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HIAF+HIAF-U

• 89:;9.3GeV/u<=>?@

• ηA>BCDEF>BC

• HIAF(HIAF-U)G<2.45 GeV/u (<9.1 GeV/u)<U?

• HIDIB=JKLDMNOP

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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• Q:RSK/πTU?

• ηDEF>DHI
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• V>BCWXYZ[\]^_`4abHcdeWXYZ<fBC

• e.g.gh>i=;

C. Gatto
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• V>BCWXYZ[\]^_`4abHcdeWXYZ<fBC

• e.g.jklmB=nop

C. Gatto
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• V>BCWXYZ[\]^_`4abHcdeWXYZ<fBC

• e.g.qB=

C. Gatto
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• V>BCWXYZ[\]^_`4abHcdeWXYZ<fBC

• Q:rs]tusectorvqB=V>4wx!yz%uportalvV>{WXYZV>

i|h}<~�

portals

C. Gatto
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• V>BCWXYZ[\]^_`4abHcdeWXYZ<fBC

• ��WXYZ��<HiggsV>4LHC<9:;e����i����fV>/fBC

• 9��e��;4����fBC<(b��4�μ>m���g-2DW=;

C. Gatto
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• sqB=V>��g4��<)=;}J���V>(WIMP, GeV~100TeV)Q:r

s<�� ¡n¢£��¤�

• EqB=V>(MeV~GeV)de��¥¦§¨4�(b<����O©

• F@ª«¬­®���EqB=V><i¯°±
!" –#$%&'()*

η,-./

C. Gatto
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η,-./
• ηD η’²Higgs�³´µi<3¶·¸;>�V>

• Q = I = J = S = B = L = 0

• ⇒WXYZ¹º£»¼

• ⇒fBC<½¾¿À)

• η / η’ ¹ºQÁ�Â��Ã¶ÄÅqB=ÆÇ<

yz(portal)V>4ÁÈÉ�,ÊopË

qÌ>

η → γA’

A’ → μ+μ- / e+e-

ÍÎ>

η → ππa

a → γγ / μ+μ- / e+e-

qHiggsV>

η → π0H

H→ π+π- / μ+μ- / e+e-
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η,-./
• ηD η’²Higgs�³´µi<3¶·¸;>�V>

• Q = I = J = S = B = L = 0

• ⇒WXYZ¹º£»¼

• ⇒fBC<½¾¿À)

• η / η’ ¹ºQÁ�Â��Ã¶ÄÅqB=ÆÇ<

yz(portal)V>4ÁÈÉ�,ÊopË

��f<CPnopË

η→π0π+π-

对称展⽰宇宙之美
不对称⽣成宇宙之实
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01-./

• HIAF�ÏEF>BCÐÑÒÓ�ÔÕ<?@Ö×

X(3872)

ØÙÚN $ÙÚN

? ? ? ?
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• wxnÛ:;<(Ü>ÝÞ4:ßàIB=Jáâ<nÛãä

• ��Cå��<]UJº²\Çæ
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2.3456
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• wxnÛ:;<(Ü>ÝÞ4:ßàIB=Jáâ<nÛãä

• ��Cå��<]UJº²\Çæ

!" –#$%&'()*

HIAF
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• wxnÛ:;<(Ü>ÝÞ4:ßàIB=Jáâ<nÛãä

• ��Cå��<]UJº²\Çæ

!" –#$%&'()*

HIAF

HIAF & HIAF U
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• 9çIB=MNOP

• ⇒ g>èKL²Ë=

!" –#$%&'()*
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• HIË=DuÃéêvHI<��

• ⇒H>-I>DH>-H>J���

• ⇒g>èKL²Ë=

!" –#$%&'()*

HIAF & HIAF-U
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• ëìV>íî;50MeV-500MeV

• γ:;50MeV-1GeV

• )Oïðñò(θ:10º~100º, φ:0~2π)

• ñò(Ü>ÝÞ<góô�ã

• e+-, γ, π+-, K+-, p, d, t, He3, He4 V>õö

• π+-/e+-~100, n/γ~8 ⇒ Ïõö e+-Dγ4a)÷»¼π+-DγÊø

• 9ï®½ù4»¼HIú¹ºV>Êø

• ûHÛ:ã�i��<üýþ
18!" –#$%&'()*
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ÿ!"�#(0.8T) ì�;:¬

