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• 杰斐逊实验室简介 

• A、B、C、D实验⼤大厅QCD相关物理理 

• 核结构 

• 核媒质 

• 谱学 

• 总结与展望

主要内容
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托马斯·杰斐逊国家加速器装置 

（杰斐逊实验室Jefferson Lab)

托马斯·杰斐逊国家加速器装置 

（杰斐逊实验室Jefferson Lab）

Thomas Jefferson
(1743–1826)
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连续电⼦子束流加速器器
（CEBAF）

A
B

C

D

Outline:

● Radiators of Interest
● X-ray Measurements at the Canadian Light Source
● Comparison of 50 micron vs. 20 micron diamond
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• 2016年年2⽉月完成12 GeV升级计划 

• 加速器器：2.2 GeV/pass 

• Halls A, B, C: 1-5 圈加速 <11 GeV 

• Hall D: 5.5圈加速  12 GeV 

• A、D实验⼤大厅16年年春开始取数 

• B、C实验⼤大厅17年年春开始取数

Outline:

● Radiators of Interest
● X-ray Measurements at the Canadian Light Source
● Comparison of 50 micron vs. 20 micron diamond
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杰斐逊实验室12 GeV升级
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12 GeV升级科学目标
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A实验⼤大厅 – 核结构、形状因⼦子、超核谱等 
(HRS)，未来的新实验 (SoLID & MOLLER)

Hall B:  Producing High Impact Science

6

1 mm gap between Si
tracker detectors for 
passage of electron beam

• NP-HEP Collaboration

2015 Engineering Run
1.7 PAC days @ 1.05 GeV

2 GeV data taken in 2016, 
under analysis

Running summer 2019

Heavy Photon Search (HPS)

B实验⼤大厅 – 核结构、核媒质、
强⼦子谱等，(CLAS/CLAS12)

C实验⼤大厅 – 核结构、核媒质（⾊色透明机
制）、粲夸克偶素近阈产⽣生(J/Ψ-007)等

D实验⼤大厅 – 强⼦子谱，奇特混杂态，
对称性等 (GlueX)



核结构、核媒质研究等
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Tritium Family & MOLLER & SoLID from Hall A
Hall A High Resolution Spectrometers (HRS)

HRS top view Detector package

MARATHON 10 / 39

Targets

Tritium target

Low activity (⇠ 1k Ci)

Sealed cell

40K gas

Beam current  22.5 uA

MARATHON 11 / 39

A实验⼤大厅⾼高精度谱仪（HRS）
五层靶系统（Tritium）

SoLID
MOLLER

E12-10-103：DIS (MARATHON) 
E12-11-112: Short range 
correlation  
E12-14-009: Ratio of the electric 
form factor 
E12-14-011: Proton and Neutron 
Momentum Distributions 
E12-17-003: Λ-n Interaction

Tritium Family



利用镜像靶 和 探索核子结构

3H 3He
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The JLab MARATHON Collaboration from Hall A

Inclusive Deep Inelastic Scattering (DIS)
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3H3He
• 镜像核在电荷⽆无关的核⼒力力下全同 
• 研究镜像核性质的差别可以揭示质⼦子和
中⼦子的结构信息 

• A=3的镜像核是最简单的镜像系统

Inclusive Deep Inelastic Scattering (DIS)

Q
2 = �q

2 = 4EE 0
sin

2(
✓
2
)

⌫ = E � E
0

x =
Q

2

2M⌫
(Bjorken x)

W
2 = (q + p)2 = M

2 + Q
2(
1
x
� 1)

Inclusive: only the scattered electron is detected;
DIS: the scattering at large W

2 and large Q
2

MARATHON 2 / 39

Inclusive Deep Inelastic Scattering (DIS)

Q
2 = �q

2 = 4EE 0
sin

2(
✓
2
)

⌫ = E � E
0

x =
Q

2

2M⌫
(Bjorken x)

W
2 = (q + p)2 = M

2 + Q
2(
1
x
� 1)

