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HIAF

• Y8/Z[\]^

• _`ab^c]^defg
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HIAF)HIAF-U

• hijk + %"lm(K/πnojkpηqi)*rsti)*

• Nuijkpvwrw)hx<yrz{|}

Ek (GeV/u) √sNN (GeV)

HIAF p束 <9.3 <4.58

HIAF U束 <2.45 <2.85

HIAF-U U束 <9.1 <4.54

!" –#$%&'()*

WXti+,(Huizhou Hadron Spectrometer)
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• ~i)*��:����������v�����:�(�)*

• e.g.��i�h�

C. Gatto
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• ~i)*��:����������v�����:�(�)*

• e.g.����)h���

C. Gatto
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• ~i)*��:����������v�����:�(�)*

• e.g.�)h

C. Gatto
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• ~i)*��:����������v�����:�(�)*

• %"���G�sector��)h~i�� H¡¢L�portal�~i£��:�~i

�¤�¥(¦§

portals

C. Gatto
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• ~i)*��:����������v�����:�(�)*

• ¨©��:�5ª(Higgs~i�LHC(!"��«fg¬�­®¯°�~i/�)*

• !±²�«3��³´­®�)*(N�µ¶�·μi�¸¹ºg-2rWh�

C. Gatto
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• ��)h~i»¼��½¾(Oh�¥x¿FÀ~i(WIMP, GeV~100TeV)%"�

�(ÁÂÃÄ�ÅÆfgÇ¨

• s�)h~i(MeV~GeV)��fgÈÉÊË�´N�(fg»¼|Ì

• tkÍÎ4\Ï´»¼s�)h~i(�ÐÑÒ

η*$+,

C. Gatto
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η*$+,
• ηr η’ÓHiggs´ÔÕÖ�(3×YØ�iÂ~i

• Q = I = J = S = B = L = 0

• ⇒��:�ÙÚÆÛÜ

• ⇒�)*(9ÝÞßO

• η / η’ ÙÚ%àÀá»¼â×ãä�)håæ(

¡¢(portal)~i�àçègRé��7

�êi

η → γA’

A’ → μ+μ- / e+e-

ëìi

η → ππa

a → γγ / μ+μ- / e+e-

�Higgs~i

η → π0H

H→ π+π- / μ+μ- / e+e-
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η*$+,
• ηr η’ÓHiggs´ÔÕÖ�(3×YØ�iÂ~i

• Q = I = J = S = B = L = 0

• ⇒��:�ÙÚÆÛÜ

• ⇒�)*(9ÝÞßO

• η / η’ ÙÚ%àÀá»¼â×ãä�)håæ(

¡¢(portal)~i�àçègRé��7

»¼�(CP���7

η→π0π+π-
• Ré��7´)*í�(N�î�

P: 1957 

CP: 1980
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• HIAF³ïsti)*&'ðñ©òó(jkôõ

X(3872)

ö÷ø{ K÷ø{

? ? ? ?
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• � �ù"�(Nuiúû�"üýw)hxþÿ(�ù!"

• »¼*#5ª(�oxÚÓ�æ$

!" –#$%&'()*

HIAF
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• � �ù"�(Nuiúû�"üýw)hxþÿ(�ù!"

• »¼*#5ª(�oxÚÓ�æ$

!" –#$%&'()*

HIAF

HIAF & HIAF U
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• !%w)hz{|}

• ⇒ �i&<yÓ7h
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• vw7hr�â'(�vw(­®

• ⇒vi-wirvi-vix¿FÀ

• ⇒�i&<yÓ7h

!" –#$%&'()*

HIAF & HIAF-U
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• 5)*+23p3),Ï + -Ä + "�./

• -ÄÀ0!9�ùúû12pΔt ~10ns (1/100MHz)

• ⇒»¼3�12�·v���:��r!±²3�45�

• "�./(dE/dx)À0!9�ùsw67Z�d, 4He, 6Li…�

• ⇒vw83�45�

• 9:;<~<100μm ⇒ Δx ~<30μm

• X/X0 ~ 0.3%

• =pixel>-Ä~10μs ⇒?É!12@-(A�²

Z=2
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Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

