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* BESTIT experiment

- Motivation
CLEOc and SND results

» Investigated processes

* Summary



Experiment @ IHEP

BEijing Spectrometer ITI

e*e collisions

S tuned depending on energy [PhYSiCS P'"°9'"°m]

Muon Counter - 5C magnel. @

TOF _ /> Charmonium Physics
B | > D-Physics
Be heam pipe > Light Hadron Spectroscopy
> 1-Physics
Drifi Chamber Q

CsI{T1) calorimeter
D.M. Asner et al, Physics at BES-IIT, arXiv:0



Storage Rings
Beijing Electron-Positron Collider IT

oo ol wes 0L, WRE,

> Op’rlmum energy:
1.89 GeV

» Energy spread:
5.16 x104

> No. of bunches:
93

» Bunch length:
1.5 cm

> Total current:
091 A

» Circumference:
237m




3100
(2373)

Zero Degree Detector (ISR)

ESIII Detector

EMC: CsI crystals, 28 cm
AE/E = 25% @1 GeV
c,= 0.6 cm/\E

/ Magnet: 1T Superconducting

MDC: small cell & He gas
Oxy= 130 um
c,/p = 05% @1GeV

SuperconducipG M N
!
) | dE/dx = 6%




J/y Strong and Electromagnetic Decay Amplitudes

Resonant contributions
T30 ~ 93KeV — pQCD |
pQCD: all amplitudes almost real 2]
QCD -> &, ~10

Non-resonant continuum
pQCD regime
AEM EER

[1] J. Bolz and P. Kroll, WU B 95-35.

Strong — Az,

hadrons

Electromagnetic — A,

hadrons

Non-resonant Continuum — Agy,

hadrons

[2] S.J. Brodsky, G.P. Lepage, S.F. Tuan, Phys. Rev. Lett. 59, 621 (1987). 6



lectromagnetic Decay Amplitudes

real, they must interfere (&, ~ 0°/180°)

h the contrary &, ~ 90° — No interference
J/y — NN (%Y%) & = 89° + 15° [11: 89° + 9°[2]
J/y — VP (10) & =106°+ 10° 3]
J/y— PP(00) & =89.6°+9.9°M
J/y— VW (11) & =138°+37°

* Results are model dependent

T T T

* Model independent test:
interference with the non resonant continu

[1]R. Baldini, C. Bini, E. Luppi, Phys. Lett. B404, 362 (1997). R. Baldini et al., Phys.
[2] M. Ablikim et al., Phys. Rev. D 86, 032014 (2012).

[3]L. Kopke and N. Wermes, Phys. Rep. 174, 67 (1989); J. Jousset et al., Ph
[4] M. Suzuki et al., Phys. Rev. D60, 051501 (1999).



ectromagnetic Decay Amplitudes

3g match 3qq pairs

T EM contribution p = n, due to isospin

contribution amplitudes have opposite sign,
like magnetic moments

BR,, expected ~ 7z BR;

2

Az A, eR - R«l
A39 4 A'Y R ~

i Br(J /y — ni) :|A3g+A;
Br(J/y — pp)  |Ay, + A

But the BR are almost equal according to BESITII:
BR(J/y — pp) = (2.112 + 0.004 + 0.027)-10-3

BR(J/y — ni) = (2.07 + 0.01 + 0.14)-10-3

> Suggests 90° phase
[1] M. Ablikim et al., Phys. Rev. D 86, 032014 (2012).




ion for e*e -> w*n nP°

ce of ©(1020) amplitudes @ SND experimentl!]

pe indicates full 107

interference path

' 102

¢ decay in agreement with PQCD ]

~~

0

~~
o

Asg and Agy are both real

-1
10 L

[1] M.N. Achasov et al., PRD 63, 072002 (2001).



onstruction @ CLEOc
563 pb!  CLEO III +CLEOC

ound 20.7 pb! @ sqrt(s) = 3.671 GeV

ecay to Pseudoscalar Pairs (PP)

T AY
) KS(')KI? A3g

KK A+ A,

* Angular distribution: sin?6

* Background: QED processes (ete” — yy,I*l)

Combinatorial via sideban

S. Dobbs et al., Phys. Rev. D 74, 011



onstruction @ CLEOc

Charged m FF

B . .= (5.81+009)10%

RQ(2S)) = 22 = /%w 25 + 0.4 p = (Pe/Pa)?

