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1 Úó

C�{^Ì¤ /(AMS02)´Oy32007cSC

uIS�mÕþ����.�»�&ÿì, Ù8I

´ÏéVÔ�!�Ô�¿ÿþ�Ð�»�¤©ÚU

Ì
[1]

. �ânØýó, guVÔ��v�pU1f

´VÔ��3�yâ��, AMS02ò±ÑU�ªép

U1f�UþÚ��©Ù?1*ÿ.

Y–ðc1nY�>^þUì´AMS02���f

&ÿì, ^�ÿþ>^q�
[2]

�Uþ�È. pU1fÚ

pU>f´3þUì¥u)>^q��;.âf, §

�3þUì¥�q�1��~aq. |^u)>^q

��âf3þUì�ÿþü�¥��ÈUþ, �±O

�Tâf�oUþÚ��. þUì��©ENy
þ

Uìé>^q�âf\����&ÿUå.

ã1(a)>^þUìÌNÜ©�k�AÛº��

648mm×648mm×185mm, Ùq�0��Y, (¯�

�0�´ðc1n
[3, 4]

. TþUìo�k9��. z�

���S1n²1uþUì�þL¡i\Y0��

¥, Xã1(b)¤«, �����1n���pR�¿

düý�1>�O+ÖÑ&Ò. z��k36�1>�

O+, z�1>�O+q�¹4�Õá�ÑÑ�4.

ïáã1¥��IX, þUì�18�&Ò��©�8

�X ��Ú10�Y ��ÖÑ�.

ã 1 þUì(�

2002 c3CERN�?�fÓÚ\�ì(SPS)�

H6å6þ?1
TþUì�å6ÿÁ
[3—5]

. ²LC�

���êâæ8, ¼�
120GeV�få6!120GeV

µfå6�þUì�Ýêâ. duJ±��Uþì

Uþ&ÿUþ��(3GeV±þ)�1f, þUì5U

ÿÁ¦^
�±3H6 þ¼��pU>få65�

O, Uþ©O�3, 6, 10, 15, 20, 30, 35, 50, 80, 120,

150Ú180GeV. þã3«�>âfå6�å�þk�

½���, ±120GeV>f�~, Ù/G
[5]

3X ���

σ = 0.96cm�pd©Ù!Y ���σ = 0.16cm�pd

©Ù. �;�ý�Uþ�¦�K�, �©ÀJ
�C

þUìÿÁ«�
[3—5]

¥%NC!R�Å�\��¯~

?1©Û. L1w«
ØÓUþ�>få63þUì

X-Y ²¡S�\� �.
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L 1 R�X-Y ²¡\��>få6¥% ��þ

Uì>.�ål

Uþ/GeV 3 5 10 15 20 30

X ¥% �/cm 7.4 7.4 7.4 7.4 7.4 7.4

Y ¥% �/cm 8.6 8.6 7.7 8.6 8.6 8.6

Uþ/GeV 35 50 80 120 150 180

X ¥% �/cm 7.4 7.4 7.4 7.7 7.4 7.4

Y ¥% �/cm 8.6 8.6 8.6 8.6 8.6 8.6

2 þUì�©EO��{

òï�1f\�����m��ÝK�3X-

Z ²¡ÚY -Z ²¡S�ü^��. ±X ���~, e

± i�L�Ò!j �LT��ÿþü�Ò, �>^q�

3þUì¥u)�, kUþ�È��þ�±��%

 �Xexp
i =

∑

j

Xij
•Eij

∑

j

Eij

, Ù¥Xij � i�¥ÿþü� j

�X ��¥%�I, Eij �Tü��Uþ�È. -

χ2 =

n
∑ (Xexp

i −Xfit
i )2

σ2
i

=

n
∑

Wi(X
exp
i −Xfit

i )2 , (1)

Ù¥��

Wi =
1

σ2
i

, (2)

σi ´ �ÿþØ�, Xfit
i = Zi

•kx + bx ´[Ü��. -

δχ2 = 0, �±��X-Z ²¡S\�����Çkx Ú�

å bx, T���Z ���Y�N´ÏLθx = tan−1 kx

¦Ñ. Ón, ��±��Y ����Çky!�å by ±

9θy. éuõ��ÓUþ!�Ó��\��¯~��,

θx Úθy ¥pd©Ù, �±^Tpd©Ù�°Ý∆θx Ú

∆θy 5£ãþUì3X-Z ²¡ÚY -Z ²¡ÝK��

©E.

d �  ï Ñ � 1 f \ � � � ¥ þ � R =

1
√

k2
x +k2

y +1
(kx,ky,1), e\����R0, �¥þY

�d∆θ = cos−1(R0
•R)O�. 3∆θ ���©Ù¥é

�∆θ68, ¦�3 [0, ∆θ68]���S�¯~Óoê�

68%, ¡∆θ68 �þUì��©E.

