dynamically generated from QCD

*Non-perturbative in the hadron scale

*Two phenomena in the hadron physics.

- Mass generation.
- Quark confinement (isolated quark has never been observed).

“Surprising thing is these two happens simultaneously.

Generally, bound states makes mass lighter (like nucleus)
but quark inside hadron acquire mass.



I Constituent quark model

QCD can not be solved —effective theory

1. Give mass of ~300 MeV/c? to quarks by hand
= Constituent quark mass

2. Hyper fine interaction.

That’s (almost) all!

Too simple compared with complex QCD...




I Success of quark model and further 7

Success of constituent quark model

Mesons Int. J. Mod. Phys. A, 21, 5583 (2006) Phys.Rev. D18 (1978) 4187 y
“ r P e s 1 2200 T 1 | 1 I | I 1 1 T [ 1 T [
[ B vosn) | 2100 | .
4.2 k 77777777 {7IE52200 yunsg) A 2000 |_ f— - |
40l T W(4040) ] f— 7 |
Of e X0 Y5 ] 1900 — — / —

MGV | 2T 2099 ] H B 4 1
3.81 ] TR e ] . #— 1800 |_ Zf = L -1
et ] : L= B -

or + ] 1700 | 4 777 -
? Xags fg h,(3526) ] E / = IIZ — Sl m

3.4 L Qf======== %(3415) ] 1600 | / IIII B
[ ] : ez

32 o, =0.5536 ] 1500 1 — — 7]
: 1 y(3097) b =0.1488 [GeV’] ]

3.0 o .0980) m =14672[GeV] 1400 | zza -
r ¢ o =1.1480[GeV] ]

28 r ] 1 | ] 1 1 | 1 | ] 1 | 1 ] I I

N*1/2 - A*1/2-A*112-L*1/2-= *112- Q"1 2-N*312- A*3712-A*312- £*312-="32- Q* W2-N"5/2- A*5/2-T%5/2- ="5/2-

”Constltuent quark” must be a good approximation... but not the end..

*Why it works so well?
- What is the adaptive limit?
- How interaction/constituent quark mass
changes in different environment?

— Exotic hadron!

B-factory is a powerful probe!
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I Belle experiment

TN erogel Cherenkov ent. . * ASymmetric energy e*e’ collider
cler ’ “35Gever to test KM theory in B-meson decays.
TOF counter
- 7.7 X 108 BBP?" events are collected.
"/; = PRI /K, detection
Ll | [N JI a - Belle: General purpose detector.
Ccnt:;al Dri;t&(‘:hambcr

Si vtx. det.
3/4 lyr. DSSD - Enabled hadron spectroscopy.
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I “New hadrons” from B-factories 9

Hadron Type
Charmonium (like) D, . = cuber csbar Charmed baryon Bottomonium
= ~ebar (S) / = = bar
=cc = cud, cus, css,... =bb

B-decay n.(29) @ D*,(2400) D,(2430)  =,(2930)

X(3915) D*_,(2700) Belle
Z.(4050) z_(4250) BaBar
Z (4430) 2 (4200)
c Initial Y(4260) Z2(3900)
O State Y(4008) Y(4360)
43 Radiation Y(4660)
(G Double X(3940) X(4160)
ﬂa:) charmonium
Two photon  x,,(2P)
ete>cchar D,(2550) D,*(2600) Z.(2800) A (2940)
D,*(2640) D,(2750) =.(2980) =,(3080)
D, (2317) D,,(2860)  0(2770) =(3055)
D,,(3040)

Y(5S) decay Z,(10610)
Z,(10650)
h,(1P),h,(2P)

~ 40 new hadrons! b b
n,(1S),n,,(25)

(Some states may be missed)

2018/5/9 KMI Topics 9
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IFirst observation in 2003 11

B* >K* J/yrire
R
Bl e®
B

M(rud/)-M(J/ )

i ) a) data Eu.: "
300 / &
. 0 J(29) 1 X(3872)
o 200 - N 152M|BB®?" pairs
E 100 } ‘ I ‘i
0 WJJ‘ ‘ ‘ u 186 LN I;5-.-: ETH
0.40 0.80 1.20 Wil w | (GEN