#$%

Nupix-H4

&'%

()*+

HHaS,-

• Ô]^3BNupix-HCD/0rkD

• EFäGHHaS�HI�
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Nupix-H1#$90Sr β./0123

• R0AJÑK�dnf®©MAPSCDLM9:-Är"�./N�

• EFäGHHaS�HI�

+, HHaS-. Nupix-H2-test/
012

34

5678 ~100 um 28.705 um 9:

;</<=> ≥ 16 MIPs (~ 12 ke-) 9 ke- ?&@:

;</<AB ≤1/5 MIPs (~ 150 e-) ≤ 48.75 e- 9:

CD/<EF ≤10 ns 25.88 ns 9G@:H<I

JK ≤ 200 mW/cm2 \ LMN.

OCD ≤ 10 μs \ LMN.

Nupix-H2-test4562

789#$:;

Nupix-H2-test2<

#<=>#$?@

Nupix-H2-test2<

#<AB#$?@
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• OJP3�QR-Ä�SPr$T3�UV-Ä

• W6~iXY + Z�F!9�ù12(*+

• Δt~30ps

• ;[Àôz6\AC LGAD

• Δxrφ~10μm ⇒ù-À0*+;E

• DJ]>!

• X/X0 ~< 3%
!" –#$%&'()*
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• REDTOPfgG&­(ADRIANO2^6¹�"4

• _`a+bcdeN� ⇒¤ó( e+- vs. π+-rγ vs. n XY"Ð

• _`apfgPhê�Ö�6¹ijkl

• bcdp�6¹Ótiijù-kl

• ΔE/E ~ 3% @ 1GeV

• Δt ~ 200 ps�À0!9�ù12(mn

• ^�-Ä�:o>-Ä�~ μs�?É!12@-(A�²
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2.45GeV/u U+U 9.3GeV p+p
charged particles

|,pr"q�rT

12@ ~100 MHz (pjk), ~1 MHz (Nuijk)
|,prT θ: 10˚~100˚; φ: 0~2π
W6~iq�3�st pT > 50 MeV (0.8 T¹u)
γ"�3�st E > 50 MeV
v�q�9w ~1% (4 T¹u); ~3% (1.5 T¹u)
EM"�9w ~3% @ 1GeV
v�*+,Ï9w ~500 μm (úûx$yG)
XY~i e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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12@ ~100 MHz (pjk), ~1 MHz (Nuijk)
|,prT θ: 10˚~100˚; φ: 0~2π
W6~iq�3�st pT > 50 MeV (0.8 T¹u)
γ"�3�st E > 50 MeV
v�q�9w ~1% (4 T¹u); ~3% (1.5 T¹u)
EM"�9w ~3% @ 1GeV
v�*+,Ï9w ~500 μm (úûx$yG)
XY~i e+-, γ, π+-, K+-, p, d, t, 3He, 4He

q�9w EM"�9w

B = 4T B = 1.5T
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TOF~iXY"Ð

12@ ~100 MHz (pjk), ~1 MHz (Nuijk)
|,prT θ: 10˚~100˚; φ: 0~2π
W6~iq�3�st pT > 50 MeV (0.8 T¹u)
γ"�3�st E > 50 MeV
v�q�9w ~1% (4 T¹u); ~3% (1.5 T¹u)
EM"�9w ~3% @ 1GeV
v�*+,Ï9w ~500 μm (úûx$yG)
XY~i e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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TOF~iXY"Ð

12@ ~100 MHz (pjk), ~1 MHz (Nuijk)
|,prT θ: 10˚~100˚; φ: 0~2π
W6~iq�3�st pT > 50 MeV (0.8 T¹u)
γ"�3�st E > 50 MeV
v�q�9w ~1% (4 T¹u); ~3% (1.5 T¹u)
EM"�9w ~3% @ 1GeV
v�*+,Ï9w ~500 μm (úûx$yG)
XY~i e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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eN��"4EM vs. tiijXY