Inclusive: only the scattered electron is detected;
DIS: the scattering at large W

2 and large Q
2

MARATHON 2 / 39

Inclusive Deep Inelastic Scattering (DIS)

Q
2 = �q

2 = 4EE 0
sin

2(
✓
2
)

⌫ = E � E
0

x =
Q

2

2M⌫
(Bjorken x)

W
2 = (q + p)2 = M

2 + Q
2(
1
x
� 1)

Inclusive: only the scattered electron is detected;
DIS: the scattering at large W

2 and large Q
2

MARATHON 2 / 39

• 深⾮非弹：⼤大  & ⼤大  
• 单举：仅测量量散射电⼦子

W2 Q2

Inclusive Deep Inelastic Scattering (DIS)

Q
2 = �q

2 = 4EE 0
sin

2(
✓
2
)

⌫ = E � E
0

x =
Q

2

2M⌫
(Bjorken x)

W
2 = (q + p)2 = M

2 + Q
2(
1
x
� 1)

Inclusive: only the scattered electron is detected;
DIS: the scattering at large W

2 and large Q
2

MARATHON 2 / 39

Inclusive Deep Inelastic Scattering (DIS)

Q
2 = �q

2 = 4EE 0
sin

2(
✓
2
)

⌫ = E � E
0

x =
Q

2

2M⌫
(Bjorken x)

W
2 = (q + p)2 = M

2 + Q
2(
1
x
� 1)

Inclusive: only the scattered electron is detected;
DIS: the scattering at large W

2 and large Q
2

MARATHON 2 / 39

单举深⾮非弹散射过程

Hanjie Liu, MENU 2019, June



利用镜像靶 和 探索核子结构

3H 3He
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The JLab MARATHON Collaboration from Hall A

实验上：传统通常⽤用氘靶，
但氘核的核修正效应模型依
赖，不不同模型给出的实验测
量量结果在⼤大x下差别较⼤大
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Neutron structure function

F
p

2 is measured up to x ⇠ 0.85 by
electron/muon scattering on Hydrogen target;

Since there is no free neutron target, inclusive
DIS on the deuteron has been used to extract
F

n

2 for decades

However, the nuclear corrections inside
deuteron are model dependent.
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2 /F
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di↵erent nuclear corrections

F
d

2 /F
N

2 computed from the CJ15 PDFs

Impact on d/u from
CJ15 of removing the
deuterium nuclear
corrections

MARATHON 6 / 39

理理论上：不不同
的理理论模型给
出的核⼦子结构
和正反夸克分
布⽐比u/d 的预
⾔言不不同
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Hanjie Liu, MENU 2019, June

测量量中⼦子和质⼦子的
⾮非弹结构常数 
测量量核⼦子中d夸克和
u夸克分布⽐比值d/u
测量量 与 的
EMC效应

Fn
2 /Fp

2

3H 3He



利用镜像靶 和 探索核子结构

3H 3He
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The JLab MARATHON Collaboration from Hall A

Hanjie Liu, MENU 2019, June

F
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p

2 from MARATHON

MARATHON 19 / 39

3
H EMC ratio

MARATHON 21 / 39

3
He EMC ratio

MARATHON 22 / 39

• 给出⼤大x下⾼高质量量结构常数⽐比值 的测量量
• ⼩小x下和SLAC数据⼀一致，理理论模型依赖的不不
确定度⽐比SLAC数据⼩小

• 测量量了了 与 的EMC效应
• 下⼀一步将移除⾼高纽度贡献，得到d/u结果

Fn
2 /Fp

2

3H 3He



SoLID (Solenoidal Large Intensity Device) 
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The SoLID Collaboration from Hall A

