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1)

éN
2)
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Á� éALICE¢�1fÌ¤�>uÀ�Å�?1
�[ïÄ, SN�): 1) é1fÌ¤�Uþ­ï

5U?1
ïÄ, ÏLO�Å�[u�1fÌ¤&ÿìé�îÄþ���\�âf�Uþ­ï5U;

2) é1fÌ¤&ÿì�¯�>u�Ç?1
ïÄ, ÏLO�Å�[©Û>uK��À�¿O�>u�

Ç; 3) é1fÌ¤&ÿì�¯�>uªÇ?1
ïÄ, ÏLO�Å�[ép-pÚPb-Pbü«-E�ª

e�>uªÇ©O?1
��Ú?Ø.

'�c >uÀ� Uþ­ï >u�Ç >uªÇ

1 Úó

þfÚÄåÆ (QCD)��:nØýó, �§Ý½

Uþ�Ý�L,�.��, ØÔ�¬²{lrf��

§�Ô����C¿/¤§��f�lfN (QGP)

�Ô�. QCD�CÚQGP/¤�nØýór?


�pU­lf-E¢��mÐ
[1]

. �pU (½��é

Ø5)­lf-EÌ���´å6Uþ�uzØf

10GeV��½q¢�½öØf–Øf�%XUþ�u

A�GeV�­ØéE¢�
[2].

î³ØfïÄ¥% (CERN)�3ï���.rf

éEÅ (LHC)¢�Oyu2008c¢yå6éE, m

©æ8êâÚÔn©Û. LHC$1�, 3�.­l

féEÅ (ALICE)&ÿC�¤3«, -E�%XU

þ�
√

s=14TeV��f6Ú
√

sNN=5.5TeV�Yå6,

�Ý©O�5×1030 Ú5×1026cm−2·s−1, Ùå6Uþ

´{IÙ°�°©I[¢�¿ (BNL)��éØ5­

lféEÅ (RHIC)¢���30�
[3]

. ALICE/1fÌ

¤(PHOS)&ÿìÿþ1f&Ò, ^5¼�pU­l

f-EÐ©���§ÝÚïÄòB4&Ò��5|»

y�, Ù>uÀ�XÚ�ALICE>uXÚJøL0Ú

L1>u&Ò. L0�ALICE>uXÚJø�f–�f-

E¥Ã �¯��>u, 
L1�ALICE>uXÚJ

øY–Y-E¥�îÄþ�1f¯��>u.

PHOS�>uÀ�XÚ7L·Ap¯�Ç!õ

åìÚá±Ï�å6(��¦. LHC$1�, PHOS

&ÿìm©&ÿ¿�O1f, Ù>uÀ�XÚ±N

o��Å�ó�, $1��ëêXÛÀ��Ñ´3

LHC/ALICE$1c:I)û�¯K. �d, �©Äu

GEANT3^�
[4]

�&ÿì�[ÚpU­lf-E¯

��[�¸AliROOT
[5]

, éPHOS�>uÀ�Å�?

1
äN�ïÄ, Ì��)n��¡: 1)PHOS&ÿ

ì�Uþ­ï5U; 2)PHOS&ÿì�¯�>u�Ç;

3)PHOS&ÿì�¯�>uªÇ.

2 ALICE¢ � PHOS > u À � Å �

Vã

2.1 PHOS>uÀ�XÚ�8I

PHOS&ÿì´æ^¾�Y (PbWO4)¬N
�

|¤��(¯.>^þUì(EMC), d5�EMC�¬

|¤, z�EMCCXX20◦�� �ϕ. z�EMC�

¬N
�Uθ×ϕ = 56× 64ü�, �3584¬, =��

PHOSd17920¬¾�Y¬N�¤.

PHOS>uÀ�XÚ��O7L÷v±e^�
[6]

:
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(1) p�OUå, U
k��O1fÚ�>�âf!

