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12% rule and “pm puzzle”

e 12% rule

[the relation between J/ v and v’ |
B B

Qh — v X — v — efe” :12%

B

J/u - X J/JUv >ete”

< Violation was revealed by MARK-II,
confirmed by BES at higher sensitivity;
* Provide new clues concerning the

dynamics of charmonium decay .



The Relative Phase =
¢ geg ¢ V(o

b) one photon process
I I

(a) three gluon process

J/y Decays:
1.AP:90° M. Suzuki, PRD63, 054021 (2001)
2. VP : (106 £10) ° J. Jousset et al., PRD41, 1389 (1990)
D. Coffman et al., PRD38, 2695 (1988) Large
N. N. Achasov, talk at Hadron2001
3.PP: (90 £10)° M. Suzuki, PRD60, 051501 (1999) | Ph;gf |

4. VV : (138 £37) ° L. Kopke and N. Wermes,
Phys. Rep. 74, 67 (1989)

5.NN: (89 +15)° R. Baldini et al., PLB444, 111 (1998)

v’ Decays:

1.VP: ¢=-90° Large
or 180° P. Wang et al. , PRD69, 057502 (2004)
phase

2.PP: ¢=(-82+29)°
or (+121+27)° J.Z.Bai et al. , PRL92, 052001 (2004) ~—90°




The phase study in e*e ~ experiment

hadron

¢ Y (e
(b) one photon process

ol

N

hadron ¢

(¢) one photon continuum process

7

interference

Y (€'e)

Take the continuum contribution and its interference effect into
consideration , we could determine not only the magnitude but

also the sign of the phase. Furthermore, the cont. contr. and its int.
effect will exert obvious influence on BR. measurement.
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w’— VP K*(892)K +c.c.

K*OKO : g(l-s,) e Phys. Rep.
K™K* :g(l-s,)—2€  174(1989) 67

| 1 B.G. ;

S(K**K-+c.c.) : (20.9 £9.1 +2.3) pb l 1
v ]

o(K"K" +c.c.) : (107 £15 £12) pb oL A i
@3.686GeV& £=(19.72 +0.86) pb ! L

S(K*K—+c.c. ) : < 19 (90% C.L.) 1@ 2.5 1.9 evt. ]
- K*O ]
o(K"K" +c.c.) : <30 (90% C.L.) [ :
or: (16 £12 £2) pb
@3.650GeV& L=(6.42 +0.24) pb !

1.6
MK ) GeV/c?)

Events/MeV
T

[oR <] 1.1 1.8 2.1 2.8
m(K")(GeV/c?)

From simple estimation, we can see the

continuum contribution can be more 10 % 6.4pb~! v’ con. Data @ 3.65 GeV
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Wang, Mo, Yuan
PLB557, 192(2003)
e M, e M,
1241 T 4
Res e f Con _ ﬂa ‘- 2 D
Born( ) (S M2)2 +1—1t2M2 O-BOI"n (S) 3/2 f‘ Jf (S)

47za
oo (5)= 2% |14 2RB(s) + |B(s) |3 [ 2 (5)
S
B(s)= 3\/§Fe i e’
s—M"+il, M
Form factor evaluation shows the
s _ contribution from continuum can
Cp.c. (3) — [diUF(x,S) fBol?:F(S(ll $))2 u
0 1 — (s —2))] come up to 60% in total observed

w section at BES
Goap (W) = / dW'a, . (WG(W', W),

0



y’—= VP W7
7.4 £2.8 evt. 31.3 +7.4 evt.
0.50 0.?0IVI (Tc+n_n0) ((Ca).zi)//c2) 1.10 0.50 0.70 v (n+2?20)(eev/;%0 1.30
@3.650GeV& L£=(6.42 £0.24) pb ! @3.686GeV& L£=(19.72 +0.86) pb -

7.4%(19.72/6.42) ~23, = Con. /Tot. =23/31 ~70%
consistent with theoretical expectation 60%

