BESIH# il 3

FH1ma

3 K AE
(/X & BESA&-4E4H)
A I ) A SR 5 AT

+

RL PR AR 25X

20084F4 J126-29H, BT




Jb 5 1 51 X AL (BEPC) Fl

jhﬁi“‘@((BES)

E%%?%ﬁ
éﬁf_bf)ﬁi‘,t“ﬁ*‘%
ete A2 K I,

=1031/ cm2 / S

peak

*lﬂ“ﬁ’b%ﬁﬁ ﬁ




BESIT data samples

Data BESIT CLEOc
J/y 58 M -
v’ 14 M 25 M (2006)
s 33 pb-! ~800 pb-1(2006-07)
Continuum |6.4 pb!(Vs=3.65 GeV)|21 pb1(Ns=3.67 GeV)
BESII A typical event
Performance : 3‘;;89‘}‘;;?;1;"
op/p 1.7%/1+p? - Iy ete
GE/E | 22% /\E > R
PartID dE/dx+TOF \ / T
c 80% | [ | i)
overage L{x% /_ _
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R Value

EJ’*Q*%

PRL84, 594 (2000)
PRL8S, 101802 (2002)

>BESH| & 25 R ¥ 3412 Z 76.6%,
1 LEANE X SEI R 5 T 2-31%

>3.7-4. 5GeVﬁ“§t?EI%l H X 28 43 1
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Events/0.01 GeV/c?

X(1859) In Jhy—=>yppbar

N X(1859)

n

C

1.90

2.15

2.40

M(p p) (GeV/c?)

2.65

2.90

PRL91, 022001 (2003)




X(1859) In Jhy—=>yppbar

Assuming J™ =07 : 150 [
N S9! — 928 +57 :
M =1859" ;"> MeV
'<30 MeV @ 90% C.L.
B(J/y > yX > ypp)=

(2€—|—l)k3

q
BW(M) = (M*—M3)*+M:T'*

—
o
S
I
+
+

Evts/0.005 GeV/c?

50

L T N
7.0+0.412)x107° e N
( ) 0T \Background / .

The nature of the Efficiency curve

structure is unknown
and there are many
possibilities.

Weighted Evts/bin

0.00 0.10 0.20 0.30

PRL91, 022001 (2003) M(p p) - 2m, (GeV/c?)




Observation of X(1835)

JIy—>wmnrn .

Data selection:
* vy mass cut
* part ID

* kinematic fit

* n' mass cut

PRL95, 262001 (2005)

Shape of phase space
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EVENTS/(40MeV/c?)

EVENTS/(20MeV/c?)

Combine two n' decay modes PRL95, 262001 (2005)

— N
co (o)} £
- o -

o

—
£ co N
- o -

o

X(1835) |
o Fit with BW + polynomial

backgrounds, considering
mass resolution.

Statistical significance: 7.7c

1.4 2.2
M(x'tn’) (GeV/c?)

Mass res. ~ 13 MeV
Efficiency ~ 4%

N, =264+54

M =1833.7+6.1+ 2.7 MeV/c?
[ =67.7+20.3+7.7 MeV/c*

1.4 2.0 2.6
M(r'mtn’) (GeV/c?)

B(J/y — X)B(X »>7"771n')=(2.2+£0.4+0.4)x10™




X(1835)=X(1859)?

2 p— — e—— M = 1831+7 MeV
- | Include I=0 FSI

correction (hep- | [« 153 MeV

bt """ ph/0411386), 100 N
t | refit BES ppbar | (2m=1876 MeV)

mass spectrum

50

— 0
N N I B | 0.00 0.15 0.30

M(pp) - 2m_ (GeV/c?)

X(1835): > Mass agree
M =1833.7+£6.7 MeV >Width not contradict
[ =67.7+21.7 MeV >No JP in both cases




What is X(1835)?