?@
~30cm

~60cm

$

~100cm

pixel%&'�¬

LGAD()*¡'�¬
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• +,-.~100μm

• /�|0(~30cm)<%&1�2Q34§Õ<î;½ùG 4-6%u0.8T�5v

• �6(6¹º7æ4»¼HIúÊø

• :;D*¡89c

• wx*¡ã½nÛÝÞüýGΔt ~10ns (1/100MHz)

• dE/dx�:ã½nÛEIì;Z

• <pixel=*¡~10μs

• 2/üýþ9>100MHz4?üý4Ö%&@AB4Ci�µ~10-3

!" –#$%&'()*
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• +,-.~100μm

• /�|0(~30cm)<%&1�2Q34§Õ<î;½ùG 4-6%u0.8T�5v

• �6(6¹º7æ4»¼HIúÊø

• :;D*¡89c

• wx*¡ã½nÛÝÞüýGΔt ~10ns (1/100MHz)

• dE/dx�:ã½nÛEIì;Z

• <pixel=*¡~10μs

• 2/üýþ9>100MHz4?üý4Ö%&@AB4Ci�µ~10-3
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• 8DE�;FG*¡4HEDIò�;4>*¡

• Δt~30ps

• :|ÕJõöKLMiNbëìV>

• 9î;e / πõö�ì�;:¬OP

!" –#$%&'()*
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• REDTOP��tÐ�<ADRIANO2Qì�;:¬

• RST+UVW89c ⇒|Õ< e+- vs. π+-Dγ vs. n õö:¯

• RSTGXY*ZÌ4µoì�[\]^

• UVWGoì�²F>[\Û*]^

• ΔE/E~3% @1GeV

• Δt~200ps4�:ã½nÛüý<_`

• 7Z*¡uYa=*¡v~ μs

• 100MHzüýþb?üý4Ö%&*4Ci� < 10%
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• )c½'�¬c×DdeQÁfghijbk

• RSTl4<i\m;Ån�o¥uTF101GÅl20GyijpÌ�qþr¼1%v

• Ð�hijÀÕ<RST / PbF2sWtu /vHÌw9xyz
!" –#$%&'()*

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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• (Ü>ÝÞ

• 1MHz

• ~100 track

• 7 hits / track

• 1M*100*6 = 700M hits / s

• ηA>BC

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• f{|�}ë~ak{CEEsÛ]�;U

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

!" –#$%&'()*
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• 1.8 GeV p + 7Li

• 100MHzüýþ4]��4��@F/��@F = 30%

• �RS6 b 1011�η
!" –#$%&'()*



𝛈,-./XY-ZHiggs\]
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• 1.8 GeV p + 7Li

• 100MHzüýþ4]��4��@F/��@F = 30%

• �RS6 b 1011�η
!" –#$%&'()*
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28

• 1.8 GeV p + 7Li

• 100MHzüýþ4]��4��@F/��@F = 30%

• Δc ~ 5 b 10-5

• ¿COSY²KLOE-II�iK��6~2�;U

!" –#$%&'()*
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• K"μm<ï®½ù:¯

⇒KL�Êø<HIú}¹ºV>(6

!" –#$%&'()*
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子系统 预算（万元）

Target 50

pixel tracker 1400 + 1200(研发)

LGAD TOF 3300

EMC 4500

Solenoid 600

Supporting structure 100

DAQ 1600

Total 11550 + 1200(研发)

!" –#$%&'()*
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1. !"GeV#$ GeV-Energy Spectrometer at Huizhou (GESH)

2. HIAF GeV#$ GeV-Energy Spectrometer at HIAF (GESH)

3. %&'(#$ China Hyperon-Nuclei Spectrometer (CHNS)

4. GeV)*#$ GeV-Energy Silicon Tracker (GEST) 

a notable deed or exploit; a tale of adventure or romance

5. +,GeV#$ Compact GeV-energy Spectrometer (CGS)   