J. P. Chen, Hadron-China 2018

最⼤大程度开发 JLab 12 GeV 升级后的科学⽬目标：⼤大接收度 & ⾼高亮度（1037-1039cm-2s-1)
•核⼦子三维影像（中⼦子&质⼦子）：TMD (SIDIS)、GPD 等 (E12-10-006, E12-11-007, E12-10-008) 
•PVDIS（氘&氢）: 标准模型检验与强⼦子结构 (E12-10-007) 
•J/Psi近阈产⽣生- 探索核⼦子中强⾊色场及其质量量起源 (迹反常 )  (E12-12-006)
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13个国家，72个单位，300名合作者（⼴广泛的国际合作 & 强⼤大的理理论⽀支持）
•2015 LRP recommendation IV
•We recommend increasing investment in small-scale and mid-scale 
projects and initiatives that enable forefront research at universities 
and laboratories – SoLID – mid-scale project

从双臂到4π



SoLID：通往EIC的桥梁
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SIDIS program of SoLID
SoLID: a Bridge to EIC Science on full imaging of nucleons

3D Gluon distributions

Polarized Quark 3D Momentum distributions
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Wang et al. (2018)

Bhattacharya et al. (2016)

Alexandrou et al. (2017)

Kang et al. (2016)

Ye et al. (2017)

JLab12 SoLID

Models not shown

Dyson-Schwinger equation Lattice QCD
Phenomenology JLab12 SoLID

(TMD examples)

Transversity: valence quark effect

Sivers Function

Transversity/Tensor Charge

J. P. Chen, Hadron-China 2018



EMC模型与短程关联（SRC）

核结构与谱学研究

12
Daniel S. Carman Page 12MENU - Jun. 2-7, 2019 

CLAS12 Spectrometer

beam

The CLAS/CLAS12 Collaboration from Hall B

• Modified structure of protons and neutrons in 
correlated pairs, Nature 566, 354–358 (2019).

核⼦子的多维结构：形式因⼦子、PDFs、GPDs
及TMDs
夸克强⼦子化、⾊色透明机制、短程关联等
介⼦子及重⼦子谱研究

• First Measurements of the Double-Polarization 
Observables F, P, and H in ω Photoproduction 
off Transversely Polarized Protons in the N* 
Resonance Region, PRL 123, 032502 (2019).

• Exploring the Structure of the Bound Proton 
with Deeply Virtual Compton Scattering, 

     PRL 123, 032502 (2019).

CLAS数据
分析
结果
在发
表

CLAS12数据在采集：Group A、K、B

物
理理
⽬目
标

Heavy Photon Search (HPS)
PrimEx
RadPhi
g5其

他
实
验



低能 QCD 对称性和π0 寿命
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The PrimEx Collaboration from Hall B
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Primakoff Method
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Features of Primakoff cross section:
•  Peaked at very small forward angle:

 

•  Beam energy sensitive:

•  Coherent process
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PrimEx Experimental Setup

# Hall B high resolution, 
high intensity photon 
tagging facility

# A pair spectrometer for 
photon flux control at 
high beam intensities  

# New high resolution 
hybrid multi-channel  
calorimeter (HyCal)

20 

Two Experiments: PrimEx I and II

21 

•  PrimEx I was performed 
on 12C and 208Pb targets 
with Eγ=4.9-5.5 GeV, and 
the result was published 
in 2011. 

•  PrimEx II was performed 
on 12C and 28Si targets 
with Eγ=4.4-5.3 GeV. The 
result is recently finalized  

PRL 106, 162303 (2011)

42 

Impact of PrimEx result  

Γ(π0→γγ) = 7.82±0.14(stat)±0.17(syst) eV 
2.8% total uncertainty 
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Impact of PrimEx Result Cont. 
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L. P. Gan, Hadron 2019



质子电荷半径疑难

14

The PRad Collaboration from Hall BCurrent Results from the PRad Experiment

Weizhi Xiong
Duke University

for the PRad Collaboration

JLab Users Group Meeting 2019
June 25th 2019

Proton Charge Radius Puzzle: Current Status

Electron scattering:          0.879 ± 0.011 fm (CODATA 2014)
Muon spectroscopy:         0.8409 ± 0.0004 fm (CREMA 2010, 2013)
H spectroscopy (2017):    0.8335 ± 0.0095 fm (A. Beyer et al. Science 358 6359 (2017))
H spectroscopy (2018):    0.877 ± 0.013 fm (H. Fleurbaey et al. PRL 120 183001 (2018)) 3