Studies of Br(y’— on’) and .7,

®

(8) are 1n progress




y’'> VP

“* BES-II results (Preliminary)

VP Mode Final states Nft
(@3.65GeV)
o’ T YYYY 7.4 £2.8
K*K%c.c. KnKq (nfn) 2.5+1.9
K** K—c.c. KnKq (nfn) 0
VPMode | BO/=X)(09) | BONSX)A0E g
(PDG2002)
w7° <3.27 4.2 £0.6 <7.8
K*0K%+c.c. 15.0 £2.7 42 +4 3.6 +0.7
K*K—+c.c. 2.9+1.9 50 +4 0.58 £0.29

/

Suppressed w.r.t. 12% rule !!
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VY’ > VT

obs

B | — U >X—>Y
e Nuf’ 'Bx_w i
VT B, x(10-%) | B, x(1075) o
Q,(%)

mode (BES-I1) (PDG2002)

@ f, 2.05 +0.41 +0.38 4.3 +0.6 4.8 +1.5

pa, 2.55 £0.73 £0.47 10.9 2.2 2.3 +1.1
K*K*, | 1.86 £0.32 +0.43 6.7 £2.6 2.8 £1.3

oL, 0.44 £0.12 +0.11 1.23 +0.21 + 3.6 £1.5

his value from 2 onl

o DMizony Suppressed!!/

Accepted by PRD

12 % rule




Parameterization and phase study

VT -Parameterization Too many parameters;
o Few channels measured,;
of, :gte Limited data sample .
pa, :gite
K" K7, : g(1-sy) — ¢ (2-s,) :"Phase undetermined. .’
of, :g(1-2s)—2e(l-s,)
A.Seiden,H.F.-W. Sadrozinski and  pp _parameterization
E.Haber : Phys.Rev.D38, 824 (1988) ,+*.- . (E+E,)

K“K™:(¥3/2) M+E+E,)

PP -Parameterization KK, :(N3/2)M

7 A E
K*K :(~3/2) M+E
K¢ K, : (V3/2)M

Continuum Contribution

E.Haber and J.Perrier :

Phys.Rev.D32, 2961 (1985) PLB567, 74 (2003)

C.Z.Yuan, P.Wang and X.H.Mo:



Parameterization and phase study

2

o B (5) = 4;2;); [1420B(s) + |B(s)|] DASP:
N Fn ()PPt (5). By(28)»atr ) =845 x 107,

ox IR (5) = 452722 [1+29R(CyB(s) + [Cy B(s)I] Y9 > K1) =107 07
X | Fr ()P Prrk—(5), BES-I:

oy 0= S BORIE )7 B(y0S) 7' = (08405575 107
x Pogo (5). B(1(28) — KTK™) = (6.1 £ 1.4%3) x 107,

B(s) — 35 oo/ BES Collaboration:PRL 92, 052001 (2004)

LS = Mg +iMyes I By, ko= (524 £ 0.47 £ 0.48)x 10
Cq‘, =1 4+ Ce'?
C.Z.Yuan,P.Wang and X.H.Mo:

PLB567, 74 (2003)

d=(— 82429)°, or (+121427) °




V' > Kg K;

Event Selection

1. Two Good charged
tracks with net
charge zero ;

2. Decay length in
transverse plane
greater than 1.0 cm
for K ID;

3. Total Energy of
photon candidates

less than 1 GeV.




V' > KK,
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sidebands PRL 92, 052001 (2004)




Vv’ > K. K, BESII: first measurement for B(y’> KK, )

n®*/ (e -f)
AT
L N
Quantity Value
nobs 156 + 14
Evic (%) 41.59 + 0.48
f (%) 74.6 £ 3.5
N, (109 14.0 + 0.7
N/ 0.6860 = 0.0027
B ksx(1073) 5.24 +£ 0.47 + 0.48

PRL 92, 052001 (2004)
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PRD 69, 012003 (2004)




J/ |V s K S K I BESII: Higher precision for B (J/y2>K(K, )