Mz 1) - M(I'T) (GeV) Phys. Rev. Lett. 91.262001

1% Most cited among ~500 papers in Belle (>1400@INSPIRE)




Events / 2 MeV/c*

I Confirmed by many experiments 12

Phys.Rev.Lett.93:072001,2004
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Candidates / 10 MeV/c 2

Candidates / 5 MeV

Phys. Rev. Lett. 93, 162002
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" Existence is established.
*Understanding of the property.
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I A strange hadron:X(3872) 13

“No quark model prediction in such mass region

M(rtr) in J/Prte . M(J/Lpfu) :

"Decay breaks Isospin
/g =J/Pp. ccPis1=0 p:l=1 -
J/W3n =J/Vw is observed w:l=0 *

Phys. Rev. Lett. 91.262001

0 === ===
0.40 0 0.60
M(x'n) (GeV)

-Very narrow width though above DD threshold
-Upper limit on the width = 1.2 MeV.
-Ex: Width of Y(3770) is 27 MeV

*Very close to DOD*O
3871.69%+0.17 MeV/c?<3871.8+0.12 MeV/c?

M (X3872)

2018/5/9 KMI Topics



I DD* Molecularstate ? (1) 14

The most natural interpretation is DD* molecular state

T~ K
D @ ............ @ D
It
*Narrow width

>DD* has JP=1*, whereas DD has JP=0*

rt exchange is forbidden for DD but allowed for DD*

N\ *
X/ O /n
— — — il=l =
D—5 D D - D*
Spin-parity not conserved Spin-parity can be conserved with

2018/5/9 kmiTopics — orbital angular momentum.



l Molecular state? (2) 15

“[sospin is broken in the decay
=0 Eigen stateis (| D°D™ >+|D*D™ >)/ J2
The mass difference of D°D™ and D*D™ is around 8 MeV (M _<M,)

“This mass difference is large compared with binding energy.
(<1 MeV)

—>The contribution of D°D™ becomes large and Isospin 0 and 1 are mixed.
Phys.Lett. B590 (2004) 209-215

JPCof DD* molecule should be 1+

2018/5/9 KMI Topics



C-parity from J/{y decay mode

0
BO>K. (J/by)
Y7
2, (b)
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1 +40001 | 8 3T TTTTIT 11
0%5 35 365 39365 4 o%5 Lhisi %5 J§L9|' ‘5?153“ TA

iy (GeViC M, (GeVic?)

- ID>

J/P:C=-1
y: C=-1
C=+1

<[O

BELLE

2018/5/9

4
]

Number of candidates / 0.

g

Determination of JPC

16

JP from J/Yr*t decay angular distribution
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I Pure molecular state? 17

el ]:h-"‘--.
/ - II. I| - ..l"

Phys.Rev.Lett.93:072001,2004 Vi =y

6000

CDF Il
i I -80% comes from “prompt production” (not from B decay).
b | o j +++ + “If X(3872) is pure molecular state, binding energy is small.

dates/ 5 MeV/c 2

0| | T m e e —Size is large: Radiusis ~¥8 fm
—>Prompt production cross section should be small.

2000

Cand

10001

0 T T T T T T
3.65 3.70 3.75 3.80 3.85 3.9023.95 4.00
Jlyn*n Mass (GeV/c®)

Measurement :3.1+0.7 nb > & Prediction:0.071-0.11 nb

Phys.Rev.Lett.103:162001,2009

DO@ﬂ@ B*O and @ Superposition ?

X.1(2P)

N

2018/5/3 KMI Topics JPC=1**, not observed so far.