 (fm)pProton charge radius R
0.8 0.82 0.84 0.86 0.88 0.9 0.92
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电⼦子散射： 
μ⼦子散射： 
H谱（2017）： 
H谱（2018）：

2010年年前两种主要测量量⽅方法：电⼦子与质⼦子的散射或兰姆位移，基本相符，结果约在0.877fm 
2010年年，新的测量量⽅方法，测量量了了由质⼦子和μ⼦子构成的μ原⼦子的兰姆位移 
μ⼦子⽐比电⼦子距离质⼦子更更近，使得测量量更更准确，⼤大约在0.842fm，与之前的结果差别达到5.6σ 
近⼗十年年间不不同实验组不不同实验⽅方法多次反复测量量质⼦子电荷半径

测量量质⼦子的电荷分布

Xiong, W. et al., Nature 
575, 147-150 (2019)



质子电荷半径疑难
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The PRAD Collaboration from Hall B
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PRAD: Solving the Proton Charge Radius Puzzle
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Current Results from the PRad Experiment

Weizhi Xiong
Duke University

for the PRad Collaboration

JLab Users Group Meeting 2019
June 25th 2019

Xiong, W. et al., Nature 575, 147-150 (2019)



粲偶素近阈产生等
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J/Ψ-007 etc. from Hall C

⾊色透明机制测量量

J/Ψ近阈产⽣生

HMS+SHMS 

S. JOOSTEN, 2019 Hadron-China 



强子谱学与奇特混杂态的寻找
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The GlueX Collaboration from Hall D
																			in	Hall	D	

Maria	Patsyuk,	

10	

RAPID COMMUNICATIONS

H. AL GHOUL et al. PHYSICAL REVIEW C 95, 042201(R) (2017)

greater precision than previous π 0 measurements and are the first η measurements in this energy regime. The
results are compared with theoretical predictions based on t-channel, quasiparticle exchange and constrain the
axial-vector component of the neutral meson production mechanism in these models.

DOI: 10.1103/PhysRevC.95.042201

In high-energy photoproduction, the dominant meson pro-
duction mechanism at small momentum transfer is expected
to be the exchange of massive quasiparticles known as
Reggeons [1]. Interest in this theoretical description of high-
energy photoproduction has increased recently, because it
provides constraints on the quantum mechanical amplitudes
utilized in low-energy meson photoproduction to extract the
spectrum of excited baryons [2], which depend strongly on the
internal dynamics of the underlying constituents [3]. In addi-
tion, understanding the meson photoproduction mechanism at
high energies is a vital component of a broader program to
search for gluonic excitations in the meson spectrum through
photoproduction reactions, which is the primary goal of the
GLUEX experiment at Jefferson Lab.

The first model developed for high-energy γ⃗p → pπ0 by
Goldstein and Owens was based on the exchange of Reggeons
with the allowed t-channel quantum numbers JPC = 1−− and
1+−, corresponding to the leading trajectories of the vector
ρ0/ω and axial-vector b0

1/h1 Reggeons, respectively, along
with Regge cuts [4]. Similar approaches addressing both π0

and η photoproduction have been developed and extended
recently by several groups, including Laget [5,6], the JPAC
Collaboration [7,8], and Donnachie and Kalashnikova [9].
Predictions for the linearly polarized beam asymmetry are sen-
sitive to the relative contribution from vector and axial-vector
exchanges, and new data can provide important constraints to
better understand this production mechanism.

In this paper, we report on the linearly polarized photon
beam asymmetry & in high-energy π0 and η photoproduction
from the GLUEX experiment. The data were collected in
the spring of 2016 utilizing the newly upgraded Continuous
Electron Beam Accelerator Facility (CEBAF) at Jefferson
Lab. The data represent the first measurement with a 12 GeV
electron beam at Jefferson Lab and the first measurement from
the GLUEX experiment. During most of this period, CEBAF
provided GLUEX with a beam current of about 150 nA at a
repetition rate of 250 MHz.

