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BEPCI & BESII ..l
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Large data samples

Updated detectors /

E., = 2~4.6GeV \

Lpet= 10%(ems) . BESIII is excellent!
|

Abundant potential physics with BESIIl. 4 Ep
e ————————————————————————————————————————————————————————————————— ]\
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BESIII data samples

Number of resonant

Energy points luminosity events
JIg 81 pb-1 225 million
11} 163 pb-1 106 million
3.65 GeV 44 pb-t A unigque facility
W(S770) 2.9 b~ Open ma;r?y physics
4,01 GeV (J(4040)) 0.5fb1 opportunity!
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C harmOﬂ | U m SpECtrU m below open charrthreshold
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Measurement ofh_ at BESII!
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h.(*P,) singlet 1P wave state

> Predicted for a long
» Spin singlet P wave (S=0, L=1). time

» Hyperfine splitting of

Hyperfine mass splitting is an indication

of spin-spin interaction: 1P _STHTE-? (SPin'_SPin)

AM, (1P) = > iso-spin forbidden

M(h.)=1/9(M(Xc0) +3M(Xc1) +SM(Xc2))- transition y'—> 0 h,

| | » Mass and product Brs

> E835hfc§nd evidence for h, in from CLEO-c¢

PRV [PRL101.182003(2008)]
> CLEO'C : |]I.-.']IJ!-i.'|-:.'. |'..1:|:|u~1'r|:
> observed h. in '>1Ch,, h. >y, Gomteance 100 R

Ath(lp) = 0.08+0.181+0.12MeV/c2, Mih) (MeV) 352535 + 023 0015 352521 027+ 0,14

B, xB, <100 422+ 04 =052 4.15 = (048 = 0.77

e — Ve N ™ e
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Measurement of h (Inclusive)

BESIII Collaboration: PRL104, 132002, (2010)

El-tagged
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Select inclusive TP in ' decays (y'>1h,)

Select E1-photon in h,2>yn, (E1 tagged) or not
(E1 untagged/semi-inclusive)

El-tagged selection gives
M(h.)=3525.40+0.13 +0.18MeV
(AM,((1P)=0.10£0.13£0.18MeV/c?)
(h.)=0.73%+0.45 +0.28MeV
(<1.44MeV at 90% CL)
Br(¢'=>1°h, ) XBr(h .2y, )=
(4.58+0.40+0.50) X104

N(h.) = 10353+ 1097
El-untagged together with
tagged selection gives the first measurement

Br( /> mh,.) =(8.4+1.3+1.0) X104
Br(h.2>yn.)=(54.3+6.7£5.2)%
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Measurement of the h (exclusive)

Events/1 MeV
B Emae

Events/1 MeV

Events/1 MeV
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Events/l1 VeV

16 decay modes are studied:
PG L|J’9Tl0hc,h 2N N2 X

deaimsGe) X ppbar, 411 4K, 212K, ppbarrur, 61t
2K4T[, KKT®, ppbarnO KsKrt KskK3r,
), KKn, 41, 2m2re, 4m2me

Events/l MeV
5w s & =

Events/l1 MeV
Events/l1 MeV
w5 5 M B

&

Simultaneous fit toT® recoiling mass
M(h,) = 3525.31%#0.11+0.15 MeV
I'(hc) 0. 70t0 28+0.25 MeV

N = 832£35 i ggg)|| prellmmary
x¥d.o.f. = 32/46= = ====-------=-




Precision measurement of
the n. Mass and Width
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l-l-’, 9Vﬂc9YX|

The lowest lying S-wave spin singlet charmonigowas discovered in
1980 by Markll.

Earlier experiments usingllradiative transition gives
M(n.)~2978.0MeV/€, ' (n.)~10MeV.

Recent studies using the two-photon processes gives
M(n.)=2983.1 1.0 MeV/e, '(n,)=31.3+1.9 MeV.

The most recent study from CLEOpointed out the distortion of ting

line shape in)’ decays.

Measurement of thg, properties at BESIII
& Data sample: 106Ny’ events, 44pBcontinuum data at 3.65eV
¢ Decay modes XKsKrt, K*K-10, nrt'tt, KsK3rm, KK 0,
3(1t'1r), whereKs> 11, N 2Vy, 02> vy

Slide 11



Backgrounds for Q' 2>yn .2 yX,

> P >10X
With the optimized selection, the mass spectratf¥r events are

measured in data and scaled according to theifiolllation to
estimate the contribution ym,. candidates.

» Non-resonant contribution ' >yX.
exactly the same final states, can not be removed.

» Rare backgrounds

Production rate or efficiency is very low, estintat®ased on the
Inclusive MC.