¥f!�¥f; (2) pUþ©EÇÚ �©EÇ, Ó�

3V1fØC�þÌþäkp�þ©EÇ; (3) äk

ÿþ$îÄþ�¥50fÚÂ8D���îÄþâf

�AÛ�ÉÝ.

2.2 PHOS>uÀ�Å��¢y

3>fÆ|CÚ¢y�ªþ, PHOS�z�EMC

� ¬ © ¤ 8(2×4) � > u « � ü � (Trigger Region

Unit, {¡TRU), z�TRUd448(28×16)�¬N|

¤, Ù¥z8�¬N|¤��¬N^ü�. Ïd, z�

TRU´d56(28×2)�¬N^ü�|¤. 4�¬N^ü

��^��cà>fÆ (Front-end Electronics, {¡

FEE)�, �)32´&Ò. Ïd, ��PHOS�¬�I

�112�FEE8¤�.

ALICE¢�$1�, #NPHOS�)L0>u&

Ò����m�k800ns, �)L1>u&Ò����

m�k6200ns
[7]

. PHOS¥, z�TRUþæ^£ÄI

�{�)>u&ÒL0½L1, �ÌÝ� áPHOS�

)>u&Ò��m.

3£ÄI�{¥, æ^2×2�¬N������

� (Cell), ,�2±2×2����¤éA�����

��£ÄI, =��£ÄIéAu16�¬N. £ÄI

�{±����Ú?ü 3��TRU«�þ!e!

�!m£Ä, e£ÄI16�¬N¥�È�Uþ�Ú�

u�½�>uK�, Ò¬>u�g¯�, ¡��£Ä

I�{.

æ^£ÄI�{×£���TRUI�£Ä91g.

PHOS/FEE�¥?nü�æ^£ÄI�{Ó�×£8

�TRUü�, l
¿1/�¤é��PHOS�¬�>

uÀ�.

3 ALICE/PHOS>uÀ�Å��ïÄ

3.1 PHOS�Uþ­ï5U

PHOSUþ­ï5U�Ð�3�½§Ýþû½


PHOS�âf�O5U. n��¹e, ­ï�âfUþ

�Tâf�\�Uþ¥yûÐ��5'X.

æ ^ AliROOT ¥ � � ½ l ¯ � � ) ì, � â

PHOS�AÛëê�½Ð¯��)ì�ëê, ¯�

ê�1×103, é?Ò�8988(13�PHOS/EMC¥


?)�¬N¥%\�>f. duu)>^q�, T¬

NNC�¬N�¬�ì�. Ïd, ·�Ó�æ8ü|

êâ: �|�ü�� (±?Ò�8988�¬N�¥%�

3×3=9�¬N)¥¤k�ì��¬N�­ïUþ�Ú;

,�|êâ�13�PHOS/EMC�¬¥¤k�ì�

�¬N�­ïUþ�Ú.

¯��)�, é\�âf�Uþ?1­ï, ¿^

pd©Ù[Ü. ��[�Tpd©Ù�²þ�µ��

\�âf�UþE �­ï�. �\�>f�îÄþ�

6GeV/c�, Ù­ï�UþE ©ÙXã1¤«.

ã 1 \�>fîÄþ�6GeV/c��­ïE ©Ù

ã1¥î�I�UþE, p�I�¯�Oê, ¢

��pd©Ù[Ü�. �!¤J��ü|êâþ÷v

pd©Ù, ü|êâd��Uþ©EÇσE/E ©O�

1.89%Ú1.75%, ÷vPHOS&ÿì�¦�pUþ©E

Ç.

²L­ïÚpd[Ü, �Ñ3$îÄþ (0.4—

10GeV/c)ÚpîÄþ�� (10—100GeV/c)pPHOS

é>f�­ïUþÎÜPHOS�Uþ©EÇ©Ù.

PHOSé$îÄþ��ÚpîÄþ��p�\�

>f�Uþ­ï©ÙXã2¤«.