12@ ~100 MHz (pjk), ~1 MHz (Nuijk)
|,prT θ: 10˚~100˚; φ: 0~2π
W6~iq�3�st pT > 50 MeV (0.8 T¹u)
γ"�3�st E > 50 MeV
v�q�9w ~1% (4 T¹u); ~3% (1.5 T¹u)
EM"�9w ~3% @ 1GeV
v�*+,Ï9w ~500 μm (úûx$yG)
XY~i e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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• O892348õrz{%à|}~���H

• _`a�U(�j��äG¯\È�����3�

!" –#$%&'()*

500 MeV U+U，1MHz，1个月2 GeV p+Li，100MHz，1个月

FLUKA模拟结果 参考抗辐照性能

辐射剂量
(Gy)

Si1MeV等效中子
通量(neq/cm2) 

探测器/材料 辐射剂量 (Gy) Si1MeV等效中子
通量 (neq/cm2) 

最内层硅 3000 3×1012
pixel 2×104 1.7×1013

LGAD 1×1015

最内层EMC 50 3×1011
铅玻璃 20

SiPM 1×1014
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• 1.8 GeV p + 7Li�100MHz12@��M����kt/��kt = 30%

• �lm6 � 1011Mη ~��åæ4�ηÂ�(1000�

• Δc ~ 5 � 10-5

• ÞCOSYÓKLOE-II®�

<=±�~2M�o

»¼�êi »¼�Higgs CP��7èg

Nuclear Science and Techniques (2025) 36:137 
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• ��μm(,Ï9w"Ð

⇒��]é�(vw8¥ÙÚ~iNb
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• �b>5��1.3�

⼦系统 预算（万元）

靶 50

硅像素径迹探测器 3000

LGAD⻜⾏时间探测器 3300

电磁量能器 2200

螺线管磁铁 2000

技术⽀持系统 100

数据获取系统 2400

合计 13050
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• 82-152 M USD�5.6 – 10��

• �0D�ÍÎ4fg�r��Ý��¶

• ]dE/dx3��] |}x<yrvw&'�H

• 6¹+ti�"4

!" –#$%&'()*
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• 55M¡��4��

• 0¢2028`b^

• 12@<10MHz�]ß!(hi£¤12@

• Ü"!|,prT�}
!" –#$%&'()*
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• WXti+,(HHaS)

• ¨Z(234Q©

• 5)ª9:*+234

• LGAD«¬-Ä234

• fgPh-bcêeN�6¹�"4

• ­((7"

• \!12@p~100MHz (hijk)

• Oä®²

• Y�(~iXYpe+-, γ, π+-, K+-, p, d, t, 3He, 4He

• ¯°;< ⇒>?%? ~1.3�

• Ò�£CBM+REDTOPx�(7"Ó±Ð

• %à&'U²()*



efgef
³i234p´{ + MRPC?

• ηqi)*µÍ>2�ÙÚ¶

�i·p¸b¹

• sti)*

• º}»¦

ë¼~i234?

• ë¼vw

• º}»¦

• ¥¦�½ +¾¿

\Àjkr¤?

• ÁÂ)*

42

π & K qijk?

• ηqi)*&'ßÃÄ

• sti& vw
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&'CDE

Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

F5%

Nupix-H4

&'%

()*+

HHaS,-

5678 30 μm 30 μm 45 μm ~100 μm

;</<=> 6 MIPs (~5 ke-) 12 MIPs (~10 ke-) 16 MIPs (~15 ke-) 16 MIPs (~15 ke-)

;</<AB < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-)

CD/<EF PnsI ~25 ns ~10 ns ~10 ns

JK - - ≤ 600 mW/cm2 ~200 mW/cm2

OCD - - 102.4 us ~10 μs

• Ô]^ÅBNupix-HCD/0rkDr3��Nupix-H3kD�

• EFäGHHaS�HI�
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• Nuiúû

• 1MHz

• ~100 track

• 6 hits / track

• 1M*100*6 = 600M hits / s

• ηqi)*

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• �+,Â�WÆ�H£CEE�ù�M�o

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

!" –#$%&'()*
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• 3He\À¤-.þ
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• π & K qijk/0:;