Further arguments support X(1835)=X(1859)=ppbar
bound state:
- ppbar bound state couples to n'nr large

[6.J.Ding and M.L. Yan, PRC72, 015208 (2005)]

* ppbar bound state couples to ppbar strong
[S.L. Zhu and C.S. Gao, hep-ph/0507050]

B(J/y > vX)B(X > m'mn)=(2.2+0.4+0.4)x10"
B(J/y - yX)B(X - pp) =(7.0£0.453)x10°°

More data, more experiments, more information needed
» mass and width, most importantly J?
* more decay modes
- more theoretical calculations



Light scalars

» Many scalars found in experiments
» Do the sigma and kappa really exist?
» Have we seen scalar glueball already?

There are many experimental results from BES ---
(theorists (will) give interpretations)
+ States in J/y decays

- phi pi pi/phi K K fo(600) or o
- omega pi pi/omega K K f,(980)
- gamma pi pi/gamma K K £.(1370)
- i pi (the k
b P e f,(1500)

+ Sigma in y'>7n'nJ/y
+ . decays fo(1710)
- Pair production of scalars f,(1790)



The scalars

f,(600) or o:
f,(980):
f,(1370):
f.(1500):
f,(1710):
f,(1790):

PLB 607 (2005) 243
PLB 603 (2004) 138
PLB 598 (2004) 149
PRD 68 (2003) 052003
o L PLB 642 (2006) 441

0 o 1 L1 3 11
025 05 075 1 125 15 {75 2 225
/KK Mass (GeV/c)




Events/30MeV

Events/30MeV

400

200

400

200

0 oY

I 15
M(K*K) (GeVi/c®)

2

PLB 607 (2005) 243

f,(980) parameters:
M =965+8+6 MeV

g.. =165+10+15 MeV

Ok _ 4914 0.25+0.21
gﬂ'ﬂ'

f,(1370) peak seenl!
M =1350+50 MeV

['=265+40 MeV

| Observation of f5(1790)?

M =1790"% MeV
=270 MeV




Couplings to y, ®, and ¢ in J/y decays, and
decays to n*n- and K*K- reveal its naturel

Scalar B(¢S, S>=nr)(10-4) B(¢S, S>KK)(10-4)
f,(600)/c 1.6+0.6 0.2+0.1
f,(980) 5.4+0.9 45+0.8
f,(1370) 4.3+1.1 0.3+0.3
f,(1500) 1.7+0.8 0.8+0.5
fo(1710) -- 2.0+0.7
f,(1790) 6.2+1.4 1.6+0.8

B(J/y — #,(1710) = »KK) = (9.6"3)x10™
B(J/y — of,(1710) - oK *K™) = (6.6 £1.3) x10™

BR(f,(1710) — 7x)

BR( f,(1710) — KK)

<0.13 @95%CL

Use of these information
can be found in
PRD71, 094022 (2005)
PLB631, 22 (2005)
arXiv: 0710.4452 ...




The mixing of the scalars

Idea available long time ago,

a recent analysis in . >
PRD71, 094022 (2005)
By Frank Close and Qiang Zhao

fo(1710)) = 0.39|G) + 0.91[s5) + 0.13|nn)
fo(1500)) = —0.73|G) + 0.37|s5) — 0.57|n7)
fo(1370)) = 0.56|G) — 0.12|s5) — 0.82|n7) |

The mass of the scalar glueball is about
1.46-1.52 GeV in the same scheme.
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Recent review, see hep-ph/0611214
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15 16 17 1.8
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2r . Lt
BES#(#&
22
- \IJ(ZS)
> |
<)
2 18
|
21.6_ -
Lal 1'5%[:
4 16 L8 2 22

MK n(Kp)) (GeV/e))

M(Kp(K'n)) (GeV/e?)

*XJUUHJ ?Uﬁ%iﬁ AN

1.6 | J/\V -

L4 7 ' 1.5 ' 1.6

MK p(K'm) (GeV/c)

Select v’’ and Jiy—=>KspKn+c.c., search for single ®
production or pair production. Very few events observed,
In agreement with the background fluctuation.

