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Á� |^ë�PC�J/ψ→ pp̄�pÚOþÏL�À^�=�¢yéψ′ → pp̄L§�©Ùÿþ¥

Monte Carlo�Ç�?�, ¿éT�{�U�5�XÚØ�?1�O, ù
(J�^uψ′ → pp̄�©Ù

�ÿþ.

'�c �Ç?� �©Ù ë�PC�

1 Úó

�ârfÚ^ÝÅð5K, e+e− →ψ′ →B8B̄8 L

§��©Ù�±�¤:

dN

dcosθ
∝ 1+αcos2 θ, (1)

ùpθ ´3¢�¿Xe­f (B8 )�e+ å6���m

�Y�
[1]

.

3b�ì§���þ�Ã¡��cJe, drf

Ú^ÝÅð5K��α=1
[1]

, 
¢Sþ, duì§��

�þ´k��, ÏdJ/ψ�ψ′PC�­fé"���

©Ùα��âÚ^Ýé¡5�nØýóA´0u0Ú

1�m�~ê.

éψ′ → pp̄L§��©Ùëêα��®knØý

óÚ¢�ÿþ�L1.

L 1 ψ
′
→pp̄�©Ùëêα��ýó�ÿþ

α� 5


nØýó�

α = 0.58 Claudson et al.
[2]

α = 0.80 Carimalo
[3]

¢�ÿþ�

α = 0.67±0.15±0.04 M. Ambrogiani
[4]

BESÜ�|æ8
14Mψ′ ¯~
[5]

, �âÙ¦¢�

ÿ��ψ′ → pp̄�©|' (�L2), (ÜTL§�¯~

&ÿ�Ç (��38%), ��BESU&ÿ��L1000�

ψ′ → pp̄¯~, Ïdk�UÿþT�A��©Ù. �d

8�I�
)pp̄"�&ÿ�Ç εp(p̄) é�Ýθ ��6

'X. 
ψ′ → pp̄¯~êÚOþ%Øv±éd?1°

(�ïÄ.

L 2 ØÓ¢�|ÿ��ψ
′
→pp̄�©|'

©|'(×10−4) 5


2.3±0.7 MARK-.
[6]

1.4±0.8 DASP
[7]

2.16±0.39 BES-.
[8]

2.87±0.20 CLEO-C
[9]

3.3±0.9 BABAR
[10]

BES/ æ 8 
 58MJ/ψ¯ ~
[11]

, � â © | '

BR(J/ψ → pp̄) = (2.26± 0.01± 0.14)× 10−3 Ú�A

�&ÿ�Ç��ε= 49%
[12]

, ��U
*ÿ��63000

�J/ψ→ pp̄¯~, |^ù�pÚO�¯~��, �±

'�O(/(½ εp(p̄) �θ Cz�'X, ^5éMonte

Carlo(½��Ç?1?�. �©£ãÏLë�PC

�J/ψ→ pp̄5¢yù�?�¿A^uψ′ → pp̄�©

Ùëêÿþ��{.

2 ψ′→pp̄¯~�]À

�
ÿþψ′ → pp̄L§��©Ù, Äk�]ÀÑ

��XÀ�ψ′ → pp̄¯~. duTL§´��üNr

PCL§, Ïd�¦"�¥k�=kü^Ð�­ï�

>»,, Ùo>Öê�0; z^»,Ñ�¦kÐ�Ú^
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�[Ü; »,�éE:�m�ål3xy ²¡S�u

2cm, z ���u20cm; »,4�{u�ýé���3

0.8±S; »,�îÄþ�u0.070GeV. �âTPC�

�A5, ë�J/ψ→ pp̄¯~��À^�
[12]

, ·�(½


Xe�¯~�À5K:

(a) � » � � ü Ø: � 
 � Ø � » � � Z 6,

� K â f � 1 � m � � ý é � A � � u 4ns, =

|t+− t−|< 4ns;

(b) âf�O: XJ^ tmeas L«âf�1�m�

ÿþ�, ^ texp(π, K, p)L«b½Tâf� (π, K, p)

