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HIAF)HIAF-U

• I!"J9.3GeV/u(KLMN

• ηOL)*PQRL)*

• HIAF(HIAF-U)S<2.45 GeV/u (<9.1 GeV/u)(UM

• TUPU)KV9WPXYZ[

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
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• %"\]K/π^HM

• ηPQRLPTU
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• _L)*`a7bcdefghijkTlmn`a7b(o)*

• e.g.pqLrKJ

C. Gatto
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• _L)*`a7bcdefghijkTlmn`a7b(o)*

• e.g.stuv)Kwxy

C. Gatto
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• _L)*`a7bcdefghijkTlmn`a7b(o)*

• e.g.z)K

C. Gatto
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• _L)*`a7bcdefghijkTlmn`a7b(o)*

• %"{|eD}sector~z)K_Li������}portal~_L�`a7b_L

r�q�(��

portals

C. Gatto
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• _L)*`a7bcdefghijkTlmn`a7b(o)*

• ��`a7b��(Higgs_LiLHC(!"Jn����r����o_L/o)*

• !��n�3Ji����o)*(�k��i�μLv�� g-2PWKJ

C. Gatto
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• |z)K_L¡¢pi£¤(¥KJ�V¦C§_L(WIMP, GeV~100TeV)%"{

|(¨©ª«w¬­��®�

• Qz)K_L(MeV~GeV)mn��¯°±²i��k(��¡¢Z³

• RN´µ4¶·�¡¢Qz)K_L(r¸¹º

η*$+,

C. Gatto
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η*$+,
• ηP η’»Higgs�¼½¾r(3¿ÀÁJL©_L

• Q = I = J = S = B = L = 0

• ⇒`a7bÂÃ­ÄÅ

• ⇒o)*(6ÆÇÈ¥

• η / η’ ÂÃ%É§F¡¢Ê¿ËÌz)KÍÎ(

��(portal)_LiÉÏÐ�ÑÒxyÓ

zÔL

η → γA’

A’ → μ+μ- / e+e-

ÕÖL

η → ππa

a → γγ / μ+μ- / e+e-

zHiggs_L

η → π0H

H→ π+π- / μ+μ- / e+e-
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η*$+,
• ηP η’»Higgs�¼½¾r(3¿ÀÁJL©_L

• Q = I = J = S = B = L = 0

• ⇒`a7bÂÃ­ÄÅ

• ⇒o)*(6ÆÇÈ¥

• η / η’ ÂÃ%É§F¡¢Ê¿ËÌz)KÍÎ(

��(portal)_LiÉÏÐ�ÑÒxyÓ

¡¢o(CPwxyÓ

η→π0π+π-
• ÑÒxyÓ�)*×p(�kØh

1957, 1980
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• HIAF�ÙQRL)*&'ÚÛ�ÜÝ(MNÞß

X(3872)

àáâY ãáâY

? ? ? ?
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• ��wä"J(�åLæçi"èéU)KVêë(wäìí

• ¡¢*î��(eHVÃ»dÎï
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• ��wä"J(�åLæçi"èéU)KVêë(wäìí

• ¡¢*î��(eHVÃ»dÎï
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HIAF
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• ��wä"J(�åLæçi"èéU)KVêë(wäìí

• ¡¢*î��(eHVÃ»dÎï
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HIAF

HIAF & HIAF U
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• !ðU)KXYZ[

• ⇒ pLñ9W»ÓK
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• TUÓKP}Êòó~TU(��

• ⇒TL-ULPTL-TLV¦C§

• ⇒pLñ9W»ÓK
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HIAF & HIAF-U
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• ôõ_Lö÷J>50MeV

• γ"J>50MeV

• ¥Zøùúû(θ:10º~100º, φ:0~2π)

• e+-, γ, π+-, K+-, p, d, t, He3, He4 _Lüý

• π+-/e+-~100, n/γ~8 ⇒ Ùüý e+-Pγij¥þÄÅπ+-PnÒÿ

• !ø·6!iÄÅTU"ÂÃ_LÒÿ

• #Tä"ì�r��($%&
19

2.45GeV/u U+U 9.3GeV p+p
charged particles
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• '()*~<100μm

• +pïø·,-~<20μm

• X/X0 ~ 0.4%

• .§�/(012�(Rmax~30cm)3%45±

Ý(÷J6!S

• ~3%  (1.6 T�6)

• ~6%  (0.8 T�6iúû50 MeVÅö÷J)

• �7�8ÂÃ9ïiÄÅTU"Òÿ

B = 0.8T

B = 1.6T

R = 30cm, B = 0.8T

pT = 50MeV/c
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• 5:0123S3:ø· + ;« + "J<=

• ;«§>ì6wäæç$%SΔt ~10ns (1/100MHz)

• ⇒¡¢?r$%}�Tl`a7b~P!��3J@Aj

• "J<=(dE/dx)§>ì6wäQUõBZ}d, 4He, 6Li…~

• ⇒TU"3J@Aj

• CpixelD;«~10μs

• E°!$%&;(Fr�

Z=2
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!"#$%

Nupix-H1

&'

Nupix-H2

&'

Nupix-H3

()*

Nupix-H4

!"*

+,-.

