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Huizhou, Guangdong

To be finished with construction in 2025

HIAF
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HIAF & HIAF-U

• HIAF can provide high-intensity proton beam up to 9.3GeV

• η meson physics, light hadron physics…

• HIAF / HIAF-U can provide high-intensity U beam with energy up to 2.45 / 9.1 GeV/u 

• nuclear matter phase structure, equation of state & hypernucleus researches…

Ek (GeV/u) √sNN (GeV)

HIAF 
U beam

<2.45 <2.85

HIAF-U 
U beam

<9.1 <4.54

HIAF 
p beam

<9.3 <4.58

He Zhao

Monday Aug. 5

Hao Qiu - IMP, CAS



η meson physics
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• The standard model of particle physics confronts several problems, calling for new 

physics beyond the current standard model

• High-luminosity / high-precision is an important frontier for the discovery of new 

physics

• e.g. abnormal magnet moment of μ (g-2), W mass

Hao Qiu - IMP, CAS



η meson physics
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• In the search for dark matter particles, the parameter space for traditional WIMP 

(GeV~100TeV) is gradually being excluded by experiments

• Light dark matter particles (MeV~GeV) are currented less constrained by experiments

• High-intensity accelerators are powerful tools for light dark matter particle search

Hao Qiu - IMP, CAS



η meson physics
• η / η’ & Higgs are the only known particles with 

all-zero quantum numbers 

• Q = I = J = S = B = L = 0

• ⇒ Standard-model decays are suppressed

• ⇒ BR with new physics are relatively enhanced

dark photon

η→γA’

A’→μ+μ- / e+e-

axion(-like particle)

η→ππa

a→γγ / μ+μ- / e+e-

dark Higgs

η→π0H

H→μ+μ- / e+e-

CP invariance

η→π0π+π-
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• η / η’ decays can be used to explore various portals to the dark sector and 

fundamental symmetries 



Light hadron physics

• HIAF provides beam with good energy range and luminosity for light hadron physics

studies

Hao Qiu - IMP, CAS 7



Nuclear matter phase structure
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• The nuclear matter phase diagram can be scanned by heavy ion collisions at 

different energies. 

• The 1st order phase transition and the critical point can be searched.

HIAF & HIAF U

Hao Qiu - IMP, CAS



Nuclear matter equation of state
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• nuclear matter equation of state 

• ⇒ structure and properties of neutron stars

Hao Qiu - IMP, CAS



Hypernuclei
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• hypernucleus properties & discovery of new (multi-strange) hypernuclei

• ⇒ hyperon-nucleon & hyperon-hyperon interactions 

• ⇒ structure and properties of neutron stars

HIAF & HIAF-U

Aiqiang Guo

Thursday Aug. 8

Hao Qiu - IMP, CAS



Spectrometer requirements

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

• π+-/e+-~100, n/γ~8 ⇒ important to identify e+- over π+- & γ over n backgrounds

• Charged particles transverse momentum: 50MeV-500MeV

• γ energy: 50MeV-1GeV

• Large acceptance (θ:10º~100º, φ:0~2π)

• cover center-of-mass rapidity for heavy-ion collisions

• Precise vertex reconstruction ⇒ reducing hypernucleus background 

• High event rate, far beyond existing experiments at similar energy ranges
11Hao Qiu - IMP, CAS



Conceptual design
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magnet (0.8T) EM calorimeter

beam

pixel tracker

LGAD TOF

~30cm
~60cm

target

~100cm



Pixel tracker
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• ~100μm pixel size

• acceptable momentum resolution even with short track length

• good vertex resolution for decay particle reconstruction

• Energy & time dual readout 

• Distinguish hits from different events by time: Δt <10ns (1/100MHz)

• dE/dx to identify light nuclei with different Z

• Single pixel dead time ~1μs (1/1MHz)

• occupancy~10-4 even with 100MHz event rate!4 tracks/event
Hao Qiu - IMP, CAS



LGAD TOF
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• Inner barrel (start time) + outer barrel & end cap (end time)