• ÇÈÉrÊPrËAÌrÍÎÏ
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2022.8

2022.9

2022.12

2023.2

2024.8

2024.8 ®�

®�
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@ABCD+EFGHBCDno

• hitÐÑ¾¿�N� ⇒Ò σ = 20μm Z�Fð!pixel,Ï±²���¬�ÓÔ

• ð!¹ut²�µO234Õ*�Ö%àð!q�9w

hitÐÑ¾¿

∝ σ / (B L2 √N)

ân×gØj¾¿

∝ √(X/X0) / (B L)

R ~ 30 cm vs. 50 cm q�9w@î�

30 cm�0.8T 30 cm�1.6T

50 cm�0.8T

!" –#$%&'()*
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@ABCD+EFGHBCDno

• OSPLGAD%àÀÙÚ

• 5ÚÛÚÜ%àOÝðÞØßà=

• STAR pixel(ÚÜÛdZ�áÑâ�1.5²

• ·=ã§äÛá²~5∘C�å�äÛá²~15 ∘C �æù�ç�Øß�%àµO7�

• èS(ó�pßÜ(CDÑFá²�ßéêë

• Stã¸áäÛ�ìíÙîï<

ðñòÏÓØßî�
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NOD5p

• π+-/e+-~100, n/γ~8 ⇒ ïXY e+-rγ��OÝÛÜπ+-rné�

• ]#óÀô×bcd234�bcêlè ∝õö"�� γa÷§¤â(�ié�

• øtiijlm(fgPhêùË06¹ij�3�fgPhê�tiijé�

ÆÛÜ

~iq"9ò _`a�õö

"�9ò

∝bcd�"4êlè

fgPhê

lè9ò

!" –#$%&'()*
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�d

• ä®²

• PID

• "rq�r,Ï9w

• 12@

5�

úõ

• û:;rY:;

ηqi)*

vw)*

sti)*

w)hxÚ

pixel

LGAD

EMC

³iXY �pë¼~i23

+º}»¦

�i3� üüü

Krpinoj

üüü

\À¤

abc

eýþ

eýþ

eýþ

�þ

!" –#$%&'()*
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NOD5p

• ÿ�_`a�U(�j��(50Gy)äG¯\È�!_`a�¤â�ù�nr"|

• ÿ�pTF101�ä�20Gy��#ê½$@%Ü1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80`B&¿

• Al_`aZF2�'ADRIANO2 óÀ(�n��~�j7"]x»({�)3�

• *ASCHOTT+,SF6�n_`a�4000Gy�j���j#�-3.ê7òó

• ¯°/TpPbF20d1B /2Sê3!á45

FLUKA模拟结果 参考抗辐照性能

辐射剂量
(Gy)

Si1MeV等效中子
通量(neq/cm2) 

探测器/材料 辐射剂量 (Gy) Si1MeV等效中子
通量 (neq/cm2) 

最内层硅 3000 3×1012
pixel 2×104 1.7×1013

LGAD 1×1015

最内层EMC 50 3×1011
铅玻璃 20

SiPM 1×1014

https://doi.org/10.1016/0168-9002(94)90990-3
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NOD5p

• ÿ�_`a�U(�j��(50Gy)äG¯\È�!_`a�¤â�ù�nr"|

• ÿ�pTF101�ä�20Gy��#ê½$@%Ü1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80`B&¿

• Al_`aZF2�'ADRIANO2 óÀ(�n��~�j7"]x»({�)3�

• *ASCHOTT+,SF6�n_`a�4000Gy�j���j#�-3.ê7òó

• ¯°/TpPbF20d1B /2Sê3!á45

https://doi.org/10.1016/0168-9002(94)90990-3
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• STAR –b625`

Oä�²

*+23

6¹�

"4

«¬-Ä

234

³i2

34

JP TPC

Þo

�Ì*+234

+�"4
+ + + + +

QGP(­®

Ó7h

hi

ÁÂ
�)h

xÚ&

�æ$

v78úû

�êm)h�
+ + + +
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• �^;(=�)*-�(<¡fg�³�^;(â)*-�fg