By v sk, = ™/ (e D

TR Nd/uf 'BKS_WHT-
Quantity Value

nobs 2155 £ 45

£0r0 (%) 38.69 + 0.23
(%) 77.2 + 3.4

N, (10°9) 57.7 + 2.7
By .. 0.6860 = 0.0027

B, cr,(10-9  1.82+0.04+0.13
yy > ksx (1079 > ~4c diff.
PDG2002: B,,, , x.x, =(1.08%0.14)x10~*

PRD 69, 012003 (2004)




J, > KK,

B o =(5.24% 0.47 £ 0.48 ) x 10-5

vy’ = Ks

B, ke =(1.82£0.04+0.13) x 104

=(28.8+£3.7)%

- >40
Q, = ——=% =12%
B,y x B(y’) enhanced!




0 Wang, Yuan and Mo:
“12% » I’UIe and mixing mOdel PLB§74,41(2004); &

hep-ph/0402227;

@y’ 2> PP enhanced

Some recent studies indicate the S- and D-
wave mixing model 1s a natural, calculable

@y’ 2V T suppressed
v Pp model ! It probably gives a unified

® ¢y’ DOVP some explanation for all 12% rule violated decays
greatly suppressed “12%” rule:
KE )/ (£] 23S )= T Jhp)/ T (2°S,)

(such as p 1 & K0 KO) = (f12°S))

JLRosner : PRD64,0940022001)  Mixing

B L(E "y = (£ 23S} cos — (£] 13D, )sind
Vy=|18), (FIv) & (£]2°8) = (F| D)
&y =[238)&|1°D,) : 2. (Flw ") =(F| 2°S,) sin® + (| 13D, )cosH

=({f|y" )= DBr
(fy"y =(f]|23S,)cos0 —(f| 1°D,)sinb , {Ely ™) ()

(Fly " )= (] 23S,)sin + (f| 1°D, )cos0 .
(6=12°) The measurement at can be

used to test the mixing model !



J/ v, \|]’ — K < K I A solution of v’ enhancement

Wang, Mo and Yuan, hep-ph/0402227

|¢;> = |2331>CDS€ — |13D1>Siﬂl9 . LW — f) = ﬂng sin 6 Ras(0) + neosf|®,
[y = 12381 )ysin 6 + [12D; ) cos 6, i

T = f) = Gy |cosHRgs(D)—nsin€|2,

M2,

T = f) _ T —ete) NI/ f) = = [RisO)
T(J/b—= f)  T(J/h— ete) Iy

2
6 Rys(0) — psin 8 .
x o8 OFias (0)— nshn ——| ,  Searching for
cos 0 Ra5(0) — a3 sin R [ (0) v - %KSKL
LW = f) _ Mj |sin6R>s(0) +neosd|” to test the model!

T —f) M. |cos§Ry5(0) — nsind
Prediction on v ' branching fraction:
0.12+ 0.07 < 10° x B¢ - KgK7) < 3.8+ 1.1
Wait for CLEOc/BESIII for the answer!



y’— J/y-Contained

Motivation: Improve Exp. Precision and Test The. Calculation

B(y(2S) — hadrons)/B(J/y — hadrons) = Theoretical prediction for

B(w(2S) — gg99 + g97)/B(J/v — ggg + ggy) Charmpnlum he%dromc
transition amplitude can

= 0.23 £ 0.07 : Disagrees with "12 % Rule" be tested by the high

Important o measure ' — X J/y and components. | | statistics measurements

G. A. Miller : Phys. Rep. 194,1(1990).
Y. P. Kuang : PRD24, 2874(1981);D37, 1210 (1988)

Inclusive Method [BES-I] Exclusive Method [BES-II]
XSy, J/w—=> utu- YW/, JSy—> -
Anything J/y Both accepted by 'y
o0 J/y PRD; nJ/y
nJ/y hep-ex/0403023; Y Aet s Xt =Y W
Y Xets Xer >V S/ hep-ex/0404020. Y Xezs X2 =Y /Y