HHaS/0

+,-. 30 μm 30 μm 45 μm ~100 μm

/01023 6 MIPs (~5 ke-) 12 MIPs (~10 ke-) 16 MIPs (~15 ke-) 16 MIPs (~15 ke-)

/01045 < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-)

671089 :ns; ~25 ns ~10 ns ~10 ns

<= - - ≤ 600 mW/cm2 ~200 mW/cm2

>67 - - 102.4 us ~10 μs

• ¼GHIJNupix-HKL/0PNLP3MiNupix-H3NLp

• NOÌPHHaSjQR`
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Nupix-H11)2)34590Sr β6789:;

• Ñ>>S¹T���MAPSKLUV'(;«P"J<=Wl

• NOÌPHHaSjQR`

?@ HHaSAB Nupix-H2-test
1CDE

+,-. ~100 um 28.705 um √

/01023 ≥ 16 MIPs (~ 12 ke-) 9 ke- ⇗

/01045 ≤1/5 MIPs (~ 150 e-) ≤ 48.75 e- √

671089 ≤10 ns 25.88 ns ⇗

<= ≤ 200 mW/cm2 \

>67 ≤ 10 μs \

Nupix-H22)

Nupix-H2-test1)<

:=>?45@A

Nupix-H2-test:B

4BCD45EF

Nupix-H2-test:B

4BGH45EF
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• ISX3JYZ;«i[XP$û3J5\;«

• Δt~30psi"�Ý]üý¥56ôõ_L

• ^eOì6wä$%(01
!" –#$%&'()*
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• 8_§ÞXõ`AC LGAD

• Δxrφ~10μm

• ä;§>018B

• LSaDì

• X/X0 ~< 3%

• !"@Pb¥LGADcd

e>ÍÎfg]ø

中科大

中科大
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• REDTOP��D&�(ADRIANO2hõ�J"4

• ijk+lmnoWl ⇒�Ý( e+- vs. π+-Pγ vs. n üý"¸

• ijkSpqbrÔi¾xõ�stuv

• lmnSxõ�»RLstä;uv
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• 78wx"J6!&~3%@1GeV

• �REDTOP��D3M9:[yVz

• ÌPlm{nJ"4"J6!|}}~2%~iÝ>e~(_�bJ"4}~6%~

• ijkP�l��HÒÅ ⇒!Ó<Ç

• Δt ~ 200 psi§>ì6wä$%(��

• Hb;«}7�D;«~~ μsiE°!$%&;(Fr�
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• ¥562345ßP��%É�����kQ

• ijk�5(�t�JÌP�`¯}TF101SÌ�20Gy���Ô£�&�Å1%~

• ¡¢���ÈÝ(ijk /�[Ô�!���
!" –#$%&'()*

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

• 100MHz$%&ieV�i}�NR/��NR = 30%

• �\]6 � 1011Vη ~mnÍÎ@rη©�(1000�
!" –#$%&'()*

https://arxiv.org/pdf/2407.00874
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https://arxiv.org/pdf/2407.00874
• 1.8 GeV p + 7Li

• 100MHz$%&ieV�i}�NR/��NR = 30%

• �\]6 � 1011Vη ~mnÍÎ@rη©�(1000�
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• 1.8 GeV p + 7Li

• 100MHz$%&ieV�i}�NR/��NR = 30%

• Δc ~ 5 � 10-5

• ÇCOSY»KLOE-II�r9:�7~2VJH

!" –#$%&'()*

https://arxiv.org/pdf/2407.00874
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• ��μm(ø·6!"¸

⇒��aÒÿ(TU"�ÂÃ_L�8
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•  8;�¡¢1£

• %¤¥>¦§¨Ñ©ª�¥b&,4&°«¬

• �%ÉCÙCNUF0­(e56

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 USDi5.6 – 10£®

• e>A¯´µ4��°P±²Æ³´�

• $%&500MHz vs.  HIAF!"#$+, >~ 100MHz

• adE/dx3Jiaµ��V9WPTU&'jQ

• õ�+RLJ"4

!" –#$%&'()*
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• 55M¶®i4£®

• 0­2028·8H

• úû"J2.5-11 AGeVi�HIAF + HIAF-U (0.8-9.1 AGeV)ÌP

• $%&<10MHz  vs.  HIAF!"#$+, > 1MHz

• aÈ!(KL¸¹$%&

• Å"ìZøùúûw�
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jkljk
½L234S�� + MRPC?