� � 1 � m � ý Ï �, @ o 7 L Ó � ÷ v|tmeas −

texp(p, p̄)| < |tmeas − texp(K)|Ú |tmeas − texp(p, p̄)| <

|tmeas−texp(π)|;

(c) ����^�: TL§´��üNL§, ¤±

5gTL§��é�Kâf�m�����θacol A�

¦þ�, ùp�¦θacol < 5◦;

(d) �ÈUþ^�: �>Ö3×Üq�OêìS

��ÈUþA�u0.750GeV, =E+ <0.750GeV, ^

±üØe+e− �.;

(e) �%XUþ^�: b�"���é�Kâf

´5gψ′ → pp̄L§, K¦��Uþ�Ú�Mψ′ ��

OA�¦þ�, ùp�¦ |Ep+Ep̄−Mψ′ |< 0.130GeV;

Ù¥Ep,p̄ ´�âÿ��p(p̄)ÄþO��.

(f) ��fÄþ^�: �¦Kâf�Äþ�ýÏ�

(=5g&Ò����f�Äþ1.586GeV)�m��

OA�u0.150GeV.

²L±þ]À�, êâÚMonte Carlo(MC)��

��fÄþÌ©Ù�é'�±�NÑêâ�XÀ§

Ý(�ã1).

ã 1 ψ′
→pp̄¥�fÄþ©Ù�ÐÚ(J

��ãL«MC�©Ù (MC���)&Ò���.

�, þUìÙ©|'8�¿\3�å), Ø��L«ý

¢êâ�©Ù, ÒKÜ©´�[��..

�.�O

é uψ′ → pp̄ L §, � U � � . � Ì � � �

&Ò�Ó�ü�Ö>»,�PC�, 9@
ü�

Ö > » , � 1 f � L §, Ï L 2004 c � â f ê â

L
[13]

Ú|^Lund�.�)�ψ′ →anything��
[14]

� ± é � Ì � � ù a � ., ~ X: Bhabha, Dimu,

ψ′ → γχ
CJ(J=0,1,2)

(χ
CJ(J=0,1,2)

→ 2 − prong), ψ′ →

π0π0J/ψ → π0π0µ+µ−, ��. ÏLéù
�.�

MC���ïÄ, uyù
�.o�K�3ý¢êâ

¥Ó�'­�u2.5%(�ã1).

3 ψ′→pp̄L§��©Ù

Xc¤ã, ψ′ → pp̄L§��©Ù�±�¤ú

ª(1)�/ª:

XJrMC��Ç (εMC)Ú�Ç?� (fc)�Ï�

�Ä3S, @o¢�ÿþ�pp̄ ��©ÙAL«�±e

/ª:

dNmeas

dcosθ
∝ (1+αcos2 θ)×εMC(cosθ)×fc(cosθ). (2)

3.1 MC�ÇεMC(cosθ)

�
��MC�Ç�4���6'X, ·�^þ

!��m�)f�[
500,000 ψ′ → pp̄¯~. 3²L

¯~]Àc�, �f�1���e+ å6��mY��

{u©O¥yØÓ��Ý�6'X(�ã2), üö�m

�'=�MC�Ç�4�{u�Cz.

ã 2 �ã�¯~]Àcpp̄ ¯~�cosθ �©Ù, m

ã�¯~]À��©Ù(ùp�θ ´¢�¿X¥�

f�4�½��f4��Ö�)

3.2 MC�Ç�?�fc(cosθ)

3¢�L§¥, ^Monte Carlo��é�ÿL§

?1�[o¬Ñy �, éu�Ó��À^�, ù«

�Oò¬��MC�ý¢êâkØÓ�ÀJ�Ç, Ï

d�
¦�U�~�XÚØ�, A�éMC�Ç?1

?�.
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?�¼êfc(cosθ)�¹
éz���À^��?