Y Xezs X2 DY VW



v - X Jhy

Method — identify J/y — pru-

Select muons ; I C fit to my sy, ; determine my

my is plotted for with and without extra charged-track
cases. Fit two plots simultaneously with component shapes. | x°<7
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B(y(2S)— XJ/y) (%)

—a—i CBAL 86 ‘
— ooLE Y X1 — o
v Y Dase 76 el L AL DAsP7s
c2| CNTR78 —e— CBAL% CNTR78 ,
CNgB 77 —— Q7 MRK1 76
. : MRK1 76 —— D2A2§55)07g 1340840
1.240 740 BES(ee) 04
—— BES(ee) 04 P — CNTR 78 T 2.9140.1240.21
1.640.0510.1 2540540 J/
e BES( o4 oz e s | T|IIY
—e— BESO4 | MRK1 76 ~ e, BESO4
2840940 2.9540.0940.23
re \W;_ﬁ;o_ﬁom —e—i BES(ee) 04 ﬂ W.A. 2004
IIIII 123 — BzEssgo.(oI'éi%2504 Y A R
B(W(2S) =1, 1r /) ——  BESM4 B 9228)_) J )4(0 " 5
: WX WA 2004 Viesrmnay) T M

First measurement '

] N e MRK2 80
B(y —>n'n® J/y)=(18.2+ 1.2)% 4 5
‘ —7JA) ( — o B SjA'-BO

DASP 79 . o  BES(ee)04
e O 13942413
XJhy moJ/y —_—
—_——— MRK1 80 14741941 3
= — BES 04
'_._'4——— BES 04 14341441 3
ss7izs W.A 2004
——
W.A. 2004 e
BES measures the BRs. oo
: . . B(y(2S)—r°JAy) (x107
40 60 &0 in high precision! WEDI=E I 6107




v'—=>7y v Jy Discussions

R = I@ES)-ni/y)

BES (+PDG for Y): — T(%(28)-a%J/y)
R=0.0480.007 R = rute—s
R’ <0.0098 ey
R**<0.0065 R = vz Sni o)

« PCAC [G. A. Miller, Phys. Rep. 194,1(1990)]: R=0.0162  (too small!)

27 Pr
R T = (- mf s - 05 mat u)

* QCD Multipole Expansion & BTG potential model
[Y. P. Kuang, PRD24, 2874(1981), ibid. 37, 1210(1988)]

R’ =0.0025 o (ET) (pﬂ%@g)))ﬂ' (f(ﬁég)))z

R”’=0.0013 m\* ( p(X") )
R’ n (m—b) '(pf(éég))) '(%)




Summary

Studies are made for and channels, about which
the cont. contr. and its interference are taken into account.

For VT channel, and are measured.
For PP channel, is first observed in vy’ decay; and
the precision is improved for

v’ = J/y-contained final states are studied to improve

experimental precision and test theoretical predications.

Test of 12% rule ;
Study of phase between strong and EM amplitudes ;
Prediction & Evaluation involving mixing model.



Thanks a lot !

5347 |



Search for ', J/yv - Kg Ks

e CP violating process
e Test EPR paradox
(Einstein-Podolsky-Rosen)

e MarkIIl: 2.7M J/y
BJ/y - K K )< 5.2x10°6
(@90% C.L.) ’

e BESII: 58M J/y
14M v’

Events selection

4 good charged tracks
Q(sum) =0
lcosB| < 0.8
K, decay length

Lxy >3 mm
M__ - MK|>2 Owm



\|f', J/\V —> Ks KS

2 circles — 1 0 & 2 0 regions from MC

1 evtin 2 O region

16—
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- eff=20%

.8 1.9
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v’ = K¢ K¢ candidate




\|/', J/\V —> KS KS

Upper Limits (@95% C.L.)