• ηOL)*¾´>2�ÂÃ¿

pLÀSÁlÂ

• QRL)*

• /[Ã�

ÕÄ_L234?

• ÕÄTU

• /[Ã�

• º»oÅµ+ÆÇ

`ÈMNP¹?

• §É)*

40

π & K OLMN?

• ηOL)*&'ÈÊË

• QRL& TU



m1
• ÌÍÚÎ|HIAF!"#$8;eVÏÐÑ+,iºr

• 5:Ò'(01234

• ÓÔ)* ⇒;<%E

• TU)*~0Òÿ

• pqbr-lmÔoWlõ�J"4

• e+- vs. π+- & γ vs. n_Lüý"¸R

• `!$%&

• KLMNS>~100MHz

• �åLMNS>~MHz

• )*¬`S

• KLMNSηOL)*PQRL)*

• �åLMNSTUPV9WPU)KXYZ[

•  ;<~>1£

• ºr�CBM+REDTOP

Vm(Ó"»Õ¸

41!! J
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• �åLæç

• 1MHz

• ~100 track

• 6 hits / track

• 1M*100*6 = 600M hits / s

• ηOL)*

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• o+,©�ôÖjQ�CEE|äeVJH

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

!" –#$%&'()*
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• 3He`È¹-.ê



jkljk

45
• π & K OLMN/078

• ×ØÙPÚbP¤>ÛPÜÝÞ



46

2022.8

2022.9

2022.12

2023.2

2024.8

2024.8 �|
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DEFGH+IJKLFGHrs

• hit,-ÆÇw�k ⇒ß σ = 20μm ^eOÚ!pixelø·��i���ràá

• Ú!�6R�i¾¥234â0iã%ÉÚ!÷J6!

hit,-ÆÇ

∝ σ / (B L2 √N)

Ê^äqåtÆÇ

∝ √(X/X0) / (B L)

R ~ 30 cm vs. 50 cm ÷J6!&Øh

30 cmi0.8T 30 cmi1.6T

50 cmi0.8T

!" –#$%&'()*
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DEFGH+IJKLFGHrs

• I[XLGAD%É§|æ

• �æçæè%É¥þÚGåéê:

• STAR pixel(æèçn^l�-ër1.5�

• �:ì¼íç��~5∘Ciî�íç��~15 ∘C iïä�ðJåéJ%É¾¥7�

• ñ[(ÝeSÈÅ(KL¹C��iÈòóô

• [õì��íçiö÷|øù9

úûü·»åéØh
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R9H5t

• π+-/e+-~100, n/γ~8 ⇒ Ùüý e+-Pγij¥þÄÅπ+-PnÒÿ

• aî.§ý¿lmn234ilmÔ\ñ ∝þÿ"Ji γ!"¼�Ê(pLÒÿ

• #RLst\](pqbrÔ#²>õ�sti3JpqbrÔiRLstÒÿ

­ÄÅ

_L÷"6ü ijkpþÿ

"J6ü

∝lmnJ"4Ô\ñ

pqbrÔ

\ñ6ü

!" –#$%&'()*
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 n

• Ì$�

• PID

• "P÷JPø·6!

• $%&

�¡

%ß

• &78PÀ78

ηOL)*

TU)*

QRL)*

U)KVÃ

pixel

LGAD

EMC

½Lüý nùÕÄ_L23

+/[Ã�

pL3J '''

KPpi^HM

'''

`È¹

ghi

o()

o()

o()

�)

!" –#$%&'()*
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R9H5t

• *pijk�5(�t�J(50Gy)ÌP�`¯i+ijkr�Êwäb�P,Z

• *pSTF101iÌ�20Gy���Ô£�&�Å1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80·J-Ç

• >\ijkZF2}3ADRIANO2 .§(b�~i��tÓ"aVÃ.�i/3M

• 0>SCHOTT12SF6b�ijki4000Gy�t�J�t�i¬33ÔÓÜÝ

• ��45SPbF2{n6J /�[Ô�!���

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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R9H5t