∆θ68 Ú 1 f \ � U þE � ' X � ± d∆θ68 =
√

a2

E2
+b2 =∆θ68 =

a√
E

⊕b5£ã.

d1ª�±wÑ, ��ï�, k3�Ï�K�þ

Uì��©E: �Wi ���!% �Xexp
i �O

�, ±9[Ü�ên�À�. �©|^2002cþUì

�å6ÿÁêâ, ÁãÏL±þ3�¡�é', ��k

�JpþUì�©E�©Û�{.

3  �ÿþØ�¼ê

��[Ü�, {ü�?n�{´�Wi ≡ 1, =�

���. �©^GEANT3
[6]

^��
1)

ÏLMC�

[
[4, 5]

ïÄσi ÚUþ�m�'X. �[��â¢S&

ÿé�, ÀJ\�âf�1f, Uþ��l3GeV—

1TeV, �43�Uþ:, �:÷Uþéê�I��þ!

©Ù, z�Uþ:�[104 �¯~. �;�Uþ�¦,

1f3þUìX-Y ²¡¥%2cm×2cm��Sþ!

\�.

ã2´Uþ�92GeV�1fêâ��3115�

� �ÿþØ�∆X = XMC
15 −X IN

15 ©Ù9Ùpd[Ü,

Ù¥XMC
15 ´²Lï��T�%�X �I, X IN

15 ´

\���3T��X �I. d[Ü��d�115��

 �ÿþØ�σ15 �0.113cm.

ã 2 R�\�1fUþ� 92GeV �þUì1 15

�� �©E

ïÄØÓUþ1f�ü� �©Eσi �Ù3�

�þUì¥²þ�ÈUþE �m�'X, éu¤k

�18� ÖÑ�, uyþ�±^ �ÿþØ�¼ê5

£ã:

σi(E)= ai +bE

i +cE
di

i , (3)

Ù¥ (ai, bi, ci, di)�[Üëê, i��Ò. ã3�115

��T¼ê[Ü(J. e1fR�\��Uþý�¦

��Ñ�, úª(2), (3)Ò�Ñ
do�ÈUþ5(½

��3��ï¥�Wi ��{. ã4w«
\�U

þ�25GeV�1fdT�{������Wi� 

�©Eσi.

1)V.Choutko and E.Choumilov, “AMS Analysis Software Overview”, AMS Internal Note
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ã 3 115� �©E�1fo²þ�ÈUþ�Cz�

ã 4 R�\�Uþ�25GeV�1f���Ú �©E

L2�Ñ
dMC�{���þUìz�1f 

�ÿþØ�¼ê�4�ëê�.

L 2 þUì���1f �ÿþØ�¼ê[Üëê

� �

©E/ëê
ai bi ci di

σ1/3.3 −0.03674 0.4680 0.00009965 −0.8310

σ2/1.7 0.08929 0.3682 0.00002445 −0.6187

σ3 0.1066 0.3579 0.02409 −0.2391

σ4 0.08903 0.1783 0.09215 −0.03017

σ5 0.1286 0.2503 0.04795 0.01625

σ6 0.1384 0.07444 0.1089 0.2400

σ7 0.1162 0.01813 0.1880 0.2840

σ8 0.1029 0.06948 0.0260 0.3481

σ9 0.08989 0.2610 0.3476 0.3655

σ10 0.08072 0.3203 0.4327 0.4073

σ11 0.07288 0.4393 0.5033 0.4224

σ12 0.06523 0.4987 0.5570 0.4232

σ13 0.06115 0.5922 0.6157 0.4536

σ14 0.05838 0.6536 0.6957 0.4928

σ15 0.05681 0.7329 0.7433 0.5072

σ16 0.05531 0.8091 0.7639 0.5025

σ17 0.04827 0.8482 0.8252 0.5462

σ18 0.06414 0.8791 0.8812 0.6338

4 JpþUì�©E�©Û�{

4.1  �ÿþØ�¼êUõ�©E

òþ©¥dMC�{��� �ÿþØ�¼ê$

^uå6ÿÁêâ©Û. ã5(a)w«
10GeV>få

6R�\�, X ���Ýï�, $^ �ÿþØ�

¼ê���?1��ï(J�'�; (b)w«


50GeV>få6R�\�, Y ���Ýï�, $^

 �ÿþØ�¼ê���?1��ï(J�'

�. d©Ù�°ÝCz�±wÑ, $^T¼êJø�

��, þUìX ��ÚY ����©EþkwÍJ

p. Ó�, dpd[Ü�¥%���±wÑ, T¼êé

���O(ï¤å��^½��²w.

ã 5 ¦^ �ÿþØ�¼ê\�����{?

1>f\���ï�'�

(a) \�Uþ10GeV, R�X-Y ²¡\�, X ��

ï; (b) \�Uþ50GeV, R�X-Y ²¡\�, Y �

�ï.

