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Abstract An internal target experiment at HIRFL-CSRm is planned for hadron physics, which focuses

on hadron spectroscopy, polarized strangeness production and medium effect. A conceptual design of Hadron

Physics Lanzhou Spectrometer (HPLUS) is discussed. Related computing framework involves event generation,

simulation, reconstruction and final analysis. The R&D works on internal target facilities and sub-detectors

are presented briefly.
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1 Introduction

The Cooling Storage Ring project on the Heavy

Ion Research Facility at Lanzhou (HIRFL-CSR) is

under commissioning, that consists of a main ring

(CSRm), an experimental ring (CSRe), and a ra-

dioactive beam line (RIBLL2) to connect the two

rings
[1]

, shown in Fig. 1.

Fig. 1. HIRFL-CSR complex.

CSRm can provide proton/deuteron beams with

momentum 3.7GeV/c, and heavy ion beams with

maximum energy from 0.5GeV/u (238U72+) up to

1.1GeV/u (12C6+). With these beam conditions

the machine provides very good opportunities in

both hadron physics research on non-perturbative

QCD
[2—6]

and heavy ion research in terms of nu-

clear equation of state and exotic nuclear structure

etc. An internal target experiment for hadron physics

and an external target experiment for heavy ion col-

lisions will be built at HIRFL-CSR complex. This

letter is concentrated on the internal target experi-

ment, named Hadron Physics LanzhoU Spectrometer

(HPLUS).

2 Physics Case

2.1 Hadron spectroscopy

Spectroscopy is a main approach to get informa-

tion of fundamental interactions from atomic, nuclear
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and hadronic system. Based on conventional con-

stituent quark model, meson and baryon spectroscopy

are established with qq̄ and qqq system, respectively.

But there are still some hadron resonances not ex-

plained well, especially recent experiments give evi-

dence for multi-quark components.

Nucleon resonance N∗(1535) with JP =
1

2

−

, con-

sidered as the first L=1 orbital excitation state, has

a mass higher than the lowest JP =
1

2

+

radial excita-

tion state N∗(1440). Although the pentaquark state

Θ+ still needs confirmation by experiment, the penta-

quark components in proton and excited baryons are

presumed to explain N∗(1535) has a large coupling

to strangeness (KΛ and KΣ) and be heavier
[7]

. One

of the programs on HPLUS@CSRm is set to look for

“missing” N∗ and ∆∗ resonances and study their ss̄

components.

Di-baryon search through NN scattering is a good

experiment to have a practice at the beginning. The

pp elastic scattering and single-pion or double-pion

production channels should be done to compare with

other spectrometer running at equivalent accelerator

like COSY@Jülich.

Light scalar resonances a0/f0(980) (JP = 0+) are

discussed as compact 4-quark states (qq—q̄q̄) for the

identified KK̄ decay mode, while constituent quark

model treats them as conventional qq̄ states. More

experimental data are required and WASA@COSY

has listed a0/f0 production as one of their main in-

tents.

Also decays of η and η′ mesons are important pro-

grams on WASA to study symmetries and symmetry

breaking. A close contact between HPLUS@CSRm

and WASA@COSY is well established for future

hadron physics proposals .

2.2 Polarized strangeness production

Polarized H/D laser-driven target and polar-

ized p/d beams are considered for phase II of

HPLUS@CSRm. Polarized φ meson production is

postulated to probe strangeness content of nucleon.

A recent experiment on φ meson production near

threshold from ANKE@COSY, gives a significant en-

hancement of φ/ω production ratio of a factor 8 com-

pared to Okubo-Zweig-Iizuka rule prediction
[8]

. Total

cross section data for φ-production in pp collisions are

very scarce. At low excess energy there are only four

data points: excess-energy ε=83MeV (DISTO collab-

oration), ε=18.5, 34.5, 75.9MeV (ANKE collabora-

tion). So polarized φ meson production program is

set on HPLUS@CSRm for further investigation.

Another program on excitation modes of hyperon

Λ∗ and Σ∗ is suggested to study reaction mecha-

nism of strangeness production through pp and pn

interactions
[9]

.

2.3 Medium effect

In nuclear matter the change of hadron mass and

width can give important information to chiral sym-

metry breaking restoration. Through comparison of

proton-nuclei and proton-proton collisions one can

investigate the medium effect of φ meson through

charged Kaon-pair detection and ρ, ω, η mesons

through lepton-pair detection.

3 Conceptual design for HPLUS

With the intent of physical channels listed in Ta-

ble 1, it is supposed that both charged and neutral

particles should be detected by HPLUS with sufficient

coverage and resolution.

Table 1. Physical channels of interest.

channels Ek
thresh.