« A(Y(2S)) = cos™? Byot~ . “0Brr) o = (95 + 1508
\[B 0 opB1T+Tl’

*3851105-019
T ""'-m:"w 14_"'Ib|'{6|"'"'I"'I"'_
(a) x*n E (b)KTK ERIOTS E =
il _35E E1;,3:_ vis e

o OF F1of
Sql _|e5F = of
= E 1 @r
P 20F ; o
c o ] -
o2 T15E 1 f
w s 1 .F
1 10F 14
5F 4 2f
0 . of %ot

nll 3 ] NP Ll P I
1.04 0.96 1.00 1.04

|||Iaﬁ-- I
0.96 . . .
E.//5 Exo/ Epparn

5



Wereme Already Seen?

Yes

e*e- — hadrons

o po—te e without The strong
10 o5 . {b) _ . .
R ee i contribution
_g,.m
109 i I L
leos(8) = 0.7 (c) 1
' 1 JZ Baietal,Phys. Lett. B 355
T2 | /\M? € ee 374-380 (1995)
E-‘ I:‘ f 1 |I L t |‘:
3.05. .. .E.-Ellﬂl T 3Jg_ — :3:]

ENERGY E,, (GeV)



igated Processes

enario: does not see anything

e phase is there, but the mean goes to O

Interference oc (f |3g) (f |#)
Sum over all the final states Z(C’vg | TXT )

Closure approximation Z| fXT|=1

But (39|7)=0 orthogonal states

If we sum over all the channels, the int



gated Processes

scenario: could see interference effects
>J/y ->pp,in NN
BR ~ 2.17x103 g~ 11 pb
eete > J/y->pn VP

BR ~ 1.69% O.ont™ 20 pb

cete > J/y -> 2(nn )
BR ~55% Ocont™ D00 pb



igated Processes

Ive scenario: could see interference
ffects also on

sete > J/y >t
cete > J/y -> KK

cete -> J/y -> KK

proposed and under study [

All the other channels for free

Even number of n: strong decay forbidd
-> interference must be

[1] H. Czyz, and J. Kiihn, Phys. Rev. D80:



um Cross Section

1 E M
i we o § i ﬂ%
R ++++++ A f
i | 4 *34'-&_‘__*__‘* +H+ 4 gz Iy \
OM L tﬂﬁ‘* _+++ +*+‘H++
Ocont 11 Pb 1 1.5 ) P (Gevﬁ’

g ® : 5 400
& 70F pn &£
60 - 300 T

1 m; %
7= o
ocon‘rN 20 pb —

II[I[I]IIIIIIIII]IIIIIIIIIIIIIII I

A0 | ¢ o5 ow g o om (g o5 om g o5 ow fog 5

V. Druzhinin et al., Rev. Mod. Phys. 83, 1545 (2011) ; B. Aube_




ase Generator

enerator

onte-Carlo method (100000 iterations)

* Cross section evaluation at each point

* Beam spread gaussian (0.93 MeV)

» Radiative correction (simple model to be optimized)
* Max radiation 300 MeV (~20% E )

* Cross section:

G[nb] . 127ZBin out |:W




Yields for e*e -> pp

T 10
° [ beam energy spread + {\
P o = radiative corrections
ALp Zz 90 E b . . d
- (to be optimized)
» o 10
Aq) = 180 :
10'2;—
continuum reference :
g~ 11 pb 10° —2506 3020 3040 3060 3060 IE;?IIOI\EIJ;V]
Ema g 10
:&102 ] j& -
5 no corrections [ beam energy spread
1 (0.93 MeV)
10" 10‘%—
102 ———— E
10° 10‘25_
10° 104;—
10° -
10¢ | | | | | | 10-4_|l||1||1:|11|11|11||111|8
3000 3020 3040 3060 3080 3100