ã 2 $îÄþ(a)ÚpîÄþ(b)����­ïE ©Ù

ã2¥î�I�\��pT �, p�I�­ï�U

þ�E. ��:L«�´PHOS�¬¥¤k�ì��
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¬N�­ïUþ�Ú, �n�/L«�´ü��¥�

ì��¬N�­ïUþ�Ú. Ù¥�¢�ÚJ�©O

�ùü«�¹e��5[Ü, ­ïUþE �\�>f

�îÄþpT ÷v�5'X:

E = k×pT. (1)

²L[Ü�Ñ$îÄþ«1�«�¹�[Ü�

�Çk = 0.94727±0.00055, ��«�¹�[Ü��Ç

k = 0.91615±0.00095. pîÄþ«ü«�¹e[Ü�

��Çk©O�0.92882±0.00106Ú0.88952±0.00111.

PHOSé\�>fUþ�­ï��T\�>f

�îÄþ¤�5�''X. 3$îÄþ«, �5Ý�

94.727%; 3pîÄþ«, �5Ý�92.882%. ÏLé

ã2êâ�?�Ú©Û, �,£ÄI��p��ÈU

þ�3PHOS¥o��ÈUþ'�¥V�êP~ª

³, �\�âfk��95.91%�Uþ��Ñ�È3±

\�:¬N�¥%�ü�� (3×3=9�¬N)¥, ��

yØ�u95.91%�Uþ�È3£ÄI��S, �y


PHOS�)>u&Ò���5. Ïd, 3PHOS¢�

¥æ^£ÄI�{´�1�.

3.2 PHOS�¯�>u�Ç

ALICE/PHOS¥, æ^£ÄI�{Q�y¯�

>u�Ç, Ó� á
PHOS�)>u&Ò��m.

FEE�æ�ªÇ�LHC��¨±ÏÓÚ
[7]

, =FEE

z25nsÒæ^£ÄI�{éPHOS�z�TRU«�

?1¿1×£, �£ÄI��¥�ì��¬N¥�È

�Uþ�Ú�Lý��>uK��, PHOS>uÀ�

XÚÒ�Ñ��¯�>u.

du�TRUü�´�pÕá�>u¯�, \��

TRU>.?�âf¯�ÒN´�¦>u, ¤±TRU

m�>.¬ü$PHOS�¯�>u�Ç. �
ïÄ

TRU>.éPHOS>u�Ç�K�, ��[Aé±e

ü«�¹�>u�Ç?1
O�Å�[: 1) æ^£Ä

I�{é��PHOS�¬×£��>u�Ç, Ø�Ä

TRUm�>.K�; 2) æ^£ÄI�{±TRU�ü

�×£��>u�Ç, �ÄTRUm�>.K�.

3.2.1 >uK��À�

>uK�À��´ÄÜn, éPHOS�>u�Ç

�p$kX���éX. >uK�À�Lp, Ò¬�

�¯�>u�Ç $, Ø|uPHOS�>uÀ�; >

uK�À� $, �µ�K�O�, �)>u&Ò�

AÇO�.

æ ^ AliROOT ¥ � £ Ä l ¯ � � ) ì, � â

PHOS�AÛëê�½¯��)ì�ëê, ¯�ê

�1×104, zg¯�£Äl¯��)ìéXEMC�¬

¥
1cm2 �/«�±�Å��Ýu�1f.

¯��)�, é\��1f¯�?1Uþ­ï.

é,�A½pT, éA�­ïUþÌæ^pd©Ù[Ü,

�pd©Ù�þ��µ, þ���σ.

²'�, ��[�(µ−3σ)��TpT �éA�>

uK�. �â��©Ù�A:, À�3σ °Ý�±�y

99.74%�¯��­ïUþþpuù�K�, ±�yK

�Ø�u��Lp
ü$
>u�Ç.

\�1f3ØÓpT ��¹eéA�K�©ÙX

ã3¤«, î�IL«\��pT �, p�IL«éA

�K� (µ−3σ). �n�/�L��pT éA�K�, ¢

�´éK����[Ü.