• Δt~30ps

• Good particle identification

• e / π separation at high momentum to be complemented by EMC

Hao Qiu - IMP, CAS
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• “ADRIANO2” type of calorimeter developed by the REDTOP collaboration

• Pb glass + scintillator dual-readout ⇒ very good e+- vs. π+- & γ vs. n PID

• Pb glass: Cherenkov light, signal only for EM showers

• scintillator: signal for both EM and hadronic showers 

• ΔE/E~3% @1GeV

• Δt~200ps to distinguish signals from different events

• shaping time (module dead time) < μs

• ⇒ occupancy < 10% even with 100MHz event rate!4 tracks/event

Dual-readout calorimeter

Hao Qiu - IMP, CAS



Radiation hardness

• Most detector components can sustain the radiation

• Lead glass will receive a dose that is close to its limit (TF101: 1% transmittance 

loss after a radiation dose of 20 Gy) 
16

500 MeV U+U 2 GeV p+Li

simulation with FLUKA reference radiation hardness

Dose (Gy) Si1MeV fluence 
(neq/cm2) 

detector/material Dose (Gy) Si1MeV fluence 
(neq/cm2) 

innermost Si 3000 3×1012
pixel 2×104 1.7×1013

LGAD 1×1015

innermost 
EMC 50 3×1011

lead glass 20

SiPM 1×1014



Data rate
• Heavy ion physics:

• 1MHz

• ~100 track

• 7 hits / track

• 1M*100*6 = 700M hits / s

• η meson physics:

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• Data rate on the same order of magnitude as CEE

• CEE for reference:

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

17Hao Qiu - IMP, CAS
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• 1.8 GeV p + 7Li

• 1 month running at 100MHz, average / peak beam intensity = 30%

• 6 ! 1011 η produced  

Dark photon & dark higgs search

dark photon search dark higgs search

Hao Qiu - IMP, CAS
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C & CP violation

• 1.8 GeV p + 7Li

• 1 month running at 100MHz, average / peak beam intensity = 30% 

• Δc ~ 5! 10-5

• ~2 orders of magnitude smaller than COSY and KLOE-II results

Hao Qiu - IMP, CAS



Name of the spectrometer
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• China HyperNuclei Spectrometer (CHNS)

• Solenoidal Silicon Spectrometer (SSS)

• GeV-Energy Silicon Tracker (GEST)

• Silicon Tracker At Huizhou (STAH)

• … more ideas welcome

Hao Qiu - IMP, CAS



Summary
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• We propose to build a solenoidal spectrometer at HIAF, with

• energy-time dual-readout all-pixel tracking

• ~100μm pixel size

• compact spectrometer ⇒ low cost

• ~0 background for hypernuclei

• Cherenkov-scintillation dual-readout calorimeter

• good e+- vs. π+- & γ vs. n PID

• ultra-high event rate

• >100MHz for proton beam

• >MHz for heavy-ion collisions

• Potential physics:

• η meson ⇒ beyond standard model, light hadron

• nuclear matter phase structure, equation of state, hypernuclei

Hao Qiu - IMP, CAS



P.S. I: versatile, too good to be true?
• STAR – glowing for 25 years

good tracking with 

large acceptance

EM 

calorimeter
TOF

muon

detector

inner 

TPC

forward tracking 

& calorimeter
+ + + + +

discovery & 

properties of QGP

proton 

spin
antimatter

phase transition

& critical point

ultra-peripheral 

collisions
+ + + +

• A specific experiment for one goal may work; a versatile experiment may also work

• Serious considerations, simulations, discussions & hardware R+D are needed

• ideas & contributions always welcome

• When considering HIAF’s 1st high-energy experiment, it does not hurt to be open-

minded at first – if some goals do conflict, we can discuss and give up some aspects

vertex

detector
+



P.S. II: future’s future
muon detector: plastic dead layer + MRPC?

• +2 times of decay channels for η meson physics

neutron wall: liquid scintillator?

• light hadron physics

• 3-body short-range correlation

projectile endoscope?

• projectile-like hypernuclei

• short-range correlation

• ideas & contributions always welcome

Thanks J

polarized beam & target?