I Measurement by LHC/ATLAS

Cross section X Br(X(3872)->J/y n n)
JHEP01(2017)117

T

Br(X (3872)—J/y (u*p ) )dfo/dp_dy[nb/GeV]
o

‘5[ ATLAS data

- | |NLONRQCD

Assuming x,(2P)

ATLAS ]
{s=8 TeV, 11.4 b 3

Prompt X(3872) _

10

20

30 40 50 6070
X(3872) p_ [GeV]

18

The p, dependence of prompt production
is consistent with theoretical calculation

for the production of x_,(2P).
(Phys. Rev. D 96, 074014)

—> Suggesting X(3872) has x_,(2P) component.

, the product of..
- Fraction of x_,(2P) in X(3872)
- Br(X(3872) -> J/mtim)
is set to be 0.014 for the normalization.

= If Br(X(3872)->J/Ymr*m) is determined,
the fraction of x_,(2P) can be determined.

= This leads to the ccb®*-DD* coupling.

KMI Topics



I Why Br(X(3872)->J/¥ nt t) not measured? 19

()
@/{X/\f

I
—.

Br(B*—>X(3872)K*) X Br(X(3872)->J/Ym*m)

= Usually X(3872) is reconstructed by invariant-mass.
In other words, detect all the decay object of X

* In this way, only the product of two branching fractions can be measured.
= Both are important (production, decay), but product is less useful.

- We first need to measure the Br(B*->X(3872) K*)
By measuring it, we can extract Br(X(3872)->J/{m*m), too.

2018/5/9 KM Topics 19



I Strategy to understand X(3872) 20

This measurement
|7 Br(B*—>X(3872)K*) _‘

Calculation with QCD Sum rule

Known variables

Br(B*>K*X(3872)) =

(2.68£0.5) X 10> :Pure molecule
(0.38£0.06) X 10° :Pure charmonium
(1.0%0.68) X 105 :Mixing angle 5-13°

Br(B*->X(3872)K*) X Br(X(3872)->f) Br(X(3872)->f)

Belle, BaBar, LHCb

PLB, Volume 702, Issue 5, P 359-363

o(X(3872)) X Br(X(3872)->f) o(X(3872)) * | Coupling!

DD*-x_,(2P)

ATLAS, CMS, Tevatron Newly determined variables

Increase the dynamical information drastically!

2018/5/9 KMI Topics
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I Principle of the measurement 21

“Extract Br (B*—>X(3872)K*) - Do not see X(3872)decays
—>Use unique feature of B-factory

- Reconstruct B mesons hadronically decays (called tag side)
- Reconstruct K* mesons from the other B meson.

- Reconstruct X from Missing mass:M,? = (Pyeam=PgragPy.)?

* This measurement is impossible at LHCb
- Final state is not B meson pair.
- Initial energy not known as it is a collision of partons.

Reconstruct Reconstruct

Signal @

Do not see

hadronic decay

2018/5/9 KMI Topics 21



I K* Missing Mass distribution

Phys. Rev. D 97, 012005
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I Results 73

_- Br (8 3XK') (10

142  12.0+0.8+0.7 8.4+13+0.8 9.6+1.1
fyan 13.7 8.9%0.7%0.5 8.1+1.3+0.7 10.26+0.031
Xeo 22  2.0%+09+0.1(<3.3) <18 1.50%015
Xet 6.8  5.840.9%0.5 <2.0 4.79+0.23
n(2S) 41  4.8*1.1+03 3.44+1.8+0.3 3.4+1.8
$(2S) 6.6  6.4*1.0+0.4 4.9+1.6+0.4 6.26=0.24
$(3770) - -0.2#+1.4%0.0(<2.3) 3.5+2.5+0.3 4.9%+13
X(3872) 1.1  1.2%+11+1.1(<2.6) <3.2 (<3.2)

X(3915) 0.3 0.4%+1.6%0.0(<2.8) - _

“The best precision for n, n.(2S). First significant measurement for n (29)
*The most stringent upper limit for X(3872). The first limit for X(3915)

2( 23
" For other states, the result is basically consistent with world average.



I Discussion : X(3872) 24

* The product of “fraction of x_,(2P)” and “Br(X(3872) - J/ym*m)“
is 0.01420.06 from LHC result (Phys. Rev. D 96, 074014).