ã 3 >uK��©Ù

lã3��: 1) >uK�Ethreshold �1f�\�

îÄþpT ÷v�5'X, ©Ù�§Ó�§ (1), d��

�Çk = 0.85600±0.00088; 2) Ó���y
PHOSé

\�1fÓ�kûÐ�Uþ­ï5U, é\�1f�

­ïUþ�T1f�\�Uþ÷v�5'X.

3.2.2 >u�Ç�O�

>u�ÇReff ½ÂXe:

Reff =
Ntrigger

Ndetect

. (2)

�§ (2)¥Ntrigger L«U¦PHOS>uXÚ�)

>u&Ò�o¯�ê, Ndetect L«\��PHOS&ÿ

ì�o¯�ê.

��[¥, E,æ^AliROOT£Äl¯��)

ì, �é��PHOS�¬×�1f¯�, z�pT �þ

�)1×105 �¯�. æ^£ÄI�{éü«�¹e�

>u�Çþ�
�[, ©ÙXã4¤«.

ã4¥î�I�\�âf�pT, p�IL«��

pT éA�>u�ÇReff . ��:L«�ÄTRUü�

m�>.K���>u�Ç, �n�/:L«Ø�Ä
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TRUü�m�>.K���>u�Ç, ü«�¹e>

u�Ç©Ù÷v�§:

Reff = A0 +A1e
−

p
T

A2 . (3)

� § (3) ¥ A0, A1 Ú A2 � [ Ü ë ê. ã 4 ¥

¢ � Ú J � ´ © O é ù ü | ê â � � g � ê P

~ © Ù [ Ü, � � : � 3 � [ Ü ë ê © O � A0=

0.76968±0.0014, A1=0.11561±0.00216ÚA2=6.63358

±0.33605GeV/c, � n � / � 3 � [ Ü ë ê ©

O � A0=0.80389±0.00224, A1=0.10549±0.0023Ú

A2=7.60066±0.58455GeV/c.

ã 4 PHOS�¯�>u�Ç©Ùã

d ã 4 � �, 3 � Ä TRU > . K � � � ¹ e,

PHOS3��pT ��¯�>u�Ç²þ�Neü


�3.4%. Ó��l©ÙwÑPHOS�>u�Ç�X

\�âf�îÄþ�O�
¤�êP~, ùÌ�du

�X\�âfpT �O�, Tâf\��PHOS�ì�

�¬N«�¬O�, l
: (1) ��£ÄI��p�

�ÈUþ�3PHOS¥o��ÈUþ�'�¥V�

êP~ª³, Ïd¦PHOS�>u�ÇkP~�ª³;

(2) ü�¬N¥�È�Uþ¬O\, �Ù3PHOS¥

o��ÈUþ¥�'­¬�pT �O�
eü, Ïd

PHOS>.é>u�Ç�K�¬�pT �O�
\�.

¦+æ^TRU�FEE�O¦>u�Çk¤ü$,

�ØK�PHOS���ÚOÚ>uÀ�. Ó�æ^

TRU�O�Y�±�� áPHOS�)>u&Ò¤

I��m, ±÷vALICE>uXÚ�I¦.

3.3 PHOS�¯�>uªÇ

�Ä�ALICE�f&ÿì�A:ÚI¦, LHC

¢�Oy3�c�$1�mp, s107s^u�f–�

f-E, 
s106s^u­lf–­lf-E¢�
[8]

. é

uùü«-E�ª, $1�mÚ�p�^ÇÑ´(

½�, -E¯�ê���(½. ALICE¢�-EL

§¥�)�~��âfõ­ê, ¯�ªÇép, o¯

�êâþé�. eòzg¯�þ�;�êâ¼�X

Ú, ùé¢���´�é��Eâ]Ô. Ó�, éu¢

�êâ©Û
ó, �I�v
�¯���&Ò. Ïd

ALICE�f&ÿì7LÀ�Ü·�¯�>uªÇ±

¼�v
�¯���ê.