�, ½Â�±e/ª:

fc(cosθ) =
εData

εMC

(cosθ) =
∏

i

εData

εMC

(cosθ)(i),

i = PID+, P ID−, E+, Ep +Ep̄, θacol, Pp̄
[12]

, (3)

K²L
?��MC�Ç�

ε′MC(cosθ) = εMC(cosθ)×fc(cosθ), (4)

Xc¤ã, ψ′ → pp̄¯~ÚOþ���¦�·�Ã{

ÏL&Ò������Ç?�, 
I�/ÏÙ¦pÚ

Oþ�PC�5Cq�½Ñù�?�­�. ùpÀ^

�ë�PC�´J/ψ→ pp̄, TPC�´�&Ò�ä

k�Ó�PC"��rPCL§, kX���ÚOþ,

��N´��XÀ��� ('uJ/ψ�ψ′ êâæ8�

¸��O�K�ò3XÚØ�Ü©\±`²). ¦^

ë�PC�ïÄMC�Ç�?�, ÄkI�r�&Ò

PC���À^��d�A^�ë��þ, ù�ÒI

��âü�PC��m�éXé�À^�?1C�,

äN�{Xe:

(a) �»��üØ |t+− t−|< 4ns: ØI��C�;

(b) âf�O: ØI��C�;

(c) ����^�: θacol < 5◦ ⇐⇒ θacol < 4.95◦: 3

ü�PC�MC��¥, ·��¦�����^�ü

Ø�¯~3o¯~¥¤Ó�'~�Ó, 3�&Ò�¥,

�T^�üØ�¯~��Ó0.76%, K3ë��¥Ó

��¦k0.76%�¯~�T^�üØ;

(d) � È U þ ^ �: E+ < 0.750GeV⇐⇒E+ <

0.630GeV: T^�|^BSC��ÈUþüØe+e− �

., ùp�¦3ü�PC�¥, T^�éA��È

Uþ:��g�å6Uþ�'�~ê, =
EBSC

Ebeam

= c,

éuψ′ → pp̄ÚJ/ψ→ pp̄, EBSC ©O�0.750GeVÚ

0.630GeV;

(e) �%XUþ^� |Epp̄−3.686|< 0.130GeV⇐⇒

|Epp̄−3.097|< 0.080GeV: ëêEpp̄ �©E3&Ò�Ú

ë��¥©O�0.065GeVÚ0.040GeV, T^��¦

ÿþ��nØýÏ�m��Oþ�u2�©E;

(f) ��fÄþ^� |Pp̄−1.586|< 0.150GeV⇐⇒

|Pp̄ − 1.232| < 0.110GeV: 5gü�PC����f

�Äþ©O�1.586GeVÚ1.232GeV, éA�©E�

0.050GeVÚ0.037GeV. T^��¦ÿþ��nØý

Ï�m��Oþ�u3�©E.

ù�ÏLë�PC�����À^��Ç�?�

Ïf�cosθ �Cz (�ã3), §��¦È=�o��

Ç?�fc(cosθ) (�ã4).

ã 3 ã (a), (b), (c), (d), (e), (f)©O´�âf�

O, Kâf�O, ����^�, �ÈUþ^�, �

%XUþ^�Ú��fÄþ^���Ç?�­�

dã3(c)��, ����^��?�´�±�

Ñ�. �Ä�&ÿì5Uéu cosθ �é¡5, ¤±

fc(cosθ)AT�±^�'ucosθ = 0é¡�²w­�

fc(cosθ) = 1+β cos2 θ 5£ã.

ã 4 �Ç?� fc(cosθ), ã¥Ø��L«�êâ

:���À^��Ç?��o�A, êâ:�Ø

��)
ÚOØ�Új©E�5�XÚØ�, A

^fc(cosθ) =1+β cos2 θ éÙ[Ü, P2=[Üë

êβ

�
u�ù«C���(5, rC����À^

�^uÿþë���©|'Ú�©Ù, ¿r(J�±

cuLL�(J?1é', uyüö3Ø���S¬

Ü, ~X�©ÙXê�α = 0.707±0.038(�ã5), �®
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uL�(Jα = 0.676± 0.0363Ø���S��
[12]

.