" Br(B*->X(3872) K*) X Br(X(3872) X J/Ymn*n)=(8.6%0.8) X 10°
(from exclusive measurements).

" Br(B*—>X(3872) K*) < 2.6 X 10* (This measurement)
- Br (X(3872) = J/mir) > 3.2 X102
—> The fraction of x(2P) < ~40%
(my personal calculations)

"The dominant contribution of X(3872) is coming from DD*

2018/5/9 KMI Topics 24



Belle->Belle Il 25
Aim to find physics beyond the Standard Model

Colliding bunches 70 . : :
= 60f- 5 ;
B Ve Swersonducting / § E i GOdl 0fBe”e 1 I/ Super KEKB
uads near the IP 50: 4
~ sk ? f
s W 40 ;
SsiegIm, g I |
30f- |
aab iz A ottt e g 20F
PRI i - 10:— -8 months/year
:‘n?:'m'f{;::: HER arcs to squeeze s e E i | Iamhy.h:\onth
x10% 3-_ '
7% [ R €A 6~ . . .
: el Gl a:m ‘_E’g, F 40 times peak luminosity.
i capg e s x40 Gain in Luminosity 28 f 50 times integrated luminosity.
[] o : :
[ C 1. % | | | | I
o 2?)17 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— -Q (end-caps , inner 2 barrel layers)
EM Calorimeter : &

CslI(T1), waveform sampling electronics

B

electrons (7 GeV)

Particle Identification

"% Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
Vertex Detector §
2 layers Si Pixels (DEPFET) + |

4 layers Si double sided sirip DSSD J - # 2 \\\

positrons (4 GeV)

Distributed computing

.
Central Drift Chamber !

Smaller cell size, long lever arm.

‘@

Belle Il TDR, arXiv:1011.0352

201¢ | Il Topics 25



I First collision happened! 26

Belle I

2018/5/9 KMI Topics 26



I Prospect of X(3872) study at Belle Il 27

- We can determine the Br(B*—>X(3872) K*) with ~7c with 50 ab?
(naive extrapolation from luminosity)

* The other important variable for X(3872) is total width.
Only the upper limit of 1.2 MeV is determined.

* From the total width and branching fractions,
partial width of each X(3872) decay mode can be determined.

—> Compare these with “molecule and x,(2P)” picture
or any other model for X(3872) multidirectionally

2018/5/9 KMI Topics 27



I Strategy for Belle Il

Belle Il measurement

28

Br(B*->X(3872)K*)

X(3872) Total width

Known variables

Newly determined variables

v \Z
Br(B*—>X(3872)K*) X Br(X(3872)->f) Br(X(3872)>f) | — I(X(3872)->f)
Improve these, too
o(X(3872)) X Br(X(3872)—>f) o(X(3872))
AN

N\

/

DD*-X.,(2P)
Coupling!

Any other model

Increase dynamical information more drastically!

2018/5/9 KMI Topics
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I Summary 29

 Belle opened new era in the hadron spectroscopy.

= X(3872) is a candidate of exotic hadron, and studied a lot in this decade.

- Br(B*—> X(3872)) is one of the key measurements to understand its nature.
- The most stringent upper limit is set by using missing mass technique.

- Belle Il just started!

- Stay tuned for the exciting results from Belle |l !!

2018/5/9 KMI Topics 29



I Backup

2018/5/9

KMI Topics
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I Belle detector 31

SC solenoid - Aerogel Cherenkov cnt.
15T e \ n=1.015~1.030
Csl(T | s +
16X, 3.5 GeVv €
TOF counter
e N e / K, detection
i 2 = N o ARANE

14/15 lyr. RPC+Fe

: Central Drift Chamber "General purpose detector.
Sl vix. det. Detect charged hadrons, e, p, y

3/4 lyr. DSSD * Good momentum/vertex resolution.
*K/mt separation up to ~3.5 GeV/c