6. !"-.#$ Huizhou High Energy Spectrometer (HHES)
���

• ��ÀÃ��

• ����t�å��



efgh - REDTOP

32

• 82-152 M USD45.6 – 10��

• �:��ª«¬���D��¾���

• üýþ500MHz vs.  HIAF9:�I{| > 100MHz

• �dE/dx�;4��fgJKLDHIÐÑak

• ì�+F>;:¬

!" –#$%&'()*



efgh - CBM

33

• 55M��44��

• ��2028567

• ñò:;2.5-11 AGeV4{HIAF + HIAF-U (0.8-9.1 AGeV)Ån

• üýþ<10MHz  vs.  HIAF9:�I{| > 1MHz

• �ì�;:¬u γ�;vD�À9<=> $üýþ
!" –#$%&'()*
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• ?�¡#�¢£4s!�¤uQ:ab¥¦§*¡v

• EF>BCDηA>BCs!8¢¤

• ��ª¨~

ijk



36

©W

• Åª�

• PID

• :Dî;Dï®½ù

• üýþ

�«

¬×

• ôY­D·Y­

etaA>BC

HIBC

EF>BC

IB=Jº

pixel

LGAD

EMC

®>õö eðÍ¯V>'�

+0P°~

g>�; ���

KDpiTU?

���

o±$

ijk



l5
• ²³Ò´sHIAF9:�I6µ]�ÿ!"{|4±i

• :;*¡89c·¶%&'�¬

• ~100μm+,-.

• ·¸-. ⇒µ¹Qº

• HIBC~0Êø

• XY*Z-UVÌ89cì�;:¬

• e+- vs. π+- & γ vs. nV>õö:¯F

• o9üýþ

• =>?@G>100MHz

• (Ü>?@G>MHz

• BC»WG

• =>?@GηA>BCDEF>BC

• (Ü>?@GHIDJKLDIB=MNOP
!" –#$%&'()*

• ©µ¹~>1�

• ±i{CBM+REDTOP

Jd<Ë:²¼¯

37



P.S. I: m./nopqrst?
• STAR –U½255

)Ål�

%&'�

ì�;

:¬

()*¡

'�¬

®>'

�¬

DE TPC

¾U

e©%&'�¬

+;:¬
+ + + + +

QGP<��

²Ë=

=>

¿À
mB=

Jº&

\Çæ

HÁÂÝÞ

uÌSB=v
+ + + +

7æ'

�¬
+
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Ã>I

ÄM
+



P.S. I: m./nopqrst?
• STAR –U½255

)Ål�

%&'�

ì�;

:¬

()*¡

'�¬

®>'

�¬

DE TPC

¾U

e©%&'�¬

+;:¬
+ + + + +

QGP<��

²Ë=

=>

¿À
mB=

Jº&

\Çæ

HÁÂÝÞ

uÌSB=v
+ + + +

• iÅ�7Æ<<]BC»W<Çy��4�i7Æ<ÃBC»W��

• ÈÉ<ÊËDY­D�åDÌ×Ð�

• ��ÀÃ<��

• �Ï¡]�ÇyÏHIAF9:�IÊË<V>/IBC��4QÁi0Í<BC»W

• ��pÎÀÏÐ<ÐÑ��Ñ^»W6���ÒÓ4¥�åÔc�Õ

7æ'

�¬
+

39

Ã>I
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+



P.S. II: uvwuv
®>'�¬GÖe + MRPC?

• ηA>BC×ª>2Ø¹ºÙ

g>ÚGÛUÜ

• EF>BC

• 0P°~

Í¯V>'�¬?

• Í¯HI

• 0P°~

• ��f��+ÝÞ !! J

o±?@D$?

• ¿ÀBC

ÛN$?

• ß$G 3HeWà<ηA>BC

• á$GEF>D0P°~

40

π & K A>?@?