» Continuum events |
Estimated by using the 44pllata taken a8.65GeV. |IHEP
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N. LiIneShape@CLEO-c
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* CLEO-c observed an abnormal n_ line shape

« [tis explained by a M1 transition factor finally in the

published paper

Phys. Rev. Lett. 102, 011801 (2009) n
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N. LiIneShape @BESIII

The abnormal line shape 1s also observed in
BESIII exclusive channels with larger statistics
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« We also found only M1 factor cannot explain it

» The interference between n_ resonance and the same
final states 1s proposed Slide 14



Mass spectrum Fitting
PDF = c®(&-|€- f,-BW +a-BG[ -f,)

A RooPlot of "Line Shape Toy" |
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The simultaneous Fit

The n. mass, width and interference phase @ are constrained to be the same.
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Simultaneous fit with modified Breit-Wigner (hindered M1)
with considering interference between n. and non-n. decays
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Mass and Width of n,

1 BESIII preiminary

| « mass = 2984.4 0.5,,+0.6,,; MeV/c?
| ¢ width = 30.5£1.0,,,,+0.9,  MeV

IR e S e R A e s g

I I | I I
= Belle yy Belle yy
CLEO yy CLEO yy
BaBar yy BaBar yy
CLEOc J/y CLEOc J/wy
(stat.only) (stat.only)
—— BESIlly" | | % BESII v’
BESI1I Prelimin
| | | 1 1 1 | | |

| 1 | 1 1 ‘ | 1 |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n, mass (MeV) n, width (MeV)
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The first observation of the M1
transition W' -2>yn.(2S)

|IHE P
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N(2S) hever confirmed in M1 transition)

> First “observation’by Crystal Ball in 1982 (M=3.592, Br=0.2%
1.3% fromy’ 2>yX, never confirmed by other experiments.)

» experimental challenge : search for real photons50MeV

» Published results abont(2S) observation:

Experiment M [MeV] [" [MeV] Process

Belle 1] 3604 + 6 + 8 B* — K¥ 1,(29).1n.(25) — [NgNF7]
CLEO [2] 364294+ 3.1+ 1.5 6.3+ 124+ 4.0 vy — 1. (28) — [Ix g T
BaBar [3] 36308 +34+ 1.0 17.04£83+25 VY = 1e(25) — [INg N
BaBar [4] 36450 + 5512 ete™ — I/ ipec

PDCG |5 3638 + 41 14 £ 7

Combined with the results based on two-photon E®ee from
BaBar and Belle reported at ICHEP 2010, the workerage
[[(N(2S))=12+-3 MeV.

» Decay mode studiedy 2yn.(2S)> yKsKmt (K*K-pP etc. in
progress). Better chance with ~106M y’' data at BESII

Slide 19



Mass fitting

__________________________________________

> N (ZS) signal: i F(r] [(2S)) fixed to 12MeV (world average)

l

M1 transition

> X.; MC shapd] a Gaussian

> BG from PKsKTT,

EYE() + (Ey — E())2

Fixed to the linear

Extrapolation frono(x_)

For convergence

Measurement + scaling with MC simulation continuum (KSKT[(y|SR))Z

=
S
L

= = =
s = ;
= [ S

Events / ( 0.005 GeV/c?)
§

0-03|\‘||\||\\||‘||\\|\\|

- With radiation
(a)

=]
T

] _

| *aWithout radiatiol

» BG from Y'2>KsKT(Yrgr) &

|

Vv
=
=
[==)

(b)

Projection of background ( / GeV/¢? )

=1 L1 | III|III 11 1 III|II 1 11 L1 | | |
348 35 352 354 356 3.58 36 362 3.64 3.66

3C 2
\Y s K (GeV/c)
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Mass spectrum Fitting

— I T T | I T I T [ I T T . T T T T :
o | v2indf=0.9 BESIII preliminary -
> 10’ — data | _
G s — fitting results €
oL === Ko i
< 102k - nc(zs) —
- — % & O\ ... ' - =
< E X background s
—~ ~ AL “ ' N
E ‘: --------- \‘l 4 |
5 logtr T i, 3 =
a RO -
: LT A 1
1 Rt RN . \
— .{f ] | ] ] | | ] | /‘l I‘ d| ] ] | \I ] ] ]
3.5 3.55 3.6 3.65 3.7

M3C. (GeV/c?)
& N(n.(2S)) = 50.6-9.7.

€ Pure statistical significance more tham
€ Significance with systematic variations is still radhanso.
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Preliminary measurements from
W >N (2S)DYKSK T

>M(Nn((2S))=3638.5- 2.3, + 1.0, (MeV/c?)

ﬁBr(Lp 2> (2S)>YKsKm=(2.98+£0.57,,,+0.48,,) X 106

 Br(n(25)~> KKT)=(1.9+0.4+1.1)% from BaBar

>Br(y >yn(2S))=(4.70.9,,,,+3.0,,) X 10"

CLEO-c: <7.6x10 (@90% CL) (PRD81,052002(2010))

Potential model: (0.1-6.2)x10-* (PRL89,162002(2002)) ..
(-
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Future Plan @BESII|

~0.5 fb'! at P(4040) taken already
-Search for XYZ states
-Hadronic transitions af(4040)
-Radiative transitions af(4040)

~0.7 B1.0 BY(2S) events are expected in 2012
|

IHE P
N
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Summary

> High luminosity by BEPCIT and the good performance of BESIII
give us better chance to study the chamonium spectroscopy.