2018/5/9 KMI Topics 31



I K* Missing Mass distribution (all region)

2018/5/9
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Phys. Rev. D 97, 012005
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I Discussion : X(3872) (2) 33

X(3872) DECAY MODES

Mode Fraction (I';/T)
M ete” —
M atx™ J/p(1S) > 2.6 %
0 r :",
Fg Jp/ J{f,g()IS) | FromBa Bar’s result
rs D°D°x0 >32 % (3.2%10%<)
P D*0 po =24 % _

+ Br(B*>K* X(3872) >= 3 Br(B* - K*X(3872) X (X(3872) > f)
> Br(B*= X(3872) K*) >= 1.0 X 10

* The fraction of x_,(2P) is roughly 15% - 40% (not small fraction)
* We need more experimental information to check

this interpretation can comprehensively explain data
(I do not 100% believe x_,(2P)-DD* molecular scenario).
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I Discussion on n_(2S)

* Firstly observed in the B*-> K* n(2S), n.(2S) = (K'K°rt*) decay (Belle: phys. Rev. Lett. 89, 102001)
- Thought to be the radial excitation of n(1S).

“Determination of branching fraction
Br(B" — 1,(2S)K™)xBr(7,.(2S) - KK ) L (9.620+2.5)x10% (1)
Br (B+ —> T7CK+) x Br (77C — KK 7Z') . PHYSICAL REVIEW D 78, 012006 (2008)
Br(B* — 1. K")xBr(y, - KKz)=(6.88+0.77"35)x10"° ..(2)
This
measurement Br(B+ 1. (28)K+) =(4.9+1.1+ 0-3)X10_4 (3)
— Br(7,(2S) » KK7) =(1.3+0.4+0.4)x10~°

(neglecting correlation for systematic uncertainty)

“Determination of two photon width
Br(17.(2S) - KKz)xI'(1,(2S) = y7) = (0.041+£0.004 +£0.006) keV PRD 74,034001 (2006)

—>T'(1.(2S) > yy) =(3.2£1.0£1.0) keV < TI'(n, > yy) =(5.0£0.4) keV
Lre(29) 2 17) _ g 64+0.28

I'(n. — 77)
e Experiments This paper Ackleh [4] Kim [5] Ahmady [6] Miinz [11] Chao [10] Ebert [12]
n. 7409 %21 (PDG|[7]) 7.5-10 4.8 7.14+095 11.8+08+06 35+04 5.5 5.5
1. 1.3 = 0.6 (CLEO [3]) 3.5-45 3.7 444 £048 570506 1.38x=03 2.1 1.8

2 n./n. 045 0.77 “0.62 0.48 0.39 0.38 0.33

34
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I Charmed hadron production at B-factory35

b > > C € ¢
\_\< c
w )
u < < G@ e’ c
B-decays into charmonium e*e>> ¢¢ reaction
*Clean “charmonium laboratory”. - Charmed baryons observed.

+X(3872), Z(4430)....

e_\/e
/A

/ ~. ™~

Initial state radiation

*Produce charmonium with JP¢=1-
-Y(4260) Two photon collision

 Produce charmonium with JP¢=0** or 2**
2018/5/9 KMI Topi . 3
"“Two photon width can be measured
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I Data accumulated at Belle

of B factories
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>1ab!
On resonance :
Y(5S): 121 !
Y(4S): 711 b !
Y(3S): 3!
Y(2S): 25 b
Y(1S): 6 b

Off reson./scan: [

~100 b

~ 550 fb!
On resonance:
Y(4S): 433 b !
Y(3S): 30 tb™!
Y(2S): 14 b !
Off resonance:
~54 !