þUì�cü��Y ��ÑÑ, duùü�Uþ

�È�, ¿�3ùü�¥u)g?>f���Ý�À

AÇ��, Ï~Ùq�% � lq�Ì¶��,

 �ÿþØ�¼ê�`³3ùü�þLy��âÑ.

¤±, �X ���', Y �� �ÿþØ�¼ê��

J��²w.
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L 3  �ÿþØ�¼êéR�\�>f�X, Y ���©E�Uõ

E/GeV 3 6 10 15 20 30 35 50 80 120 150 180

\� 2.7 2.1 1.6 1.4 1.2 1.1 1.0 0.86 0.74 0.67 0.71 0.73
∆θx/(◦)

�� 4.4 3.0 2.1 1.6 1.3 1.2 1.1 0.91 0.80 0.74 0.80 0.85

\� 3.1 2.2 1.7 1.4 1.2 1.0 0.97 0.84 0.71 0.51 0.44 0.59
∆θy/(◦)

�� 4.8 3.0 2.2 1.9 1.6 1.4 1.3 1.3 1.2 1.0 1.0 1.2

L3�Ñ
�gþUìå6ÿÁR�\�!ØÓ

\�Uþ�>fX ÚY ���©E�, �)\���

��é'. �±wÑ, X , Y ü���, \�����

©Eþ`u��.

4.2 ��% �O��{é�©E�K�

�©}Á¿'�
4 «O�q�% ���

{µÓ�¤k�ÿþü�, ��¿Uþ�È���3

�ÿþü�!5�ÿþü�!7�ÿþü�.

ã6©Ow«
^±þ4«% �O��{é

å6ÿÁ35GeV>f�X ��(a)ãÚ120GeV>f

�Y ��(b)ã�Ýï(J. �±wÑ, ^��ÿþ

ü�O�% �ï�, k¥%�ØO(ÚØÎÜ

pd©Ù�":. Ó�, �Ä�¯~ªÇ$!¤À¯

~Ø�9õ»,ï�A:, �©^��¤kÿþü

�5O�T��q�% �.

ã 6 å6ÿÁ>f��3þUì��¥�% �^ØÓ�{O����ï(J'�

(a) \�Uþ35GeV, R�X-Y ²¡\�, X ��ï; (b) \�Uþ120GeV, R�X-Y ²¡\�, Y ��ï.

4.3 [Ü�êé�©E�K�

��ï�, 3�ê�ÀJþ, �©'�
X �

��2«�¹µ¦^¤k8��% �Ú�K l

[Ü��������ï; Y ��3«�¹µ^¤

k�10�!�K l�����±9�^�8��

% �ï. ï(J�L4.

dL4wÑ, ¦^ �ÿþØ�¼ê�Ñ��,

Ø=k;��Ä[Ü�êÀJ�`:, ��±��

�ý¢/�NþUì�©EUå�©Û(J.

L 4 X, Y ��^ØÓ�êéØÓ\�Uþ�>f��ï¤���©E(◦)

E/GeV 3 6 10 15 20 30 35 50 80 120 150 180

X8�\� 2.71 2.11 1.64 1.42 1.16 1.08 1.04 0.855 0.744 0.672 0.711 0.728

X7�\� 2.94 2.22 1.73 1.50 1.23 1.16 1.09 0.917 0.796 0.719 0.763 0.775

Y 10�\� 3.13 2.24 1.69 1.41 1.19 1.01 0.968 0.835 0.713 0.514 0.444 0.593

Y 9�\� 3.15 2.36 1.75 1.46 1.25 1.06 1.01 0.863 0.732 0.538 0.459 0.607

Y 8�\� 3.53 2.40 1.72 1.47 1.21 1.02 0.971 0.837 0.716 0.516 0.448 0.594

Y 8��� 5.26 3.69 2.60 2.15 1.59 1.24 1.13 0.952 0.764 0.520 0.447 0.607

5 þUì��©Eå6ÿÁ(J

^ �ÿþØ�¼ê5O���3��ï��

�, ^��¤kÂ¥ü�5O�q�% �, ^

¤k18��%5ï>f�\���, ã7�Ñ


35GeV\�>f�ï���\����m�Y�

∆θ �©Ù, ¿O���þUìé35GeV>f��©

E∆θ68 ��1.54◦.