R J/v ¥(25)
nobs 1 1

noft 4.74 4.74
emc (%) 20.74 4+ 0.41 19.18 +0.39
Eirg (70) 98.240.2 96.5 + 0.7
Eond (%) 929145  96.21+5.8
Ny (25)(10°) BT.7+£2.7  14.0+0.7
B(KY — ntn™) 0.6860 & 0.0027
B(R— K{K)) < | 1.0x107° 46x107°

*Ist upper limit for B(y' — K¢ K¢ ).
Higher sensitivity for B(J/y — Kq Ky) upper limit.
*Sensitivity insufficient for testing EPR paradox and

CP violation.

PLB (in press)




V> VT Event Selection

Four charged tracks with net charge zero;
|c0s0|<0.80 for all tracks;

PartID using TOF+dE/dx
At least 2 photon candidates for 7 channels;

Remove y(2S) - n* 1~ J/y background;
Kinematic fit (4C/5C), Prob>0.01.

AU S o

Ertries LR 2000 ] mms = 2000 3 f

2000 [9T & 2000 (g8 1

1 Of w(2S) >5

40 _+ ut here

| $ h Data/MC
| . % +++++++++ ++++ o

P L o W o)



Jv, v’—pr

To measure B(y "’ =2 pm), the best
way 1s to do the energy scan!

ok
TN V%4
FEALRE s &

7\
%
FiF \\,‘

1]

sl EE e T hf? band is for non-zero-

: M Bawes)3pm!:

w6 [ 90° —
M- A o° f ]

l"'!\ 12:_ 1800 A,,;-ﬁ _:
'g_ B é &N ]
— o \7 ) =
38 \;g )
© s ~

\\ kL A
4 ﬁlllllllll“““““

2

0
i _E{/h/(///./l’&}:.l
R

\‘ ""-:'-'-Q\n\\\“\\'&\m“\\

0
3.72 3.73 3.74 375 3.76 3.77 3.78 3.79 38 381 382

IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII

E__(GeV)

A solution of v’ suppress
Wang, Yuan and Mo: PLB574,41(2003)

™ — ha — ™ ra
n =] tn tn in =1
T T LI L T T T 1T TT T T T T 11T I_

(KK’ + c.c.) (ph)

ha
tn

U 1 11
472 373 374 395 36 3FF 378 3F9 38 381 382

tn
T

o(K*'K%+c.c.)
For ¢=-90° !

E_ (GeV)

MK3 UL (<6.3pb)

Favors ¢=-90" !

Missing pr signal and/or

enhanced K*'K? signal
indicate BRs at 10 level.



y’— J/y-Contained

Both Accepted by PRD

J/y-contained final state ( XJ/v, J/w— u* u~ ) Inclusive Method |BES-I]

Channel By j1y /' Bry gy (%) By 1 (%) B 55, = (30.5 £ 1.6)%]
Anything J/v 1.867 £ 0.026 £ 0.055 569 +0.8 £3.4
' Sy 0.570 = 0.009 + 0.026 174+ 03 £1.2
nJy 0.098 + 0.005 = 0.010 3.00 £0.16 £ 0.33
Y Aet s Xe1 =YV 0.126 £ 0.003 + 0.038 39+0.16 £1.2

Y Xezs Xe2 DY VW

0.060 = 0.000 + 0.028

1.84 £ 0.01 + 0.86

J/y-contained final state (yyJ/ v, J/w— [*]-) Exclusive Method |[BES-II]
Channel BW T, I it (%) Bw I, Jy—sete (%) Combine Bw Wy (%)
" J/y 0.147 = 0.019 £ 0.013 | 0.139 £0.020 £ 0.013 | 0.143 +0.014 £ 0.013
nJ/ v 3.06 £ 0.14 £ 0.25 291 £0.12 £ 0.21 2.98 £0.09 = 0.23
Y Xt » Xeg =Y IV 9.11 +0.24 + 1.12 8.73 +0.21 + 1.00 8.90 + 0.16 + 1.05

Y Xezs Xe2 DV Y

8.12 £0.23 £ 0.99

7.90 £ 0.26 = 0.88

8.02 +£0.17 £ 0.94