• *pijk�5(�t�J(50Gy)ÌP�`¯i+ijkr�Êwäb�P,Z

• *pSTF101iÌ�20Gy���Ô£�&�Å1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80·J-Ç

• >\ijkZF2}3ADRIANO2 .§(b�~i��tÓ"aVÃ.�i/3M

• 0>SCHOTT12SF6b�ijki4000Gy�t�J�t�i¬33ÔÓÜÝ

• ��45SPbF2{n6J /�[Ô�!���

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


+,'u
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• rH>(Ce)*¬`(?���i�rH>(Ê)*¬`��

!" –#$%&'()*
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Back-up
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• 1995

• 2012

• 1990

• 1988

• 1984

• 1980

• 1979

• 1976

• 1969

• 1965

• 1957

!" –#$%&'()*



no{,9|:;

58

• 01�8CPU;«

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• }�NR/I!NR ~ 0.3

• 1V�¯©i12V�e*

•  (jkCPUU©S0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUú@�¡S10A®/100CPUU * 1.e5 U = 1£®

• .§GPUJ6CPU ~ 1/3

• EF0¡ú�B ~1/2

• J"4�8"J>50MeVC�/|ÐDE

• ⇒©�e*ú@�¡|FA®JH
!" –#$%&'()*
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• MRPCiÕGCEE ETOF

• HI)KJ²i μ+-÷J%ÉJÅi+π+-ÄÅ�©Ãò

• KLCÙHI��ÂÈ!ê(μ+- / π+-üýcdÂ

• ;«6!S��ps

• ø·6!S�cm WlÞpitchPo$Wl;«-i�014:,x

• MÙ¥ù�ì�r!÷Jμ+-i¾ü·>nù

• cÿ~11 m2 ;<~500A

!" –#$%&'()*

ÚNPOP
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• BRinglF(spill(;«9W

• QR�oSèé(i1V�»1V�(��S&|10~30kHzT«i���T«(MN

±²

• BRingUl}VeV(W¥¢2usiX�3s(Ul}9i �1.5e6Yi1e11ppp(

NRi}�eYZ6.7e4VåLi=0[\)Ç±¥i�)r;«9Wijk78
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• Ê^äqåtMCS56ÆÇS

• g0¡2�l/2(01(åtù�θ0

• ]0¡2�l/2(01I$θ0(ù�x^(_&1/R = θ0 /(l/2)

• I�`lMCS÷J6!&ÆÇ

• ae56ÆÇë�eV¥-=¡i�?bc¯d>hit,-�MCSVxÆÇ¥

ò"

• hit,-56ÆÇS

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEEPSTAR��.§1h»789:ÑÒVz

CEE box TPC

STAR TPC

DEFGH�R���
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• �åLæç

• 1MHz

• ~100 track

• 6 hits / track

• ηOL)*

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• MeiÒ01234GHLëfg�8�io+,©�&�CEE|äeVJH
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• ;<

• 400®/cm^2 (KL100 + FPCBõL×100 + Æh9W"200~+ 1200A&�²

§ + 300Aij²

•  cÿ28000 cm^2 ⇒ 400 * 28000 = 1100A

• k5SI[X25cmâ0i30cm2iI[Xcÿ 3.14*25*2*30 = 4700

cm^2i5Xi cÿ 4700*6/2 = 14000 cm^2

• n$S30cmâ0i5Xi3.14*30*30*5 = 14000 cm^2

•  ;<1100A + 1200A + 300A = 2600A



LGADIJKLFGH

65

• ;<

• LGAD£v4}!"@-qõL@i2}Zl~cÿS 900A

• ASIC }TSMCKLirw7mÓ~S 600A

• 7�D¶}n¶o"~S 400A

• õL×WlpS500A

• !Ä�¤}q/UV7�CrÛ!Ä~S300A

• ÅÄ�¤S100A

• æè�¤S300A

• õs"S200A
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• HADES EMC

• "J6!& ~6% @ 1GeVi~25% @ 50MeV

• ;«6!~215ps }0.8 GeVõL~

• Hb;«~0.5 μs

• RLstpqbrÔ\ñÅ>õLstirt>ÄÅpLP πÒÿ

• ;<S~<1000A
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• b¥STCF�&

• "J6!& ~2% @ 1GeVi~7% @ 50MeV

• ;«6!