3000 3020 3040 3060 3080 3100
E.,, [MeV] E. [MeV]



ields for pp -> p*y-

Ay = 90°
— Ay =180°

continuum reference
o~ 18 pb

3103 3103
= £
2107 ] B10°
no corrections beam energy spr'ead

10 10

1 1

10" 10"

10% 10%

10° 10°

10 10+

10° 10°
10-8 1 | S TS | SR ! L | | TSI | 10-6 | | | | L |

3000 3020 3040 3060 3080 3100

3000 3020 3040 3060 3080 3100
E.,, [MeV] E. [MeV]



ase Sign

PP |
Maximum differences at the 1% level
= +9Q°

107

102

'GI 1 1 | | | | | | 1 1 | | | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
107 ™3840 3560 3580 3600 3620 3640 3660 3680 3700
E._ [MeV]
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10¢

10°
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erference: 0°
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10¢

10°
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erference: 0°

ow W
IX The continuum
fix the slope

T IIIIIII| ! IIIlIII|

TN

X X

4

0 2960 2980 3000 3020 3040 3060 3080 3100

Mass [MeV/c”2]

Rate

10¢

10°

10*
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gy Points Choice

rocess
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Rate

10¢

10°

107
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IX The continuum
fix the slope

> 2 pts at deep positions

erference: 0°

| T IIIIIII| ! IIIlIII| T IIIIIII| T TT
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gy Points Choice

rocess

§105:— ;:;
erference: 0° | ]
= Bn .
ix the continuum I
fix the slope I
. . 103:_ *
> 2 pts at deep positions ;
540" 5960 2980 3000 3020 3040 3060 3080 3100
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i _ . mw*;— "
= PP . I
103§— 1035_ *
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fix the continuum
fix the slope

> 2 pts at deep positions
> 1 pt Beginning of the BW

L ~ %
- p
10° — x
- PP »
1035—
- b
10° =
- %
10 = 1
= | | | | L | | | |

0 2960 2980 3000 3020 3040 3060 3080 3100
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rgy Points Choice

ens at 90°
t calculation (0g9-0;)/ 09

e deep corresponds roughly to the maximum gradient

PP

of o2
1 o1
0 - 5

L r °
1F o1f l e

0.2 :— 02—
E E 1 1 1
00 021 04 3060 80 00 3000 3020 04 60 30 00
W [MeVic?] W [MeVic?] W [MeVic?]

W [MeVic?]

W [MeVic?]



Points Choice

3050 MeV
3060 MeV

3083 MeV

3090 MeV

3093 MeV



Luminosity:
11032, 21032,
032 1033 [cm-2s1]

* Time: 1 day = 86400 s
* Injection efficiency = 0.8

* Reconstruction efficiency
pp = 0.67
pn = 0.38
brn=0.20

*Rate = L-Tegp°€rec * O

N

—

-

osity Hypothesis

Integrated Luminosity
Lins/day =L = T = g
6+10%, 6.9-10%,
1.4-10%7, 3.5-10%7,

6.9-1037 [cm~2]




ion of the Fit

.................... 10° 2 parameters:

90° © and 0+

—
D
[}]

=

[

=
u;.‘l

* Lower sensiti
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it results
4x10%7 [cm-2] Statistical error:

0. 3083,3090, 3093 MeV pp circle
pmt  triangle

.................... 10°
90°

o
g ————

A
—
—ir
| g —

1 1 I 1 1

L2/L1 ratio

Very low sensitivity to Luminosity rati
Best and simplest choice: 1:1:1:1:1




J/v Scan

A 3 parameters:
(p = +9O
P, Ocont Cmd Bou‘r

1pb B, =217:103
Par Inj. eff. | A@|[°] | Ao [pb] | AB_,
5 3 0.7 29.3 1.3 0.7+103
5 3 0.8 26.7 1.3 0.7+103
6 3 0.8 6.1 0.9 0.410
12 3 0.7 6.3 0.9
12 3 0.8 5.9 0.9