The GLUEX experiment [10] uses a new high-energy photon
beam facility, where the electrons provided by CEBAF are
incident on a thin aluminum (30 µm) or diamond (50 µm)
radiator, producing a tagged bremsstrahlung photon beam.
The aluminum radiator produces a conventional incoherent
bremsstrahlung spectrum with the characteristic intensity
proportional to 1/Eγ . The lattice structure of the diamond
radiator was aligned with the beam to produce coherent
bremsstrahlung, with the coherent photon intensity peaking in
specific energy ranges where the photons are linearly polarized
relative to the crystal axes in the diamond. Two different
diamond orientations were used for this data set (alternating
every few hours), with the electric field vector parallel or
perpendicular to the floor of the experimental hall, denoted
as PARA and PERP, respectively.

After passing through the thin diamond radiator, the
scattered beam electrons propagate through a dipole magnet

and are detected in a scintillator-hodoscope array, thus tagging
the energy of the radiated beam photons. In the photon
beam energy range 3.0–11.8 GeV, there are two independent
detectors: a fine-grained Tagger Microscope instrumenting
the region 8.2 < Eγ < 9.2 GeV in increments of about
10 MeV and the Tagger Hodoscope sampling the remaining
energy range with individual counter widths between 10
and 25 MeV.

The beam photons are predominantly produced along the
direction of the incident electron beam, with a narrower angu-
lar distribution for coherent than incoherent bremsstrahlung.
Therefore, after the photons travel through a 75-m-long
vacuum beamline, they pass through a 3.4-mm-diameter
collimator, where the off-axis photons are removed, increasing
the fraction of coherently produced photons. The energy of
the photon beam is monitored using e+e− pair conversion
from a thin (75-µm) beryllium foil downstream of the
collimator, where the e+ and e− energies are measured in a
pair spectrometer system consisting of a dipole magnet and a
pair of scintillator counter arrays [11]. The normalized photon
beam energy spectra, as measured by the pair spectrometer
(not corrected for instrumental acceptance) are shown in
Fig. 1(a) for the diamond and aluminum radiators. Here,
the characteristic peak of coherent photons is clearly visible
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FIG. 1. (a) Photon beam intensity versus energy as measured by
the pair spectrometer (not corrected for instrumental acceptance). (b)
Photon beam polarization as a function of beam energy, as measured
by the triplet polarimeter, with data points offset horizontally by
±0.015 GeV for clarity.
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电子打钻石产生极化𝛾光子 

极化𝛾光子轰击液氢靶

• 寻找奇特混杂态（分波分析）
• 轻强⼦子光产⽣生过程及束流不不对称度测量量
• ⾃自旋密度矩阵元理理解产⽣生机制 
• 散射截⾯面测量量
• ⼴广义部分⼦子分布函数GPD

Introduction
Experimental Results

Structure of Excited Baryons
Summary and Outlook

Jefferson Lab Upgrade to 12 GeV

Hall D

BlaBla
10.1 GeV achieved in Fall of 2014

2016: 2 pb�1 (commissioning data)

2017: 20.8 pb�1 (first physics data)
‹ Used for most physics analyses

2018: 51 pb�1 (Spring data)
‹ GlueX Phase-I completed this Fall

‹ Justin Stevens, Tuesday, Rangos 3

V. Credé A fresh look at the excited baryon spectrum
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FIG. 4: Hybrid calorimeter in the simulation showing a sample ⌘ ! ⇡0�� event.

a shower threshold of at least 100 MeV). The reconstructed energy balance and co-planarity

between the proton and the four photons from the decay of the ⌘ are shown in Fig. 7.