• ηA>BCÐÑÀâã

• EF>& HI



Back-up

41



Back-up

42
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43

• %&(6CPU*¡

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• ��@F/89@F ~ 0.3

• 1����412���C

• ©<abCPUI�G0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUäå�«G10æ�/100CPUI * 1.e5 I = 1��

• /�GPUutCPU ~ 1/3

• çÂ�«ä�è ~1/2

• ;:¬(6:;>50MeVé�/s!êë

• ⇒�}�Cäå�«sìæ�;U
!" –#$%&'()*
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• MRPC4ÍíCEE ETOF

• îïB=ð¨4 μ+-î;QÁð¼4ñπ+-»¼��ºò

• óô�ÏîïdeÜÀ9õ<μ+- / π+-õö+öÜ

• *¡½ùGK"ps

• ï®½ùGKcm 9cÖpitchD8I9c*¡÷4{%&4øùo

• úÏ)ð�ã�i9î;μ+-4µû®:eð

• [ü~11 m2 µ¹~500æ

!" –#$%&'()*

ýþDÿ!
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• BRingcÂ<spill<*¡KL

• "#�8$ßà<41��²1��<(z$þs10~30kHz%¡4�{�%¡<?@

§¨

• BRing&c�']�¢Î)(2us4)j3s<&c�74©�1.5e6*41e11ppp<

@F4��]*+6.7e4�Ü>4,�-.¤¿§)4�¤i*¡KL4abY­
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• ÃT/Y0\MCSc½ÝÞG

• 1�«1�l/2<%&<0\ð�θ0

• ¥�«1�l/2<%&2Iθ0<ð�o3<4þ1/R = θ0 /(l/2)

• 8p5cMCSî;½ùþÝÞ

• 6]c½ÝÞ7�]�)8,«4�9@A��:hit:÷{MCSJoÝÞ)

òú

• hit:÷c½ÝÞG

An Introduction to Charged Particles Tracking
 – Francesco Ragusa



BCDEF�P���
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• CEE 1-box TPC{Y­K�(pion)¿§

Dhananjaya
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• STAR TPC 0.5T�5BK�4{�;<=<¿§

Nuclear Instruments and Methods in Physics 
Research A 499 (2003) 659–678 



TU�
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• (Ü>ÝÞ

• 1MHz

• ~100 track

• 6 hits / track

• ηA>BC

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• ú>4¶%&'�¬?7@âAB(6p4f{|�}þ{CEEsÛ]�;U
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• µ¹

• 400�/cm^2 (C@100 + FPCBì>D100 + ¾EKLú200v+ 1200æÐ��

� + 300æFG�

• ©[ü28000 cm^2 ⇒ 400 * 28000 = 1100æ

• HcG8HE25cmI%430cm148HE[ü 3.14*25*2*30 = 4700

cm^245E4©[ü 4700*6/2 = 14000 cm^2

• eIG30cmI%45E43.14*30*30*5 = 14000 cm^2

• ©µ¹1100æ + 1200æ + 300æ = 2600æ
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• µ¹

• LGAD�^¬u9:M-hì>M42�OJv[üG 900æ

• ASIC uTSMCC@4in6�ËvG 600æ

• Yat­uK­LúvG 400æ

• ì>D9cMG500æ

• 9»��uN.?�Ya<OÓ9»vG300æ

• ¼»��G100æ

• PQ��G300æ

• ìRúG200æ
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• HADES EMC

• :;½ùþ ~6% @ 1GeV4~25% @ 50MeV

• *¡½ù~215ps u0.8 GeVì>v

• 7Z*¡~0.5 μs

• F>[\XY*ZÌRS¼:ì>[\4iT:»¼g>D πÊø

• µ¹G~<1000æ
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• *)STCF�Ð

• :;½ùþ ~2% @ 1GeV4~7% @ 50MeV

• *¡½ù

• 7ZeG~150ps @ 1GeV4ò_`~1ns

• 7ZpG600ps @ 1GeV4ò_`K�ns

• 7Z*¡~1 μs

• µ¹G5800æu θ=10-100�v/ 4000æu θ=10-60�v
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• NICA-MPD;:¬4&DUVú�{Ð¦SR

• 0.3mmR + 1.5mmÖUuRi\1�0.56cmv

• :;½ùþ~6%@1GeV4~20%@50MeVuWQX«v

• Y�Q.s25MeV

• *¡½ù~100ps @ 1GeV4~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)=*¡~50ns

