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q Updated Measurement of Two-photon Width of !"# States 
via $% → '!"#
()

q Observation of !"# → (() via $% → '!"#
(Memo under review) 

q Measurement of *(,-,. → /01/ → /2/.3- + ". ". )
(Memo under review) 
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Updated Measurement of Two-photon Width 
of !"# States via $% → '!"#

� ��
q ����
q ��!"#�����
q �!QCD��������

[(448.1�2.9)×106 ψ']

	���
o �����(!"# → '')
o ��
���(!") → '')

!"*,") → '' !", → '' !") → ''

��
�	��� �������� �����

$% → '!"#, !"# → ''

3/28/18 ���������� 5



Updated Measurement of Two-photon Width 
of !"# States via $% → '!"#

Ø aT

Ø2 6 ( !") → '' < +. -×)/0+ 1 !") → '' < 2. -34

Ø ( . ) d

Ø T !"5 → '' E 3 0
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Observation of !"# → %%&,% → ()(*,
& → ++ via ,- → +!"#

����
q ����
q ��!"#�������

[ (448.1�2.9)×106 ψ']

���	
o ������
o �����
�

Signal region & sideband % sideband
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Observation of !"# → %%& via '( → )!"#
Ø(��&����

* +,- → %%& =
/012340 − 6. 8 ⋅ :&;<= − 8. > ⋅ :%
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/?@ ⋅ *A ⋅ B

Ø��!#&����
"	% �������'���% �

2
η
2

φM
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

2
η 1

φ
M

2
2.5
3

3.5
4

4.5
5

5.5
6

6.5

2
η
2

φM
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

2
η 1

φ
M

2
2.5
3

3.5
4

4.5
5

5.5
6

6.5

2
η
2

φM
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

2
η 1

φ
M

2
2.5
3

3.5
4

4.5
5

5.5
6

6.5

+,8

+,6

+,C

3/28/18 ����
�$�� 8



Cross Section Measurement of 
!"!# → %&'% → %(%#)" + +. +.

&+��
q "��)#	% ��*
q �!-(//01)��$��#	
q �,��������

���
o ���*��)-'�(����.
o �
�)����*

[@28 points: √s = 4.340~4.600GeV]

Data
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Cross Section Measurement of 
!"!# → %&'% → %(%#)" + +. +.

Ø ���
	���:

-. =
∑12345/∑78 ⋅ .:8

; ⋅ (= + >?@A) ⋅ (= + >CD)

Ø �
����:
-. ⋅ (= + >CD) = )E&

FG& HI&∗ 'IK'%
L M% G &

M% G = NIO P Q2R + NI1O(P):
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q Updated Measurement of Two-photon Width of !"# States 
via $% → '!"#
()
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.96.092007
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7

!"# → /01,03()*

+"# → %/'!)*
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R
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.072001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.112001
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)
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Backup
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• !": is the polar angle of #$
• !%, &%: are the polar angle and azimuthal angle of #'
• (: is the difference of two photons’ helicities.
• ) = +"/+-, . = +%/+-, /-/% = 0- %/ 0% %

• A is the χ2' helicity component in 34 → #67'
• F is the helicity amplitudes in 67' → ##

For 84 → 9":;% → 9"9%9<, the joint angular distribution is: 

Helicity Amplitude Analysis for 
:;% → 99
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Fit to the Dressed Cross Section
To determine the parameters of !(##$%), the dressed cross sections, '( ⋅
($ + +,-), are fitted using the following formula:

'./
∗ 1.(2) =

45/

62/
78/

∗ 1891.
% :. 2 /

Ø78/∗ 18: the Coulomb interaction between charged mesons;
Ø 9: the velocity of 1. in the ;<;= center-of-mass system;
Ø :. 2 = >8

? @ ABC + >8
D?(@): the form factor;

ØC: the phase of the resonance relative to the non-resonance;

Ø>8
? @ = E

F8/1.
⋅F;;

5/⋅(G./
∗.⋅91.

% )
⋅

H

2/=H/<IHF
, F8/1. =

(H/2)G./
∗ 1. H K

./
∗ 1.⋅F⋅(L

G
./
∗M1.M

H K
./
∗M1.MNG

./
∗N.O

H K
./
∗N.O

Ø>8
D? @ =

P

2/=Q

ØF,S: the full width and mass of !(##$%);
ØK./∗ 1.: the Blatt-Weisskopt damping factor; 
Ø F;; ⋅ (L: a whole parameter to be determined. F;; is the leptonic decay width, 
(L is the branching fraction of ! ##$% → ./

∗. → .M.=4< + Q. Q.
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q !"# → %&',&)*+, (

q -"# → ./0!+,
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.062001
https://ac.els-cdn.com/S037026931730521X/1-s2.0-S037026931730521X-main.pdf?_tid=a2f8e6a5-1f76-444b-82b8-018e6d8e85ce&acdnat=1522136307_af64cca8ad1d5f3a39d7285e616a14ae