Events for which |�E| < 0.44 GeV and for which �� is within ±5� of 180� are accepted for

further analysis. Events with showers within the inner “ring” of blocks around the beam

hole were excluded. Most of the photons end up in the FCAL, as shown in Fig. 8. The

showers in the BCAL tend to correspond to lower-energy photons that have poor energy

resolution; some photons head toward the gap between the FCAL and the BCAL where

28

1x1 m2 PWO insert

DIRC 升级，提⾼高K/π鉴别能⼒力力
2 GeV → 4 GeV

前向量量能器器升级(FCAL-II)：

探测η衰变中多光⼦子末态

中间插⼊入⾼高精度、⾼高颗粒度PWO晶体

今年年已通过上海海硅酸盐预定500根PWO 晶体

PrimEx-η：η radiative decay width
JEF: Leptophobic B, CVPC, ChPT and 
the quark mass ratio
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在光⼦子能量量⼤大于3 GeV能区尚没有关于
ɣp→ηp过程的束流不不对称度 Σ 的测量量

GlueX/Hall D 的线性极化光⼦子束流
将为Regge模型提供新的约束

SLAC: PRD 4, 1937 (1971)
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Introduction Results Outlook

⇡0 and ⌘ Beam Asymmetries
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) Vector exchange dominates
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resonance production
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Measurement for ⌘0 with 2017 data

A. Austregesilo (aaustreg@jlab.org) — Latest Results from GlueX 11/19

更高精度

首次测量

• 测量量结果与 SLAC 数据相符

• 不不对称度Σ 接近于1, 对-t 依赖
很⼩小，⽀支持在此能区赝标介⼦子
光产⽣生过程以⽮矢量量交换为主

• 在 -t = 0.5 (GeV/c)2 处没有观
察到部分理理论预⾔言的显著下降

束流不对称度：测量结果

PHYS REV C 95, 042201(R) (2017)
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JLab 12GeV升级后的⾸首篇论⽂文
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deviation of the ratio from one or even a slope in the distribution suggests that ss̄ exchanges

(� and h0
1
) are important in the production. As the measured ratio is consistent with unity,

the reactions proceed predominantly through ⇢ and ! vector meson exchange. At this time,

however, our data are not sensitive enough to be able to draw more detailed conclusions.
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• 利利⽤用两组独⽴立的极化光⼦子束流

• η 通过2γ道重建

• η´ 通过 π+π-η道重建

• η与17年年的数据结果相符，精度更更⾼高

• 给出了了η´ ⾸首次测量量
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FIG. 1. The measured degree of linear polarization for the four diamond orientations is plotted as

a function of the photon energy, o↵set from one another in energy for clarity. Events with energy

between 8.2–8.8 GeV are selected, as demarcated by the vertical lines.

in a 30 cm long liquid hydrogen target that is located 65 cm from the upstream end of the

solenoid. The target is surrounded by a scintillator-based Start Counter (ST) that records

the time of charged particles [15], and a Central Drift Chamber (CDC) that contains 28

layers of 1.5 m long, 1.6 cm diameter straws arranged in axial and stereo orientations [16].

Downstream of the CDC and at forward angles are four planar packages of forward drift

chambers (FDC) [17, 18]. Charged particle tracks are reconstructed with momentum reso-

lution between 1% and 7%, depending on their angle and momentum. The drift chambers

also provide energy-loss information which allows for ⇡-p separation up to about 1 GeV/c

momentum. A lead–scintillating-fiber barrel calorimeter (BCAL) encompasses all the drift

chambers and measures the position, energy, and time of all incident particles [19]. Down-

stream past the solenoid is a scintillator-based time-of-flight (TOF) wall that measures the

arrival time of charged particles. A forward calorimeter (FCAL) is located downstream of

the TOF wall and measures the energy, position, and time of particles in a 2800-element

array of lead-glass blocks [20].