• Zi�i[H<ì>D7Z*¡Ü

• µ¹~<1ìæ

• MPD ECAL 4.5m\%46m14¡]Îµ¹~3ìæ



�CsINOP"F

55

• ]CsIsW

• Ì¹^*¡G6ns / 35nsô_7½

• ÌRSG2.3 / 5.6% NaI

• �~800asW4?a120cm4`I[6.5cmb6.5cm

• ?asW4@APD9c

• :;½ùþ ~3% @ 1GeV

• *¡½ùÕ:1ns4Qs100MHzüýþBã½nÛüý

• ai\ËG100kradçbË:º±41012g>/cm2i\pÌRSr¼0-20%

• g*)DnBMúuSTCF EMC�Ðv

• µ¹G5800æu θ=10-100�v/ 4000æu θ=10-60�v



�CsINOP"F
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• c0.2GeV/cî;dG4±i§Õ<e / πõö:¯

• π»¼]�;UÁâ



�CsINOP"F
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• ì>Dqc_`eÄQ1>1000ns

• ÊË100MHzüýþ

• ?üý4�ëìV>+4g>Q:[\

• ?�sWfüüý8þ~1

• Q�eÄghD­i�Cüýfü

• ¹º8Ì>jð§)4sW-.fg½ù

bk

klm
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• ìÜi\m;

• 100MHzüýþ4?�üý1.8GeV:;4]I:;�noüseð40cmI%4

25cmp<sWq4r]��<i\m;Ï

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

• g>i\m;G

• 100MHzüýþ4?�üý4�g>4]I�n\©eð40cmI%sW4r]�

�<©g>w;;Ï

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

• {mu2e���s/�m;(900 GyD 9e11 n / cm^2)s]�;U

• QÁwx150tC9xuvw�i\xy

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPC4ÍíCEE ETOF

• 9cÖpitch 25mmz8I9c*¡÷34�9cÖO©ï®_{G100ps*c=30mm 

• 2�ø��Q34cm;U<ï®½ùþ4{K"ps<*¡½ùùi4QÁ{%&

|)4øùo4»¼F>[\Êø

• [üG3.14*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

• µ¹GCEE ETOF 8m^24 350æ ⇒ 11 m^2, 500æ



Beam dump
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Back-up
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e & muon

62• })c½eta¹ºÙÐÑabì> & / ®>



z-��

63

• ¼î;Bõö®>D9õ¤�pi+-4|~_ ⇒Q:7abñòeð10-60���

• QÁ¦�EMC+#<p�4ê�]�î;Áâ<®>|)õö

• ý�4ê�25cm CsI + 20cm#4QÁêë0.6GeV/cÁâ®>4pi+-¤�s7Ø��

• ê�25cm CsI + 40cm#4QÁêë0.8GeV/cÁâ®>4pi+-¤�s30Ø��

• abKiÉ�BCetaDÊøRSD¹º�îD|)Y­4��8�#p�

eta¹º<pi+-½û

níÏ¹º®>½û

ÿ!

ýþ
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��!

• ÊË4K�MHz<üýþ4abÌ¹^*¡~ns;U

• ��ÊË]CsI4vH�è<SiPM47o6nsô7½]^ ~3�ü×fü4QÁÅª

• :;½ùþ~2.3%@1GeV4©µ¹(1�4*)STCFls|)J°�Ð

• BaF2ô7½Ì¹^*¡0.9ns4ñ¿CsI�2-3Ø ⇒ ~2�;:¬µ¹4Q:���
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• {REDTOP<CTOFÍí

• ���A=4êë�\þ1.02

• 7iV>beta > 1/1.02 = 0.984+¤�cXY*ZÌ

• e: p > 2.5 MeV ⇒KLMiì>Qb

• pi: p > 685 MeV ⇒¤�})c½F>4À9î;e piõö��ì�;:¬

• 7'�i�XY*ZÌ4n7+

• ¦�7�<D�]<YaGq�D��DSiPM9c

• �a7+��D�a9��<�[ ⇒¼7ÊD¼��

• REDTOP CTOFµ¹u8���ÊvG0.6 M USD ⇒ 400æ�

ýþ

• ��ab4��:TOF²EMC:�s

§�î;���Åì>õö

• TOFGe / pi õö@ p<0.3 GeV/c

• EMC: ?
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