!" –#$%&'()*

+,'q
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• 1995

• 2012

• 1990

• 1988

• 1984

• 1980

• 1979

• 1976

• 1969

• 1965

• 1957
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• *+NbCPU-Ä

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• ��kt/O!kt ~ 0.3

• 1M��Â�12M��*

• �(��CPUwÂp0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUð=5�p10>�/100CPUw * 1.e5 w = 1��

• óÀGPUB1CPU ~ 1/3

• ?á0�ð­@ ~1/2

• �"4Nb"�>50MeVA­/�B��

• ⇒Â��*ð=5��C>��o
!" –#$%&'()*
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• MRPC�ëDCEE ETOF

• EF)hGË� μ+-q�%àGÜ�!π+-ÛÜ§ÂÚé

• HIFïEFz{¹ß!à(μ+- / π+-XYQ©¹

• -Ä9wp�Ips

• ,Ï9wp�cm N�ôpitchre$N�-ÄÑ�£*+4)"�

• JïOp²!¬�!q�μ+-�ÖòÏ0�p

• �ö~11 m2 >?~500>

!" –#$%&'()*

ÊKrLM
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• BRing�á(spill(-Ä<y

• NO´ePüý(�1M�Ó1M�(N5P@�10~30kHzQÄ��£�QÄ(jk

ÊË

• BRingR��S�Mý6O�2us�T�3s(R��x���1.5e6U�1e11ppp(

kt����UV6.7e4Mui�@0WXþÞÊO�³þ�-Ä<y���:;
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• ân×gØjMCS89¾¿p

• ¨0�Y²l/2(*+(Øjp²θ0

• Z0�Y²l/2(*+Å$θ0(p²�[(\@1/R = θ0 /(l/2)

• O#]�MCSq�9w@¾¿

• ^�89¾¿â´�MO-@��fB_`�a0hitÐÑ£MCSx�¾¿O

é8

• hitÐÑ89¾¿p

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEErSTARfgóÀ+^Ó:;<=Réxb

CEE box TPC

STAR TPC

@ABCD~N���
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• Nuiúû

• 1MHz

• ~100 track

• 6 hits / track

• ηqi)*

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• Jc�ª*+234]^DÿdeNb#��+,Â�@£CEE�ù�M�o
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• >?

• 400�/cm^2 (CD100 + FPCB6ií100 + Ýf<y8200�+ 1200>&­�

À + 300>gh�

• ��ö28000 cm^2 ⇒ 400 * 28000 = 1100>

• i8pOSP25cmÕ*�30cmY�OSP�ö 3.14*25*2*30 = 4700

cm^2�5P���ö 4700*6/2 = 14000 cm^2

• �$p30cmÕ*�5P�3.14*30*30*5 = 14000 cm^2

• �>?1100> + 1200> + 300> = 2600>
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• >?

• LGAD½l4�!"4-�6i4�2�|j��öp 900>

• ASIC �TSMCCD����k7�p 600>

• :oG\�l\m8�p 400>

• 6iíN�np500>

• !Û§¾�o/LM:o=pñ!Û�p300>

• ÜÛ§¾p100>

• ÚÜ§¾p300>

• 6q8p200>
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• HADES EMC

• "�9w@ ~6% @ 1GeV�~25% @ 50MeV

• -Ä9w~215ps �0.8 GeV6i�

• ^�-Ä~0.5 μs

• tiijfgPhêlèÜ06iij��r0ÛÜ�ir πé�

• >?p~<1000>
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• POSTCF5&

• "�9w@ ~2% @ 1GeV�~7% @ 50MeV

• -Ä9w

• ^��p~150ps @ 1GeV�émn~1ns

• ^�#p600ps @ 1GeV�émn�Mns

• ^�-Ä~1 μs

• >?p5800>� θ=10-100²�/ 4000>� θ=10-60²�



��s

70

• NICA-MPD�"4�AJst8Á£&Éml

• 0.3mm_ + 1.5mm´b�_�jY²0.56cm�

• "�9w@~6%@1GeV�~20%@50MeV�+^u��

• v�%/�25MeV

• -Ä9w~100ps @ 1GeV�~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)>-Ä~50ns