PRD70, 012004 (2004)
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Photoproduction on Nuclei & =l % CLAS-A1 % LEPS— LHPS- d2§]]l[] LASHd2
Photoproduction on Proton pkK.® & | sAFHIR 1]]]] CLAS gl
Photoproduction on Proton nkK*'K-=* % CLAED
Exclusive K + (N) — pK_® & DIfNA BELIE
HEP Electromagnetic: &% — p K, Hermes = [Eyeug Facus (D] (D]easar: {’IIBI[[[D
MNeutrines pBC% SPHITMX, BaBalz
p+A— pKO+X :p+p — pKo = LR MR [ €[ Hyrercr EE=
Other &7 Upper Limits REC JFW'HER‘&"B(]]]MI[[] AL EPH NASQ[”ID
21: j{ 75‘ ﬁlj Tor
%:. AEZ| /
CoE
p+plorA) =5 "+ X:ete MaddeEANS | wies (DA EoeT | et | | (D|ESSD
HEP Electromagnetic prod. = IL?EEFUHSES }l][[[* COMPRASS
Inclusive &% ¥ —pK+ Herries (Ih{2e= ZEUS % STAR RHIC
Inclusive 8% — DO~ p HiHERA | S || jzEus
ALEPH  FOCE
s w1 |3 |8 |7 w1y s s |7 o juft [z]5 |7 |2 |0
months | ) 2|z |3 |6 |e |||z |4 |s |8 |||z |4 |6 |8 |m]|

BESH XIRiE T A A5 550 (1540) RAGAEW LI 51|
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vy decays

+y"(3770) is above the open charm threshold, expected
decay predominantly into charmed mesons.

*However, old experimental results indicate big charmless
decays [11 6nb for o(e+e->y"), 7.1nb for o(e+e->y">charm)]

* Search for exclusive decay modes
« Transitions to lower mass charmonia
*Decays to light hadrons

* Inclusive measurements
Low mass <+total hadronic cross section

charmonium? < Total D cross section
Light hadrons?




Observation of v’ 2> r*nJ/y

Nobs  =17.8+4.8 < | ' ! '
Nbks = 6.0+1.4 S | . ‘ :
Sigral=11 845 5 25 - Blank: e*e -
=118+, S | Shaded: pp ‘
S 20 —

BR=(0.34:0.14£0.09)% = |
'=(80+33+23) keV 15 -
0l :

First non-DDbar decay of vy’

Agree with multipole expansion
— Kuang: PRD65, 094024 (2002)

Confirmed by CLEOc later

[ 1y [] ]

— BR=(0.189+0.020+0.020)% 3 13 3.3
[PRL96, 082004 (2006)] Fitted mass (GeV/c’)

PLB605, 63 (2005)



Search for inc

usive y" charmless decays

CLEO- D" D D*+D
PRL95, 121801 (2005)
PRL96, 092002 (2006) |BES? (Single)  +—emt v ——
BES: BES2 (Double) +—e— —e—s — o B
PL8659, 74 (2008) CLEO (Double) .- e o
NPB727, 395 (2005) |
PLB603, 130 (2004) verage  §

-1 0 1 2 3 4 5 6

c(e"e*—DD) (nb)

CLEOc:

R valuesat 3.671and 3.773GeV =

o(e'e” »>y'')=(6.38+0.08"5) nb

o(e'e” —non—DD) =(-0.01+0.08"75:) nb
B(y"'— non—-DD)<11% @90% C. L.

BESII:

1 -6 B I( bI ) T | T | T T T
|~ e« p(3770) Data

- == QED + J/ + P (2S)
| —— Scaled qg

Fraction of Events / 0.01
@) -
® N

o .
I
T 1 1

oo
1

R Value

S ¢
- A Gamma2
4.5 |
- @ BES (PRL 84(2000)594)
o O BES-Il (PRL 88(2002)1018021-1)
3.5  *
3 ¢
2.5 |
2t
1.5 &

4

BES-Il (this work) -

R values at 3.65, 3.665 and 3.773 GeV =
B(y"— non—DD)=(14.5+1.7+5.8)%
Cross section scan around " peak =
B(y"— non—DD)=(16.4+7.3+4.2)%
Leading particle momentum =
B(y"— non—DD)=(15.1+5.6+1.8)%

DDbar x-sections agree
Non-DDbar: not inconsistent

| (interference important)
Three BES measurements give similar results.