éuALICE/PHOS&ÿì5`, IÀ�Ü·�

¯�>uªÇ>u¯�Ú�;¯�. Ó�, ePHOS

3÷vêâ©Ûó�I¦��¹eé��1fγdirect,

π
0 Úη¯��>uªÇ�$�, KPHOS&ÿìg

��±�PHOS/FEEJø>u&Ò, 
ØI�5g

ALICE>uXÚJø�L0ÚL1>u.

LHC32008c$1�, ALICE¢��U�SC1

�½3�PHOS�¬. éuPHOS
ó, �
��v


�ÚOþ, ·�Ò�3¢�$1c©ÛALICE3SC

1�!3�Ú5�PHOS�¬�¹e�p-p, Pb-Pbü«

-E�ª�¯�>uªÇ.

�©¥��ÄPHOSAÛ�ÉÝ��S�âf¯

�, ¯��)��Ñ31�!3�Ú5�PHOS�¬�

¹e��1fγdirect, π
0 Úη¯��8�zpT Ì, ¿^

Power Law©Ù[Ü.

TPower Law[Ü�§÷v

1

2πpTNev

dN

dpT

= A

(

1+
pT

p0

)

−n

. (4)

�§ (4)�>�âf�8�zpT ©Ù, m>�

Power Law[ÜL�ª. [ÜL�ª¥k3�ëêA,

p0 ÚnÏLêâ[Ü¦�, pT �âf�îÄþ. d�

§ (4)��, �g-EL§PHOS3 [pT, pT+∆pT]«

mUÿþ��γdirect, π
0 Úη�âfêNpar �±Cq

L«�

Npar = A

(

1+
pT

p0

)

−n

×2πpT∆pT. (5)

�§ (5)¥, pT �âf�îÄþ, ∆pT �âf�8

�zpT Ì���ãpT «m���, ��[¥p-p-E

¯��½�∆pT �0.5GeV/c, Pb-Pb-E¯��½�

∆pT �1GeV/c.

�½PHOS¢��ÚOØ���#N10%, K3

z�pT ?�âf��êNsample ��100�=�÷v

êâ©Ûó�, Ó�q��ÄPHOS�¯�>u�Ç

Reff �K�. Ïd, 3÷vT¢�êâ©Ûó�I¦

(=Nsample=100)�-E¯�êNevent ÷v

Nevent =
Nsample

Npar×Reff

. (6)

�â�©3.2.2!>u�Ç[Ü�§ (3)9Ù[Ü

ëê, O�ÑPHOS310, 20, 30, 40Ú50GeV/c?�
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>u�ÇReff ©O�79.56%, 77.57%, 77.13%, 77.03%

Ú77.01%.

Ïd, PHOS�¯�>uªÇRtrig ½ÂXe:

Rtrig =
Nevent

t
. (7)

�§ (7)¥, tL«LHC$1Ïmü«-E�ª�

g�$1o�m. >uªÇRtrig AØ�u�p�^Ç

Rmin−bias= L×σtotal
[8]

, Ù¥L��Ý, σtotal �Ã �

-E¯��oî�¡.

d�§ (4)éγdirect, π
0 Úη¯��8�zpT Ì[

ÜÑ5�ëêÏL�§ (5), (6)Ú (7)O�ÑPHOS�

¯�>uªÇ.

3.3.1 p-p-E�¯�>uªÇ

ALICE¢�ò¦^-E�%XUþ
√

s=14TeV

��f6. 3T-E�ªe, ALICEJø�å6��

ÝL�±��5×1030cm−2·s−1[9]
, T�ªeÃ �¯

��oî�¡σtotal=101.5mb. p-p-E¯��)ìæ

^Pythia6.2, ��[¥�mõgÑ�L§, N^Ü©

f©Ù�§CETQ5L, ¿ÀJ�.4, Pythia�ëê�

½ë�©z[4,10].

|^Pythia¯��)ì�[6 × 106 gp-p-E.