L5�Ñ
éAØÓUþ>f, $^ �©E¼

êï\������∆θ68 �.
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L 5 å6ÿÁ¥þUì�©E�\�>fUþC

z(ü µ
◦)

E/GeV 3 6 10 15 20 30

∆θ68 \�/(◦) 4.6 3.3 2.5 2.1 1.8 1.6

E/GeV 35 50 80 120 150 180

∆θ68 \�/(◦) 1.5 1.3 1.1 0.89 0.90 1.0

ã 7 35GeVR�\��>f��∆θ ©Ù9∆θ68 O�

ã 8 å6ÿÁ>f�Uþ–�©E�

�â�gå6ÿÁêâ, ã8�Ñ
>fR�\

�^�e∆θ68-E 'X�[Ü(J:

∆θ68 =
(7.76±0.03)◦

√

E/GeV
⊕(0.67±0.01)◦ ,

�±@�, þª��N
þUìéR�\�pU

1f��©E�\�1fUþ�Cz'X.

6 ?Ø

du�gå6ÿÁvkÿþü�âfÂ¥þUì

O( ��C�, ¤±�ÒÃ{d¢�êâ¼�þU

ì� �©EÇ. Ïd, ^�Ó\�^�1fMC�

[q��u)L§, ¿�âoUþ�È5O��Ò

¤���{ük���{. éu�\�½ökUþý

�¦��¹, ��±ÏL�A^��MC�[5¼�

�.

lþUì(�Ú5U��Ý©Û, å6ÿÁ¥,

þUìé150GeVÚ180GeV�>f�©EC��Ì

��Ïkü�µ�´1>+��Ú�AÚpUþe�

þ�î��¦��Uþ©EC�
[4]; �´dgå6ÿ

ÁY ���.Ü6����1>�O+(ÿþü�?

Ò5Ú6)��ÃêâÖÑ, §��q�¥%ål��

Ø�L4cm, duUþO\�q�Ð°�O\, ÙK

�3Uþ�p��²w.

,	, å6¬��´��K�þUìå6ÿÁ�

Ý©E(J��Ï�. ¢�¤^�H6�?å6Ún

?å6, ØÓ«a!ØÓUþ�âfå�þk�½�

/GÚ��, å6�Ø´ýéR�uþUìX-Y ²¡

\��
[4]

. Ïd, >få�°Ý3X ��ÚY ���

É'��, ´E¤X ��ÚY ���©EØÓ�Ì�

�Ï��.

�gÿÁ¤^�>få6¥·,k�f�., ê

â?nL§¥, doÂ¥ü�êÚz�Â¥ü�²þ

�ÈUþü�^�
[4]

5?1¯~ÀJ, ÀJ�ÇÚÀ

J��k�¯~êXL6. du�fq��ØX>^

q��/G5K, XJ�f�.u)rfq���

üØ, �¬¦�©EC�.

,	, du�Ýï�6u�ÿþü�¥�Uþ

�È, ©z [4]¥?Ø�þUì�Uþ©EÇ3\�>

fUþ�120GeV, 150GeVÚ180GeV�C��Ì�

�Ï, XþUì�Ý
[3]

�O(5!Uþ�5, ±91n

P~�Ý?�°(�Ä�Ï�, �Ñ¬é�©E�)

K�.

L 6 ØÓUþ�>få6k�¯~ÇÚ²LÀJ��k�¯~ê

Uþ/GeV 3 5 10 15 20 30 35 50 80 120 150 180

k�¯~Ç(%) 71.1 77.9 84.8 50.7 71.7 33.2 13.7 98.7 88.8 42.5 42.4 12.9

k�¯~ê 726 38964 27133 10134 7174 6426 4665 35539 9773 16980 8903 9180
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7 (Ø

�©�±��Xe(Øµl�Akâ�{���

 �ÿþØ�¼ê�±Ú�/���=�u)>^q

�âf��ÈoUþ±9�Ò�'�²�¼ê; ©Û

þUì>få6ÿÁ�êâ, @�3¦^ �ÿþØ

�¼ê�cJe, ^z�¤k�&ÿü�O�%!

3X ��ÚY ��Ñ^¤k��5?1��ï, U


���p��©E. Uþã�{, �©½�Ñ
d

gþUìå6ÿÁ��©E(J:

∆θ68 =
(7.76±0.03)◦

√

E/GeV
⊕(0.67±0.01)◦ .
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Study on Angular Resolution of Lead-Scintillating Fiber

Electromagnetic Calorimeter *

WANG Xiao-Bin1) CHEN Guo-Ming LI Zu-Hao CHEN Gang YANG Min YANG Zhao-Yu

ZHANG Shao-He LU Yu-Sheng CHEN He-Sheng LI Xin-Qiao

(Key Laboratory of Particle Astrophysics, Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract Analyzing methods on the angular resolution of lead-scintillating fiber electromagnetic calorimeter are

studied. The space resolution function, which is used to calculate weights, is extracted from Monte-Carlo simulation.

Better angular resolution was obtained from the beam test data of AMS ECAL in 2002 at CERN, when the space

resolution function was used in the fit. Different ways to calculate the centers of gravity, to choose the layers to fit the

incidence direction are also discussed.

Key words calorimeter, angular resolution, space resolution function
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