» Study of h_ at BESTII (inclusive & exclusive) gives the
measurements of mass, width of h_as well as Br(¢'>1°h,_,

h.2yn,).

> Precise measurement of the properties of n_ done at BESIII.
The observed distorted n, line shape could be described
successfully by including an interfering non-resonant amplitude.

» Searching for n(2S) in the M1 transition Y'->yn.(2S).

> More results will come out soon at BESITI.
I — Y N o =
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Mass spectrum fitting
PDF= o (X (c|e'” f1S + aNon|*f2) + BKG

» S: signal function (BW with mass width floated)
» Non: non-resonant yX. PDF (all assumed to 07)

» BKG: the sum of other backgrounds X + other rare y’ decays +
continuum, fixed in the fitting

» @ interference phase between n. decay and non-resonant contribution

Fit results for individual modes: Interference
mode (%) signal yield £ (%) mass (MeV /¢2) width(MeV) i x?/d.o. f signivﬁcance
KK Tma— 580.4 35.0 2084.7 &= 1.2 32.5 £+ 2.3 l 2_.9_:|:_{;3_| 1.1 6.4
K+ K —x° 948 .4 25.0 2950.3 = 1.5 30.5 &=2.4 : 2.4 4+ 0.4 : 0.9 3.4

T 573.4 25.0 2082.4 = 1.8 31033122402 I 1.2 3.8
KoK tTatmm— 432.3 11.0 2086.9 = 2.1 34.1 &= 3.3 I 2.3+ 0.2 : 0.7 4.4
K+TK—ata— Y 1033.6 11.0 209854 =1.3 29.1 £+ 2. 12.6 +0.2 | 1.2 7.0

3(mwTm) 664.4 17.0 29856.8 = 1.3 33.7T = 3., :.2_3_:|:_U_l_| 1.1 7.0
combined 4532.5 - 2984.5 4+ 0.6 31.7 = 1. 2.5 +0.1 - -
C.L. - - 1.19¢ 899%% 289 - -
A 4

Constant fitting giveg?/ndf=5.142/5 Slide 27




Events /10 MeV
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Results of the fits for different

B = 0.00296 + 0.00054
Fv_gamma = 0.0325 + 0.0023|GeV
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[v_B= 0.148+ 0.014
[v_gamma = 0.0337 £ 0.0031|GeV
[v_mean= 29868+ 0.0013 GeV
[v_p1=-69.8347 £ 0.096
Cv_p2= 12248+ 0.035
Fv_phi= 247+ 0.12 rad
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- ]
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n. Candidates/10 MeV [x107]

n. the lightest charmonium state

WEIGHTED AVERAGE

WEIGHTED AVERAGE
2980.3+:1.2 (Error scaled by 1.8)
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n. lineshapefrom Y'->1°h,, h.2>yn.

> - ..
160
g ” :_BESIII Preliminary > ™ CBESTIT Prefiminary
- = 150F
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20 g L e ¢|r o e T T T e s 0 '23.2
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The n¢lineshape is not distorted in the h.-yn,
Detail analysis of n. parameters is ongoing
? L |
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A\

Mass spectrum representation

The 4C kinematic fitting used to select the yKsKrt candidates (x2,-.<50)

Still some KskKmt BG events contribute the yKsKrt candidates with a fake
photon.

The invariant mass from 4C-kinematic fits make the BG > KsKmt
contaminates the n.(2S) mass region (3.6~3.66GeV).

The mass from 3C-kinematic fits (the measured energy of the photon is
free) is little biased by the fake photon.

Difference small between 4C and 3C for signal events

100 2500F

80 2000

60 1500 F

40 1000 |

20 500[-

0 = Ll ag t ' AT L1 11 1111 gl ._T‘.—.—.-..+ aa 0o
- O 361 362 363 Tor e it 6T ie 3.69 036 361 362 363 364 365 366 367 368 369 kum

M..... (GeV/c) M (GeV/ch)

So the 3C fit mass used to determine the yieldspanametersgye 31



Entries/3MeV

More consistency checks

« Difference between the BG estimation and masa@tihPN=12+14
» Branching ratios foq)’ 2yx. ;2 yKsKm

From this analysis (stat. err. only)

N, obs

€

B — yyer xer — KgK*n™)

B from PDG

Xe1 | 7065 £ 88 | 27.2%
X2 | 1204 £ 37 | 26.0%

(3.54 +0.15) x 1074
(6.31 £0.30) x 107

(3.39 + 0.34) x 107
(5.81 +0.91) x 107?

* The distributions of the selected photons
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