PHOS�>uÀ�XÚ�)�L0>u´éT-E�

ªeÃ �-E¥1f¯��>u, Ïd��[éÃ

 �-E¥�1f¯�?1ÚO©Û.

p-p-E�ªePHOS>uªÇ©ÙXã5¤«.

ã 5
√

s=14TeVep-p-E�ªePHOS�¯�

>uªÇ©Ù

3.3.2 Pb-Pb-E�¯�>uªÇ

ALICE ¢ � ò ¦ ^ - E � % X U þ
√

sNN=

5.5TeV�­lfYå6. LHCJøPb-Pb-E��

��ÝLmax �1027cm−2·s−1[7]
, Pb-Pb-E�oî�

¡σtotal=7.73b, �â�§Rmin−bias=L×σtotal, Kz¦

¨�k8000gÃ �-E.

Pb-Pb-E�¯��)ìæ^HIJING1.36, T¯

��)ì��[pU­lf-E¯�. �©æ^HI-

JING¯��)ì�[
√

sNN=5.5TeVePb-Pb-E�

Ã �¯�, �)3×105 g-E. ��[�m�5|»

(Jet Quenching)Ú¶-�A, ¿�'Kπ
0 0fÚ­â

fPCL§, -Eëê (Impact parameters)���½

� (0,3)fm.

PHOS>uÀ�XÚ�)�L1>u&Ò´éu

Pb-PbÃ �-E¥�îÄþ1f¯��>u, ��

[�ÄÃ �-E�)��3PHOS&ÿìAÛ�É

Ý��S���1fγdirect, π
0 Úη¯�. Y–Y-E

�ªePHOS31�!3�Ú5�PHOS�¬ù3«�

¹e�¯�>uªÇ�O��{Óþ.

Pb-Pb-E�ªePHOS>uªÇ©ÙXã6¤

«.

ã 6
√

s=5.5TeVePb-Pb-E�ªePHOS�

¯�>uªÇ©Ù

�â¢��[(J�Ñ: (1) �f–�fÃ �-

E�ªe, PHOS�¯�>uªÇoN�p; Y–YÃ

 �-E�ªe, PHOS�¯�>uªÇoN�$.

(2) ü«-E�ªe, PHOSéu�îÄþ��1f

¯��>uªÇ�éuπ
0 Úη¯��p. (3) Y–Y

Ã �-E�ªe, PHOSé��1f¯���p>

uªÇ��2000Hz. Ïd, T-E�ªe, �±�Ä

dPHOSg�é�îÄþ1f¯�Jø>u&ÒL1.

(4) �f–�fÃ �-E�ªe, $îÄþ�1f

¯��±�ÄdPHOSg�Jø>uL0, 
éu�

îÄþ1f¯�KI�dALICE>uXÚJøL0>

u. (5) 3�f–�fÚY–Y-E�ªe, éu�SC

1�!3�½5�PHOS�¬ù3«�¹e�¯�>u

ªÇ�m¥y{ü�ê'X.

4 o(

�©ln��¡éPHOS�>uÀ�Å�?1


ïÄ, ¿éO�Å�[(J?1
©ÛÚ?Ø.
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1) éPHOS�Uþ­ï5U?1
ïÄ, ÏL¢

��[�Ñ
PHOSé$îÄþ��(0.4—10GeV/c)

ÚpîÄþ�� (10—100GeV/c)p�\�>f�U
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Simulation Studies on the Trigger Decision Criterion of Photon

Spectrometer in ALICE Experiment *

WANG Ya-Ping1) CAI Xu2)

(Institute of Particle Physics, CCNU, Wuhan 430079, China)

Abstract This paper studies deeply trigger decision criterion of the PHOS in ALICE experiment by simulation,

including three parts: 1) the energy reconstruction performance of PHOS is tested; 2) the selection of trigger threshold

is analyzed and the trigger efficiency is calculated; 3) the trigger rate of PHOS is evaluated and its selection is discussed

for the different collision mode.
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