• spin physics

liquid target?

• η meson physics with 3He tagging

• short-range correlation

23



Back-up
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Comparison - CBM
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• ~55M euro, ~400M yuan

• Planed to finish with construction in 2028

• μ mode operating alone

• Ek: 2.5-11 AGeV, close to HIAF + HIAF-U (0.8-9.1 AGeV)

• event rate <10MHz, our proposed spectrometer at HIAF >1MHz



Comparison - REDTOP
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• 82-152M USD, 560–1000M yuan

• In the stage of proposal

• Event rate 500MHz, our proposed spectrometer at HIAF >100MHz

• No dE/dx measurement, can not meet the requirements of nuclear matter phase 

structure and hypernuclei studies

• Calorimeter with Cherenkov light & scintillation light dual read out (EM + hadron)

• good e & γ PID (suppression of π & neutron background)

• can measure neutrons
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• MRPC, like CEE/STAR TOF

• With 25cm CsI + 30cm Fe stopping material, μ+- with p>0.7GeV/c can be chosen, 

π+- suppressed by 1 order of magnitude, other hadrons fully stopped

• Less stopping material, μ+- with lower p can be detected, but lower π+- suppression

• Read out strip pitch 25mm; 2-side readout provides position information along the 

strip: 100ps*c=30mm  ⇒ 2D cm-level position resolution 

• Time resolution ~70ps, 4D match to track

• Inside & outside the magnet yoke in the current design, can add more layers for 

different stopping material thicknesses

• Area ~11 m2 cost: 5M yuan

μ detector



• With a magnetic field of 0.8 T, momentum 

resolution of 4-7% for most particles

• Particles with pT as low as 50MeV can 

reach the outermost LGAD TOF layer, to 

ensure good efficiency at low pT

• dE/dx measurement precise enough to 

identify light nuclei with different Z 28

Pixel tracker
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• Various techniques under consideration, detailed simulation going on to choose 

the best technique

• Pb glass: low energy hadrons in hadronic showers do not generate Cherenkov 

light. So n & π backgrounds will be suppressed comparing with γ & e.

ΔE/E @
50MeV

ΔE/E @
1GeV

Δt (ps) Shaping 
time (ns)

reference cost
(M yuan)

Pb glass ~25%⇒ ~6%⇒ 215ps @ 0.8GeV ~500 HADES ~<10

Undoped CsI ~7% ~2% 600ps @ 1GeV⇒ ~1000 STCF ~58

Pb + plastic scint. ~20% ~6% ~100ps @ 1GeV ? NICA-MPD ~<10

ADRIANO2 ~22% ~5%⇒3% ⇒80ps ? REDTOP 167⇒

HADES EMC

HADES EMC

Calorimeter



• ADRIANO2: Cherenkov light & scintillation light dual read out for PID

• The 167M yuan cost include 40cm-thick EMC (high granularity) + 40cm-thick 

hadronic calorimeter (with stopping layers), EMC alone will be cheaper

• Sub-μs level module dead time (electronics shaping time) required, all the currently 

considered techniques should be OK

• Event rate >100MHz, ~10 modules hit / event (4p+4n), ~1000 modules

• Contributions from pile-up events can be obtained by fitting the signal shape

• The angle between 2 γ from π0 is usually large, no high requirement for granularity

• Radiation dose (both ionization and neutron) are being estimated with simulation

Calorimeter

ADRIANO
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• n/γ~8    π/e~100

• Whether the shower happens

• Pb glass radiation length 1.27cm, nuclear 

interaction length 24.5cm

• For 12 radiation lengths, the chance that a neutron 

does not interact ~54%

• Dimension and shape of the shower

• signal concentrated in 1 module vs. spread over 

many modules

γ-n & e-π identification



γ-n & e-π identification

HADES EMC

ADRIANO

reconstructed 

γ/n velocity

CsI

• Time of flight

• ~200ps time resolution will provide some γ-n separation

• However, time resolution usually get worse for lower signals

• GEANT simulation on-going to study γ-n & e-π separation for different techniques