LN L4y =] ~ [~-]

3 F

2 |

| 1 | | ' 1 1 1 1 | 1 B
Y(1S) - Y(35) b ]
T(25) I‘ _
|r(45) ]
| .
I ]
[ Y(5S) ]
I ]
i "!“‘J*‘-‘ P v_Asi T =
= CeE et s .
* ARGUS A(C Y cus i
% MD-1 ARGUS CLEO CUSB DHHM
| ¢ Crystal Ball T\ CLEO II D_'—‘\|SP O LENA |
| | | | | | | |
95 10 10.5 11

Vs [GeV]

10 years operation. Taken at various energies.
=~70 % of data is taken at Y(4S).
~7.7 X 108 BB pairs.
*Total inregrated luminosity ~=1000 fb.
~1 X 10° e*te” - cc.

* General purpose feature of Belle detector and large data
enable us to study the hadron spectroscopy




IX(3915) from two photon collisions7

PHYSICAL REVIEW D 86, 072002 (2012)

e_ e_ i 25%—
v x391s) /Y
OE :.r.l.....r.‘-. | * ﬁ‘]r'“ |+. . * :L[lr + : Vi 4
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m(J/yo) (GeV/c?)
12F
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Seitiel + * LJ
i
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weights
weights

onNn B2

- The angular analysis favors the JP¢ of 0**

cosh, cosf
* The unknown charmonium with 0**is x_,(2P). 12} o] 1l @
However ... 2o J{ %ﬁ 2 10k +
B A
A
%75 o0 05 1 015 o 05 1
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I Difficulties to interpret X(3915) as x_,(2P)3s

* The mass splitting with x,(2P) is too small (~8 MeV/c?)
cf: More than 100 MeV/c? for x,(1P) =x.o(1P)

- The width is too narrow for the state above DD"2" (more than 100 MeV is expected)

* It is above DD, and 0* can decay into DD, but
OZ| suppressed decay J/Pw is favored.

OZl favored decay

¥ o(2P)—DD D w
U

/
<u Xeo - T

c

(@]

ol

ol
(@]
ol

- The width of 20 MeV may be too large as OZI suppressed decay
(ex: The partial width of {(2S) = J/Pmtmis ~ 100 keV)
Partial decay width of J/w is given as T, X Br(X(3915)-=>J/{w)
But the Br(X(3915) - J/Yw) is now known..
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] n.(25)

* Observed at Belle in B*— K* (K;K'1t*)

- Confirmed by BaBar, BES Ill, CLEO, and LHCb,

in various decays and productions.

Generally accepted as radial excitation of n(1S)
= ground state of charmonium.

‘ I I I ‘

> L [ -
= |
S .l + + r]C(ZS) i
5 40 [

U +¢¢ *'T** ‘#* + #

2900 3100 3300 3500 3700
My, (MeVic?)
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I

Int. J. Mod. Phys. A, 21, 5583 (2006)
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I Two photon production of n(2S) 40

e' e- - (a)

R

Y Sn/nd2s)

5 Kbar

\T[

i
800

33 34 35 36 37

600 |-

400 |-

Events / ( 0.004 GeV/c?)

Y\ b

Cl e b e e e e e e T
2.6 2.8 3 3.2 3.4 3.6 3.8 4

e + +
e m(K:Kirﬁ) (GeV/c?)

200 —

- The two photon collision provides (2y), which is theoretically
clean as it is an electro-magnetic process.

* However, as the Br (n (2S)->KK®?'mt) is not known,
only product [(2y) X Br(n.(2S)->KKP2'rt) can be measured.
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I Comparison with theoretical calculation 21

PHYSICAL REVIEW D 74, 034001 (2006)

I, Experiments This paper Ackleh [4] Kim [3] Ahmady [6] Miinz [11] Chao [10] Ebert [12]
n. 7409 =21 (PDG|[7]) 7.5-10 4.8 714095 11.8*x08*x06 35*04 5.5 5.5

7' 1.3 = 0.6 (CLEO [3]) 3.5-45 3.7 444 048 570506 1.38x0.3 2.1 1.8
n’/n. 0.18%+0.1 045  0.77 0.62 0.48 039 0.38  0.33

- Partial width of nc(2S) is a bit smaller than theoretical predictions

* Assumed Br(n.~>KKP"mt) = Br(n.(2S)->KKParn)

* The ratio n(2S)/n.(1S) is smaller than theoretical calculations.
- Some problems in understanding of nc(2S)?
- Just the assumption is wrong?