/GeV physical interest

pp→pnπ+/ppπ0 0.29/0.28 machine training and

pp→ppπ+π− 0.60 dibaryon search

pp→pN∗
→pK+Λ 1.58 baryon spectroscopy

pp→n∆∗
→nK+Σ+ 1.79 baryon spectroscopy

pN→. . . a0/f0(980) 2.5 scalar meson resonances

pp→ppη/ppη′ 1.26/2.40 symmetry breaking

pp→ppφ→ppK+K− 2.59 OZI rule violation

pN→NKΛ(∗)/NKΣ(∗) >1.6/1.8 strangeness production

dd→αη 1.12 η-meson nuclei

pA→. . .φ,ρ,ω,η sub-threshold medium effect

For the conceptual design there are three consid-

erations. First, the internal experiment is a fixed tar-

get case, which has a large forward distribution of

products. According to the phase space simulation,

about 90% charged particles and neutrons are emit-

ted forward within polar angle 90◦ in the lab frame.
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So the design of the forward detector is very impor-

tant. Second, the typical luminosity of HPLUS is

about 1032cm−2·s−1 and the total cross section of pp

collision at
√

s ∼3GeV approaches 50mb, so the total

event rate is about 106/s, that sets a great challenge

for tracking detectors and DAQ system. Third, a gen-

eral type spectrometer has more freedom in future for

varying hadron physics intent. A large acceptance is

also required for differential cross section measure-

ment to provide more information than existed spec-

trometers.

The main sub-detectors are described as followed,

respectively:

1) Solenoid and Tracking Detector (TD)

A uniform magnetic field along the beam line is

supplied by superconducting solenoid magnet. Multi-

Wire Drift Chambers (MWDC) and Time Projection

Chamber (TPC) are the main tracking detectors in

the solenoid.

2) Time-of-Flight (TOF) Stop Detector

Both plastic scintillator and Multi-gap Resistive

Plate Chamber (MRPC) are satisfied with TOF re-

quirements to identify charged particles. TOF detec-

tor can also give fast trigger signals.

3) Electromagnetic Calorimeter (EMC)

The CsI(Tl) crystal calorimeter is chosen to de-

tect photons and electrons with nearly 4π coverage.

A kind of large area Photodiode (PD) is considered

as photodetector for each crystal cell.

4) T0 and Vertex Detector

T0 detector provides start signal of TOF, that is

one of the most important and difficult issues in the

conceptual design. To determine the interaction point

and decay vertices, the vertex detector is suggested

to help reconstruct tracks efficiently.

5) Hadronic Calorimeter (HC)

A sampling hadronic calorimeter is planned to de-

tect neutrons.

6) Cherenkov Detector

As a option the Cherenkov detector (DIRC) is

planned to identify high momentum charged particles

for complement with TPC and TOF at lower momen-

tum region.

A primary configuration of HPLUS based on

above considerations is given to start detector simu-

lation and optimization, as shown in Fig. 2.

Fig. 2. HPLUS conceptual design configuration.

4 Computing framework

In order to estimate the flexibility of physical ob-

jectives, to optimize the conceptual design and to fi-

nally analyze experimental data, a complete software

platform must be developed with four major packages

for event generation, simulation, reconstruction and

analysis.

Event generation is going to generate physical

channels and backgrounds with certain rates. In

this energy regime interaction processes are based

on hadrons not quarks, so each event can be divided

into two steps called reaction and decay. Within re-

action step beam interacts with target strongly to

create hadron resonances. Then short lived parti-

cles decay to final products which can be detected

in the spectrometer. Generally particle decay modes

and branching ratios are provided in PDG summary

tables, so the decay step can be realized directly by

Monte Carlo techniques. To describe reaction step we

use phase space generator to give kinematic bound-

aries and also want to develop dynamic corrections

from Effective Field Theories (EFT).

Simulation and reconstruction both deal with in-

teractions between particles and detectors, but per-

form the exactly opposite tasks. Simulation package

imports particles’s ID and 4-momenta record from

event generation to simulate detector response pri-

marily at Hit level including position, time and de-

posited energy information. Then each sensitive de-

tector element with simulated readout module and

electronics like ADC or TDC, converts Hit record to

raw data just the same as experimental data format,
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called digitization. Reconstruction package converts

simulated or experimental raw data to useful spatial

and physical quantities using calibration database.

After coming back to Hit level and using the analysis

tool package we can reconstruct full physical event.

Computing work is based on ROOT platform.

Event generation involves phase space generator,

Pluto++ and Pythia6. GEANT4 application is used

to perform detector simulation. Reconstruction and

analysis tools are developed with ROOT library.

5 R&D works

A hydrogen/deuterium pellet target facility devel-

oped in Uppsala, Sweden, is transported to Lanzhou

and its testing platform is under construction. The

pellet diameter ranges from 25 to 35µm, and thus

an effective target thickness of 1015—1016atoms/cm2

is expected
[11]

. A polarized H/D laser-driven target

developed in MIT/Duke is considered to take over.

The polarized hydrogen gas has been produced at a

thickness of 1.5×1015atoms/cm2, with 58.2% degree

of dissociation and 50.5% polarization in the storage

cell
[12]

.

The growth of CsI(Tl) crystal with φ11cm×35cm

is achieved in our institute. A cubic CsI(Tl) sam-

ple (1cm×1cm×1cm) coupled with PD and APD

has been tested at 25◦C, and the energy resolution

for 662keV gamma-ray is 11.3% and 5.1%, respec-

tively. The prototype of Multi-Wire Drift Chamber

(MWDC) has be constructed and tested in the in-

stitute. The layer efficiency increases exponentially

to 96% at the HV plateau, and overall position res-

olution better than 200µm is achieved. TOF detec-

tor including MRPC module, plastic scintillator and

their readout electronics is designed and developed at

USTC. A prototype TPC with GEM (30cm×20cm)

readout is under development at Tsinghua University.
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