• w�¬�xS(6ií^�-Ä¹

• >?~<1C>

• MPD ECAL 4.5my*�6mY�z�6>?~3C>
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• {CsI0d

• êÙ|-Äp6ns / 35nsû}^9

• êlèp2.3 / 5.6% NaI

• �~800o0d�LoY20cm�~$�6.5cm�6.5cm

• Lo0d4DAPDN�

• "�9w@ ~3% @ 1GeV

• -Ä9wó01ns�%�100MHz12@�!9�ù12

• ��j7p100krad?�7"ÚÀ�1012�i/cm2�j#êlè%Ü0-20%

• �POrG)48�STCF EMC5&�

• >?p5800>� θ=10-100²�/ 4000>� θ=10-60²�
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• Ò0.2GeV/cq��R�Ò�Êó(e / πXY"Ð

• πÛÜ�M�oàÿ
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• 6ií$�mn�:%YV1000ns

• ��100MHz12@

• L124MW6~i+4�i%"ij

• LM0d�ö12-@~1

• %À�:[�r;E�*12�ö

• ÙÚeêi�pÊO�0d;<|}9w

�H

���
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• 6u�j��

• 100MHz12@�LM121.8GeV"���Õ"���õö��p40cmÕ*�

25cm�(0d��æ�M�(�j��ï

• 100e6*1.8*3600*24*30*1.60218e-10*0.5 / (3.14*40*40*25*4.51/1000) = 66 Gy

• �i�j��p

• 100MHz12@�LM124M�i��Õ��jÌ�p40cmÕ*0d�æ�M

�(��i���ï

• 100e6*4*3600*24*30*0.5 / (3.14*40*40) = 1e11 n / cm^2

• £mu2efg3�óÀ��(900 Gyr 9e11 n / cm^2)��M�o

• %à� 150�C!á���¨�j��

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPC�ëDCEE ETOF

• N�ôpitch 25mm�e$N�-ÄÑ�U«N�ô|Ì,Ïm�p100ps*c=30mm 

• ÅM)²�%�Ucm�o(,Ï9w@�£�Ips(-Ä9w"E�%à£*+

Z¬4)"��ÛÜtiijé�

• �öp3.14*0.55*0.55 + 3.14*0.8*0.8 + 2*3.14*0.55*1 + 2*3.14*0.8*1 = 11 m^2

• >?pCEE ETOF 8m^2� 350> ⇒ 11 m^2, 500>
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ã§~20∘C

äÛ

ã§~5∘C

äÛ

äÛ

å�



Beam dump
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模拟设置
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探测器

• 硅径迹探测器：纯硅，100微米厚度

• LGAD：纯硅，300微米

• 电磁量能器（1层铅玻璃+CsI+硅）

• 事件产生: Fluka

• 500MeV U+U: 靶厚度250微米, 非弹散射事件率：2%

• 单束流粒子剂量⇒一个月剂量：1MHz / 0.02× 3600s/h × 24h/d × 30d

• 2GeV p+Li: 靶厚度5毫米, 非弹散射事件率：0.4%

• 单束流粒子剂量⇒一个月剂量：100MHz / 0.004 × 3600s/h × 24h/d × 30d

铅玻璃

纯硅



一个月运行辐射剂量和1MeV等
效中子通量
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500 MeV U+U 

2 GeV p+Li



一个月运行辐射剂量和1MeV等
效中子通量
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2 GeV p+Li
（100MHz 1 month）

500 MeV U+U 
（1MHz 1 month）

探测器可承受

参考剂量/通量
Dose (Gy) Si1MeV fluence 

(neq/cm2)
Dose (Gy) Si1MeV fluence 

(neq/cm2)
探测器/材料/元

件

Dose (Gy) Si1MeV fluence 
(neq/cm2)

最内层Si 200 3×1012 3000 3×1012
pixel 2×104 [1]

1×106 [3]