Search for invisible particles

7 3% DARK ENERGY

.\23% DARK MATTER

3.6% INTERGALACTIC GAS
4% STARS, ETC.

N
.L.

WIMPs are good dark matter candidates, they may show
themselves in particle decays into invisible final states!




Tag direction

Events/1 MeV/(:2

=
2
A
7~

Jw=>0m, on’  PRL97. 202002 (2006)

Missing direction
n/m’—vv

-
-
-
-
-
-
-

I ==

[—
[ ]
L

5

[—
=]
—

R [ML

0.9 0.95 1 .05 L1
2.
M (GeV/cT)

o O O O

Events/5 MeV/c

Two good charged Kaons

No hits outside of 30° cone
COS(emissing) <0.7

1.005 < M(K*K~) < 1.035 GeV;

£ ()

W |

[

ll 1.051.11.151.21.251.31.351.41.45
(GeV/c)

=

11]199



Search for n/m’ =2 Invisible decays in Jh\y=2>¢n/n’

An unbinned extended Maximum Likelihood Fit:

. ﬁ e ( \Ffzg—kj\ﬁﬁig—}—ﬂ'rbkgd) .
E(i\re?g \e?g \bkgd) NI H *N %qf?tq mtﬁr) +
*N?EQF:??Q(P;M??) *?\'bkgdfﬁkgd(Piﬂss)L
% 14 BR(77 — invisible) <1.7x10°° @ 90%C.L.
G 12 BR(17 — 77)
o 10 + + ' invisi
S BRU7_ = invisible) _ ¢ 7,102 @ 90%C.L.
= sE UL T BR(7"— 77)
- A2 il
S e H 1 B(n—=>invisible) < 6.4x10* @90% C.L.
o 4 '.| 1 {
o _l_ B(n'>invisible) < 1.4x10-3 @90% C.L.

1 105 11 1.15 12 1.25 13 1.35 14 1.45
(GeVic)  B.McElrath, PRD 72, 103508 (2005)

B(n—=2 yy )~ 7.4x107->
PRL97, 202002 (2006) B(M'> yy ) ~ 8.1x10~7

mlssmg



Jhy=>invisible

e Y(2S)2>n*mlhy asally
sample by tagging w*m

1500 ¥ LI ¥ LI I Ll ¥ L] I I L] L] T

arXiv: 0710.0039 [hep-ex]

PRL (in press)

Select two low momentum pions, and
require no other particles in detector.

Background y

6424+137 evts

agrees with
continuum

data at 3.65
GeV

S

=)

>
|

500

Events/5MeV/c®

() 1L 1 L 1 l

———

3.00 3.05 3.10
M_._(recoiling)

T+TC

5 '.Ezo
(GeV/c?)

Peaking background

Background channel Efficiency | Expected
(W(2S) = ata J/, I/ =) (%) Ng
W 0.964 |2543 + 254
ete” 0.907 [2393 + 240
na _y 10.46 | 1011 + 85
e Lower limit 0.434 19413
iz’ Of Npyq 0.486_|—29-10_
Total ( [6018 £514)
\/

B(J /w — invisible)

B(J/y > puy’)

<

0.012 @90% C.L.

More stringent constraint on NEW physics parameters:

(U-boson c-quark/LDM coupling) p pavet Phys. Rev. D 74, 054034 (2006).
P. Fayet, Phys. Rev. D 75, 115017 (2007).



+
= &

ITER

» BESTIiZAT104F RAREN &, BTk, £
&% . RWEVABIT T RF 7 @ BAF
TEZMELER

o MARK —Ey W AELAT, LERIPFRE

e 20084 B Bp A5z 4T BESTI 1A & 469 7]
= (AN EERIRE)

it |