(ùpα��Ø�=�ÚOØ�)

ã 5 J/ψ→ pp̄¥�f��©Ù

ã¥[ÜëêP2´^ù«�{ÿ��α�.

3.3 XÚØ��©Û

^ë�PC�é&Ò��MC�Ç?1?���

{¤�5�XÚØ�Ì�5g(a). J/ψ�ψ′ êâ�

æ8�¸��O�5�Ø�; (b). �Ç?�­�[Ü

�5�Ø�.

(a) J/ψ�ψ′ �êâæ8�¸k¤ØÓ, Ïd|

^J/ψêâ�Ýψ′ êâ�¬�5�½�Ø�. duý

¢z©�Ny
ØÓêâ���Ì¤5UG���

É, Ïd, ÏLrψ′ êâ�ý¢z©�A^�J/ψê

â�MC�[¥¿*	Ùé(J�K�, �±��ù

«�É�5�Ø�.

3C�ý¢z©��, �âúª(3)����Ç

?�­�fc(cosθ)��ck�½��O, �duMC

�Ç­� εMC(cosθ)�Ó�u)
Cz, 3�âú

ª(2)éα�[Ü�, ùüöÚå�Cz´�p-��

(�ã6), Ïdé(J�K�'��, Ù�é�O=k

2.2%, ù�ê��^�J/ψ�ψ′ �êâæ8�¸��

É�5�XÚØ�.

(b) dã4��, �Ç?�3ØÓ� cos(θ)�3

Þá, ^�²w­��£ã§ò¬�5�½�Ø�,

ù�[ÜØ�¬��K��?���MC&ÿ�Ç

(ε′MC)�cosθ �©Ù, ?
K��é�©Ùëêα�

�[Ü.

ã 6 UCý¢z©��ÿ��J/ψ → pp̄¥�f

��©Ùëêα (ã¥P2)

±úª(2)�¼ê/ªéα��[Ü¥, �Ç?�

fc(cosθ)���^²w­���\�[Ü¼ê¥, X

c¤ã, fc(cosθ)�±L«�1+β cos2 θ�/ª, dã4

��, β =−0.087±0.025, XJrβ ��Cz1σ, [Ü

J/ψ→ pp̄êâ����©ÙXêα�Cz��4.8%,

ù�ê����[ÜL§�5�XÚØ�.

3@�(a), (b)ü�Ø�Ø�'�cJe, �©£

ã��Ç?��{�5�o�XÚØ�A�ùü��

þ��.

4 o(

ÏLë�PC�J/ψ→ pp̄é&Ò�ψ′ → pp̄�

©Ùÿþ�MC�Ç?1?��±)û&Ò�ÚOþ

Øv�¯K, ²Lc¡�©ÛÚu�uy, �À^�

3ü�PC��m�C�´k��. �ÄØÓ4�e

&ÿ�Ç�ÞáÚJ/ψ�ψ′ �êâæ8�¸��É

���Ø(½5, �±(½T�{�5�XÚØ��

�5.3%.

a�BEPCÚBES�N¤
3¼�58M J/ψê

âÚ14Mψ′ êâÏm¤GÑ�"�NÄ; Ó�a�

BES�Ý|, MC|, J/ψÔn|�ψ′ Ôn|Ó¯�

�Ü��|±.
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Efficiency Correction in the Measurement of ψ′→pp̄

Angular Distribution *

JIAO Jian-Bin1,2;1) ZHU Yong-Sheng2 ZHANG Xue-Yao1

1 (Shandong University, Ji’nan 250100, China)

2 (Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract In the angular distribution measurement of ψ′
→ pp̄, the sample of J/ψ→ pp̄ selected from 58M J/ψ events

with high statistics is used to determine the polar angle dependent efficiency, and to correct the Monte Carlo efficiency

in ψ′
→ pp̄. The systematic error of this method is also analyzed. The obtained efficiencies and related errors are used

for the measurement of angular distribution of ψ′
→pp̄.

Key words efficiency correction, angular distribution, reference channel
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