3 parameters: 3096.9 needed
(1 point more with high



J/v Phase

Energy
collected Lit [pb~!]
[MeV]
3046 140
=
3060 3056 V\F 14.0
3083 3086 Q/\,’»“% 16.5
S
3090 3085
3093 3088
3097 3097




ase - Real Data

Ecm(GeV) (pbDH) Ecm(GeV) (pbH
3.0500 14.895+0.029 3.0958 2.161+0.011
3.0600 15.056+0.030 3.0969 2.09720.011

3.0982 2.210+0.011
3.0830 4.759+0.017

3.0990 0.759+0.007
3.0856 17.507+0.032 31015 16420010
3.0900 15.552+0.030 3.1055 2 106+0.011
3.0930 15.249+0.030 3.1120 1.71940.010

3.1200 1.261+0.009
3.0943 2.145+0.011

3.0969 79.6
3.0952 1.819+0.010

B.X. Zhang, Luminosity measurement for J/psi phas



*u- Phase Reconstruction

ged tracks: Veto e*e™:

<lcm, |Rz|<10cm; Each charged track has
c0s06|<0.8. an energy deposit in
0 good neutral tracks in EMC;
EMC: E/p<0.25.

0<T<14 (x50 ns)

Veto cosmic rays.
E.>25MeV (|cos6|<0.8),

AT=|Tof(u*)-Tof(u)|<0.5

E >50 MeV .
(0.86<|c0s6|<0.92) Momentum window cut:
0,,charged<10°. *|P,.+"Pinel<30
Vertex fit to impove the
momentum resolution: Leptonic decay

szertex< 100 ’

Contributions from A, and Agy




charged tracks:
IRXy|<1cm, |Rz|<10cm.

7t-) Phase Reconstruction

Vertex fit to improve the
momentum resolution.

Veto bkg from y-conversion

G-Parity
Contributions from A, and Agy

(2(e*e)):

All angles between n* and &,

10°<0_, <170,

Veto events which have multi-
tracks:

Minimum angle between (nr)

pairs: 6(nn-,mtn~)>170°.




7v'm )n° Phase Reconstruction

rged tracks: 3-C kinematic fit:

y|<icm, |[Rz|<10cm. Loop all photons,
least 2 good neutral choose the

tracks in EMC: combination with the
0<T<14 (x50 ns); minimum y2;(<200).
E >25MeV (|cosb|<0.8), n° selection:
E.>50 MeV IM(yy)-0.135|<0.02
(0.86<|c0s0|<0.92) GeV/c2
E =
6,,charged<10°. 10050 ( 7° |:l nEnl o8
PID for each charged track: Po
prob(m)>prob(K) Multi-combination from
Vertex fit: intermediate processes

szertex< 100 '

Contributions from A, and Agy,




ents Reconstruction

ood charged tracks:

* [Rxy| <1 cm, |Rz| < 10 cm;

» back-to-back tracks: 178° < 6 < 180°;
*p<2GeV/c

* |cos| < 0.92

Analysis in Barrel + End Cap.

M. Ablikim et al., Phys. Rev. D 86, 032014



diative Corrections

of different generators
C Phase Space

« KKMC 1 + cos?6

« ConExc

* Babayaga

ISR on/off
Check at each energy point

-

Reconstruction Efficiency and Syste



Summary
plitude phase: 0° (theory) but 90° (data)

points collected: 3046, 3056, 3086, 3085, 3088

Statistical significance enough to discriminate
between different theoretical predictions

* Precision of fit — Luminosity dependence
* Analysis is ongoing

Next Steps
« Complete the presented analysis

* Analyze more final states

* More refined ISR evaluation