1.7×1013 [1]
1×1013 [2]
1×1015 [3]

LGAD 1×1015 [4]

量能器
20

50（前角局
部）

3×1011 20 109
铅玻璃 20 [5]

SiPM 1×1014 [6]
[1] ALPIDE抗辐射（ALICE IST upgrade已大规模使用）： 1.7×1013neq/cm2

https://indico.cern.ch/event/695271/contributions/2956083/attachments/1637991/2614211/CERN_LHC_Rad_symp_23042018_HHI.pdf
[2] CMOS pixel探测器抗辐射（Supix-1, CEPC，山大）： 1.×1013neq/cm2 https://arxiv.org/abs/2202.11471
[3] DMAPS抗辐射（MALTA2, HL-HLC）： 1.×1015neq/cm2 https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10246423&tag=1
[4] LGAD抗辐射（NDL, HL-LHC，高能所、北师大）： 1.×1015neq/cm2 https://www.sciencedirect.com/science/article/pii/S0168900220310056
[5] 铅玻璃抗辐射（TF101）：20Gy辐照后透光率降低1% https://doi.org/10.1016/0168-9002(94)90990-3
[6] SiPM抗辐射综述： 1.×1014neq/cm2

https://indico.ipmu.jp/event/166/contributions/2761/attachments/2145/2627/SiPM-rad-dam-review_PD18_Musienko-v3.pdf

• pixel、LGAD、SiPM，已有同类探测器满足抗辐射要求，需要研发和选型时确定抗辐射指标并实现

• 铅玻璃受到的辐射剂量与现有产品的抗辐射能力接近，需要专门研发提高，或每次实验后拆卸高温淬火恢复

https://indico.cern.ch/event/695271/contributions/2956083/attachments/1637991/2614211/CERN_LHC_Rad_symp_23042018_HHI.pdf
https://arxiv.org/abs/2202.11471
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10246423&tag=1
https://www.sciencedirect.com/science/article/pii/S0168900220310056
https://doi.org/10.1016/0168-9002(94)90990-3
https://indico.ipmu.jp/event/166/contributions/2761/attachments/2145/2627/SiPM-rad-dam-review_PD18_Musienko-v3.pdf


Back-up
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e & muon
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• Üq��XY³ir!àÇ¨pi+-�¤�� ⇒%"â��rT�p10-60²st

• %à��EMC+�(�²����kq�àÿ(³iZ¬XY

• 2·���25cm CsI + 20cm��%à��0.6GeV/càÿ³i�pi+-Ç¨�7���

• ��25cm CsI + 40cm��%à��0.8GeV/càÿ³i�pi+-Ç¨�30���

• ��<E�f)*etaré�lèrÙÚ qíZ¬:;�akO¡��²

etaÙÚ(pi+-9ò

GDïÙÚ³i9ò

LM

ÊK
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¢*M

• ��U��MHz(12@���êÙ|-Ä~ns�o

• £F��{CsI�2S¤@(SiPM�â�6nsû^9kl ~3M1õ�ö�%àä®

• "�9w@~2.3%@1GeV��>?�1��POSTCF��Z¬x»5&

• BaF2û^9êÙ|-Ä0.9ns�!ÞCsI¥2-3� ⇒ ~2��"4>?�%"¦¥©
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• £REDTOP(CTOFëD

• Ûï§qh���¨j@1.02

• â�~ibeta > 1/1.02 = 0.98�Vþ­�fgPhê

• e: p > 2.5 MeV ⇒��4�6i%�

• pi: p > 685 MeV ⇒Ç¨�O89ti�ß!q�e piXY©ª6¹�"4

• â23�]fgPhê��^9

• ÉF^«=r¾�(:op�¬r­®rSiPMN�

• ]�^9§¾r]�!±²(�� ⇒Ü^érÜç¯

• REDTOP CTOF>?�O°±²é�p0.6 M USD ⇒ 400>�

ÊK

• ´³����a0TOFÓEMC"³�

´Mq�stµä6iXY

• TOFpe / pi XY@ p<0.3 GeV/c

• EMC: ?
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