- Need to determine Br(n (2S)—>KK"m)
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IB:>mDOE ALV U HERET 42

-aAVkA— LYV T IILELTRE nt* missing mass (data)
BrSKIXEDE W EKETER T BT,
“BRE, BNV DT IOV,
-Exclusive’ZBIFEIZLHHRFEHESRE (3-5%)

SMCTRKROI-{EFT DR E
RTEADZLAMEORIIIZALS,

Events / ( 0.0025 GeV/c?)

-D,D*EB DR IEMCD 57 1% 3 GaussianT
J4INT BHETRE,

.”GData/GMC” ”“‘Data'uMcﬂél{aj_gtb—cj'f‘yi\o 2

12 16 1.8 2 22
My (GEVICD)

ESDHOT—FEMCODEL Preliminary SR EEBITE (1073)

[ onu/oue o) [ REE

D° 0.994%+0.025 -0.5%+0.8 Br(B*>m*D?)  4.584+0.12+0.34 4.80+0.15
D* 1.035+0.029 -0.8=+0.8 Br(B*>n'D™) 5.07%+0.10*+0.26 5.18+0.26
EBDOHITT—42EZAL—aVTEFE n“ﬁtiﬁnﬂiliﬂﬁiliiﬂtﬁﬁwﬁo
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I K* Missing Mass%> 7 (£ $8 1)
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I n2s) 1

- B*> K* (KKOrt*) BRIZETHIH TFH R (Belle: phys. rev. Lett. 89, 102001)
* n(1S) (spin=0, L=0)Mradial excitationKEEEE Z 5N TL S,

-2-photon~ D FRIRIEIL ., HIHRHICHEERGTE TES =,

|l Experiments This paper Ackleh [4] Kim [5] Ahmady [6] Miinz [11] Chao [10] Ebert [12]
7., 1.4*+09 *21 (PDG[7]) 7.5-10 4.8 7.14+095 11.8+08+06 35+04 5.5 5.5
7. 1.3 = 0.6 (CLEO [3]) 3.5-4.5 3.7 444048 5705206 1.38x=03 2.1 1.8

-Belle/BaBarlZd&52-photon&E R M5,
Br (77, (25) — KKz)x (1, (2S) — ) = (0.0410.004+ 0.006)keV
ERMDTLNDD T, Br(n(2S)>KKn)M -, BIREDLLER A HE S,

- % (b)
e / 2 1000 50& a0t f
° 0
) FETETRY “
* K S 800 50l
Y = 33 36 3.7
2 600
[ c
o C
K W 400/
200— N
+ . \ :
e V nc(zs) T[ 0* | | | | | A 1"‘ L

Lo .
26 28 3 32 34 36 38 4
\ m(KsKiTl?:F) (GeVicY)
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3545 MeV/c D/ TS

3545 MeVE ANT=T1vbk A(-2logl)5>

~1200 i
% ID 1000000
> 3500 Entries 35000
g % | rn-l.l Mean 6.566
3 3000 ’j H RMS 2.491
8 i
= 2500
P . j
c
s 2000
w !

I 1500

400 ] L|.
I 1000 H
200
- 500 LL‘
07 Lo P e T L:* \‘-. hd P 0 | L L LLLLI\L._,_'__'_‘_; L L
3363383434234434634835352354356 0 5 10 15 20 25 30
Missing Mass (GeV/c*)
- The peak position is 3544.2+2.8 MeV/c? ni

(X,(1P) M H4.30 BN TLVD)
The A(-2logl) I& 16.5> O—AHJLEHEE(L ~4.10

* Pseudo experimentZ 3 it
GRMEEMLI T FILEANT=T4bEITL, £FEEO R TRRDA(-2logl)ZHH
A(-2logL)h316.5% 8 Z DHEE(L0.43%: 2.80(Zx1 o BE TIXHELNELS R
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