• HbnS~150ps @ 1GeViò��~1ns

• Hb�S600ps @ 1GeViò���Vns

• Hb;«~1 μs

• ;<S5800A} θ=10-100�~/ 4000A} θ=10-60�~
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• NICA-MPDJ"4i>Suv"¨�&°]\

• 0.3mmi + 1.5mm�l}i�t2�0.56cm~

• "J6!&~6%@1GeVi~20%@50MeV}1hy¡~

• w�%/|25MeV

• ;«6!~100ps @ 1GeVi~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)D;«~50ns

• xr�ry[(õL×Hb;«Â

• ;<~<1FA

• MPD ECAL 4.5mz0i6m2i{eW;<~3FA
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• |CsI{n

• ÔÂ};«S6ns / 35ns&~H6

• Ô\ñS2.3 / 5.6% NaI

• �~800�{niU�220cmi�$c6.5cm�6.5cm

• U�{n4LAPDWl

• "J6!& ~3% @ 1GeV

• ;«6!Ý>1nsi%|100MHz$%&�ì6wä$%

• ��tÓS100kradE�Ó"ÃÈi1012pL/cm2�t�Ô\ñ�Å0-20%

• pb¥PP)@"}STCF EMC�&~

• ;<S5800A} θ=10-100�~/ 4000A} θ=10-60�~
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• ß0.2GeV/c÷J�Ziºr±Ý(e / πüý"¸

• πÄÅeVJHÉë
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• õL×�l���=%2\1000ns

• ��100MHz$%&

• U$%4Vôõ_L+4pL%"st

• UV{n�ÿ$%-&~1

• %§�=_�P8Be*$%�ÿ

• ÂÃoÔL�ù±¥i{n)*��6!

kQ

���
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• õå�t�J

• 100MHz$%&iUV$%1.8GeV"Jieâ"J��þÿ|nù40cmâ0i

25cm�({n�iïeV�(�t�JÙ

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

• pL�t�JS

• 100MHz$%&iUV$%4VpLieâ��t³nù40cmâ0{niïeV

�( pL�JJÙ

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

• �mu2e��3M.§�J(900 GyP 9e11 n / cm^2)|eVJH

• %É��150�C!������t��

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPCiÕGCEE ETOF

• WlÞpitch 25mm�o$Wl;«-45�WlÞZ³ø·��S100ps*c=30mm 

• IV:��%45cmJH(ø·6!&i���ps(;«6!,Bi%É�01

^94:,xiÄÅRLstÒÿ

• cÿS3.14*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

• ;<SCEE ETOF 8m^2i 350A ⇒ 11 m^2, 500A
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ì¼~20∘C

íç

ì¼~5∘C

íç

íç

î�



Beam dump
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模拟设置

76

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

80• �¥56etaÂÃ¿&'jkõL & / ½L
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• Å÷J�üý½LP!ê®�pi+-i��g ⇒%"ëjkúûnù10-60��õ

• %É��EMC+�(��iD¯em÷JÉë(½L^9üý

• %�iD¯25cm CsI + 20cm�i%ÉDE0.6GeV/cÉë½Lipi+-®�|7���

• D¯25cm CsI + 40cm�i%ÉDE0.8GeV/cÉë½Lipi+-®�|30���

• jk9B��)*etaPÒÿ\ñPÂÃ ÷×^978idmI¡���

etaÂÃ(pi+-6ü

PGÙÂÃ½L6ü

OP

ÚN
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¢0P

• ��5�£MHz($%&ijkÔÂ};«~nsJH

• ¤O��|CsIi�[¥B(SiPMiëx6ns&H6uv ~3V$ß�ÿi%ÉÌ$

• "J6!&~2.3%@1GeVi ;<¢1£ib¥STCFu|^9VÃ�&

• BaF2&H6ÔÂ};«0.9nsi+ÇCsI¦2-3� ⇒ ~2£J"4;<i%"§¦�
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• �REDTOP(CTOFÕG

• çù¨OKiDE©t&1.02

• ër_Lbeta > 1/1.02 = 0.98iZ)�lpqbrÔ

• e: p > 2.5 MeV ⇒��@rõL%�

• pi: p > 685 MeV ⇒®��¥56RLiÈ!÷Je piüýª«õ�J"4

• ë23rapqbrÔiwH'

• °CH¬CP¤e(7�Sz­P®¯PSiPMWl

• ajH'�¤Paj!��(}c ⇒ÅHÒPÅð°

• REDTOP CTOF;<}I±²³Ò~S0.6 M USD ⇒ 400A®

ÚN

• �´jki¯d>TOF»EMC"´|

µV÷J�õ¶ÌõLüý

• TOFSe / pi üý@ p<0.3 GeV/c

• EMC: ?
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