• Electron E/p~1 (only appliable to e-π)

• Low energy hadrons in hadronic showers 

do not generate Cherenkov light:

• Pb glass: lower signal for hadrons

• ADRIANO2: dual read out

NICA-MPD EMC



Cost
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Sub-system cost (M Chinese yuan)

Target 0.5

pixel tracker 14 + 12 (R&D)

LGAD TOF 33

EMC (Pb glass) 10

MRPC MTD 5

Solenoid 6

Supporting structure 1

DAQ 16

Total 85.5 + 12 (R&D)

• In China, 100M yuan is an important threshold for scientific project budgets.

• Below 100M, there is chance for application every year.

• Above 100M, there is one chance every 5 years, and it’s much more difficult. 
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• Considering p & E resolution

• Background not considered yet (future work)

• Total reconstruction efficiency ~16%

• Assuming constant beam intensity

• ~6.4*1013 η with 1 month running

• 4 orders of magnitude more precise than COSY result

WASA@COSY

(Very preliminary) 𝛈→𝛑+ 𝛑− 𝛑𝟎 (𝛄𝛄) fast simulation
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• BRing"#$spill$%&'(

• )*+,-./$01123112$45-6710~30kHz8&02928&$:;

<=

• BRing>"?@A1BCDE2us0FG3s$>"?H0IJ1.5e6K01e11ppp$
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• ]^_`abMCScdefg

• hRijkl/2$lm$abnkθ0

• oRijkl/2$lmpqθ0$nkrs$t61/R = θ0 /(l/2)

• uvw"MCSxydz6ef

• {Acdef|+A1D}Qi0~������hit��9MCS�refD

��

• hit��cdefg

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEE 1-box TPC9[\'�(pion)V<

Dhananjaya
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• STAR TPC 0.5T���'�09����$V<

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

• 400�/cm^2 (��100 + FPCB�P�100 + ��'(�200�+ 1200����

� + 300� ¡�

• I¢£28000 cm^2 ⇒ 400 * 28000 = 1100�

• ¤cgu¥¦25cm§l030cmj0u¥¦¢£ 3.14*25*2*30 = 4700

cm^205¦0I¢£ 4700*6/2 = 14000 cm^2

• ¨qg30cm§l05¦03.14*30*30*5 = 14000 cm^2

• I��1100� + 1200� + 300� = 2600�
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• ��

• LGAD©ª«¬­®¯-°�P¯02?±²�¢£g 900�

• ASIC ¬TSMC��0X³´µ¶�g 600�

• [·¸¹¬º¹»��g 400�

• �P�¼"½g500�

• ­¾¿À¬ÁÂÃ1[·ÄÅÆ­¾�g300�

• Ç¾¿Àg100�

• ÈÉ¿Àg300�

• �Ê�g200�
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• HADES EMC

• ®ydz6 ~6% @ 1GeV0~25% @ 50MeV

• %&dz~215ps ¬0.8 GeV�P�

• ËÌ%&~0.5 μs

• LPÍbÎ`ÏÐÑÒÓÇ��PÍb0XÔ�¾ÇÕPÖ π×Ø

• ��g~<1000�



:CsI
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• ÏDSTCFÙ�

• ®ydz6 ~2% @ 1GeV0~7% @ 50MeV

• %&dz

• ËÌ¨g~150ps @ 1GeV0�ÚÛ~1ns

• ËÌvg600ps @ 1GeV0�ÚÛÜ1ns

• ËÌ%&~1 μs

• ��g5800�¬ θ=10-100k�/ 4000�¬ θ=10-60k�
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• NICA-MPDy®«0ÝÞßà�á9�âãÒ

• 0.3mmä + 1.5mmåæ¬äçbjk0.56cm�

• ®ydz6~6%@1GeV0~20%@50MeV¬èéêi�

• ëìíÂ725MeV

• %&dz~100ps @ 1GeV0~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)î%&~50ns

• ïXðXñ¥$�P�ËÌ%&ò

• ��~<1ó�

• MPD ECAL 4.5môl06mj0õAC��~3ó�
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• öCsI÷ø

• Ñùú%&g6ns / 35nsûüËd

• ÑÒÓg2.3 / 5.6% NaI

• J~800·÷ø0Ã·j20cm0ýq¢6.5cm!6.5cm

• Ã·÷ø4�APD¼"

• ®ydz6 ~3% @ 1GeV

• %&dzþ�1ns0í7100MHzÿ!6�"d³#ÿ!