The data for this study were reconstructed in two exclusive final states: ~�p ! p�� for the

⌘ decaying to ��, and ~�p ! p⇡+⇡��� for the ⌘0 decaying to ⌘⇡+⇡�. The final states were

selected by choosing events with an associated topology: one positively charged track and

two photons for the ⌘, and two positively and one negatively charged track together with

6

arXiv:1908.05563 [nucl-ex]
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η/η´ 束流不不对称度相等暗示
没有含隐藏的奇异数的介⼦子
交换（如φ和h´ 介⼦子）

⽮矢量量介⼦子交换为主导

JPAC	References: 
Phys.	Rev.	D92,	074013	(2015).	Phys.	Le?	B774,	362	(2017).	

arXiv:1908.05563 [nucl-ex]
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FIG. 7. The photon beam asymmetry ratio ⌃⌘0/⌃⌘ is plotted. The vertical error bars represent

total errors. The horizontal error bars represent the RMS widths of the �t distributions in each

bin. The Regge theory calculation from JPAC [4] is shown.

V. SUMMARY

We have measured the photon beam asymmetry ⌃ for both ⌘ and ⌘0 photoproduction in

the GlueX experiment using an 8.2–8.8 GeV linearly polarized tagged photon beam. These

measurements were made as a function of momentum transfer �t and, in the case of the

⌘, are of significantly greater precision than our earlier ⌘ measurements [12]. For the ⌘0,

these represent the first measurements of ⌃⌘0 in this energy range. The beam asymmetries

and their ratio are compared to theoretical predictions based on t–channel quasi-particle

exchange. The data show that the asymmetries and ratio are close to unity, which implies

that the reactions proceed primarily through ⇢ and ! vector meson exchange.
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Analysis of ηπ and η’π final 
states well underway 


Several well-known 
mesons identified with only 
20% of GlueX Phase-I


Expect twice COMPASS 
statistics with full GlueX 
Phase-I dataset

�9

ηπ/η’π spectroscopy at        

See talks by Sean Dobbs and  
Stuart Fegan yesterday

�p ! ⌘⇡0p
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分析⼯工作正在进展中

⽬目前仅⽤用到20%的GlueX 
Phase-1的数据

预计GlueX Phase-1
的数据量量将达到
COMPASS的两倍

研究双赝标量量谱

向着混杂态寻找⽬目标迈进

奇特态1-+



粲偶素J/Ψ近阈光产生过程

Elton S. Smith             GHP Meeting          February 3, 2017 

83 ± 14 J/ψ events 
M = 3093 ±1  MeV 
R.M.S. = 9.1 ±1 MeV 

Charm production near threshold 

24 

Brodsky PLB 498 (2001) 23   

GlueX Energy  
Range 

[GHP: Photon-Hadron Physics - L. Pentchev] 
25

Brodsky et al. PLB 498, 23 (2001) 

• J/y photo-production near threshold  poorly 
covered by previous  old measurements 

• Look for threshold enhancement: sensitive to 
proton gluonic content (high x); other interesting 
effects expected near threshold 

• Hall D is the only hall with Eg>11 GeV – needed 
to allow continuity from the high energy data; only 
in 2016 we had >11.5 GeV  

• GlueX coherent peak right above the threshold – 
improved statistics at the very important point 

GlueX 

Why study J/y near threshold photo-production 

two-gluon exchange three-gluon exchange 

Brodsky et al. PLB 498, 23 (2001)  

GlueX 能量量范围
测量量J/Ψ光产⽣生过程散射截⾯面：8.2 GeV < Eγ < 11.8 GeV

之前的实验近阈能区数据少（⾮非遍举过程）

GlueX实验恰好能在近阈能区提供实验数据

对核⼦子质量量的胶⼦子贡献⾮非常重要  Eur. Phys. C 9 (1999)

散射截⾯面对核⼦子中⾼高x下胶⼦子交换敏敏感  PLB 498 （2001）

寻找LHCb五夸克候选者Pc态
GlueX

• Also because of the LHCb pentaquarks observed in Lb →	K-(J/yp)
R.Aaji et.el PRL 115, (2015)

• DIRECT relation – if thses pentaquarks exist they should be seen in 
s-channel photoproduction: 

g

p
p

Pc

J/y
J/y

Direct   relation

Why: LHCb petaquarks in s-channel production

• V.Kubarovsky and M.B.Voloshin, PRD 92.031502 (2015).
• M.Karliner and J.Rosner, arXiv: PLB 752, 329  (2016).
• A.Blin, C.Fernandez-Ramirez, A.Jackura, V.Mathieu,  V.Mokeev, 

A.Pilloni, and A.Szczepaniak, PRD 94,034002 (2016).