• $çb¶g100krad%&¶®'(01012ÕP/cm2çbvÑÒÓ)Ç0-20%

• ÕÏDÖ*+¯�¬STCF EMCÙ��

• ��g5800�¬ θ=10-100k�/ 4000�¬ θ=10-60k�
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• ,0.2GeV/cxy-.0/X<þ$e / π01®2

• π¾ÇA1y345
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• �P�6"ÚÛ78íj91000ns

• :;100MHzÿ!6

• Ãÿ!41<�=P+4ÕPí®Íb

• Ã1÷ø>£ÿ!}6~1

• í�78?@Ö\ABCÿ!>£

• ù',ÑPDn<D0÷øEFGHdz

ZI

JKL
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• �OçbMy

• 100MHzÿ!60Ã1ÿ!1.8GeV®y0A§®yMNO£7¨n40cm§l0

25cmP$÷øQ0RA1S$çbMyT

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

• ÕPçbMyg

• 100MHzÿ!60Ã1ÿ!41ÕP0A§MNbU¨n40cm§l÷ø0RA1

S$IÕPVyyT

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

• 9mu2e~WXYZ�My(900 GyÖ 9e11 n / cm^2)7A1y3

• í4V[150\C­]^_`açbbc

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPC0deCEE ETOF

• ¼"fpitch 25mmg,q¼"%&�hij¼"f±UklÚmg100ps*c=30mm 

• p1nkMíhicmy3$kldz609Üops$%&dzpA0í49lm

qr4npr0¾ÇLPÍb×Ø

• ¢£g3.14*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

• ��gCEE ETOF 8m^20 350� ⇒ 11 m^2, 500�



Beam dump
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Back-up
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e & muon
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• Çxy�01vPÖ­wxapi+-0yz{ ⇒í®|YZ|}¨n10-60k~�

• í4��EMC+�$Pk0��Aµxy45$vPqr01

• !�0��25cm CsI + 20cm�0í4��0.6GeV/c45vP0pi+-xa77���

• ��25cm CsI + 40cm�0í4��0.8GeV/c45vP0pi+-xa730���

• YZ'A�~+CetaÖ×ØÒÓÖù'�x�qr[\0�µu��Pk

etaù'$pi+-d�

*eTù'vPd�

��

��
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���

• :;iÜ�MHz$ÿ!60YZÑùú%&~nsy3

• ��:;öCsI0�¥��$SiPM0|r6nsûËd�ª ~31ÿ�>£0í4��

• ®ydz6~2.3%@1GeV0I��E1�0ÏDSTCF�7qr��Ù�

• BaF2ûËdÑùú%&0.9ns0 VCsI¡2-3� ⇒ ~2�y®«��0í®¢¡£
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• 9REDTOP$CTOFde

• ¤¥¦§¨0��©b61.02

• |X=Pbeta > 1/1.02 = 0.980NU�"Î`ÏÐÑ

• e: p > 2.5 MeV ⇒Üª¯X�Pí&

• pi: p > 685 MeV ⇒xasDcdLP0«­xye pi01¬­��y®«

• |®XX¯Î`ÏÐÑ0³Ë°

• â±Ë²ÄÖÀA$[·g³´Öµ¶ÖSiPM¼"

• ¯YË°¿ÀÖ¯Y­·k$?¢ ⇒ÇË×ÖÇ¸¹

• REDTOP CTOF��¬uº»¼×�g0.6 M USD ⇒ 400��

��

• +½YZ0���TOF3EMC®½7

¾1xy~�¿��P01

• TOFge / pi 01@ p<0.3 GeV/c

• EMC: ?
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