Pc(4450)

4
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FIG. 1: Electron-positron invariant mass spectrum from the data. The insert shows the J/ region fitted with a
linear polynomial plus a Gaussian (fit parameters shown).

and a cross section as a function of the beam energy obtained from our measurement, followed by the J/ ! e+e�

decay assuming helicity conservation.
The response of the GlueX detector to the generated events was simulated using GEANT3 [23]. Accidental tagger

signals and out-of-time and detector noise signals were extracted from randomly triggered real data and injected into
the generated events. We use these simulations to calculate the BH and J/ reconstruction e�ciencies, "BH and
"J/ . BH simulations are also used to integrate the BH cross section over the region used for normalization.

RESULTS AND DISCUSSION

We calculate the total cross section in 10 bins of beam energy using the following formula:

�J/ (E�) =
NJ/ (E�)
NBH(E�)

�BH(E�)
BJ/ 

"BH(E�)
"J/ (E�)

.
(2)

Here NJ/ and NBH are the J/ and BH yields, �BH is the calculated BH cross section, and BJ/ is the J/ ! e+e�

branching ratio of 5.97% [24]. Note that the result depends on the relative BH to J/ e�ciency. E↵ects due to
variations in the photon flux over a given energy bin also cancel under the assumption that the J/ cross section
varies slowly across a bin. The study of features in the J/ cross section that are narrower than an energy bin, such
as those due to narrow pentaquarks, requires, in addition to the binned total cross sections, taking into account the
finer flux structure.

PRL 123, 072001 (2019) 

⽬目前结果使⽤用2016+2017数据
⼤大约是GlueX Phase-1 全部数据的25%

10

Energy , GeV �, nb error, nb
13 2.240 0.472
15 3.304 0.560
15 4.312 0.840
16 4.515 0.606
17 5.866 0.543
19 5.750 0.586
19 6.389 0.586
19 7.986 0.532
21 7.667 0.630

TABLE IV: Total cross-section vs beam energy calculated from d�/dt (at t = tmin) from the SLAC data [16]
assuming dipole t-dependence, Eq.(1) m0 = 1.14 GeV in the paper.
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FIG. 4: The tagged photon luminosity as a function of beam energy.

The results for the upper limits of the pentaquark branching fractions B(P+
c

! J/ p) are summarized in Table V.
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Kharzeev et al. x 2.3

(4440)+
cJPAC P

incoherent sum of:
  2g exch. Brodsky et al
  3g exch. Brodsky et al

FIG. 3: GlueX results for the J/ total cross section vs beam energy, compared to the Cornell [15] and SLAC [16]
data, the theoretical predictions [11, 13], and the JPAC model [6] corresponding to B(P+

c
(4440) ! J/ p) = 1.6% for

the JP = 3/2� case as discussed in the text. All curves are fitted/scaled to the GlueX data only. For our data the
quadratic sums of statistical and systematic errors are shown; the overall normalization uncertainty is 27%.

LHCb P+
c

states, which allow to discriminate between di↵erent pentaquark models.
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FIG. 2: Di↵erential cross section for J/ photoproduction as a function of �(t� tmin) for 10.00 < E� < 11.80 GeV.

momentum L = 0 of the J/ p system. As VMD leads to an increase in the cross section for increasing L [4], L = 0
minimizes the resulting cross section and therefore yields a maximal upper limit on the branching fraction. We fit
our data, in which the statistical and systematic uncertainties on the individual points are added in quadrature, with
a variation of the JPAC model [6] where the non-resonant component is described by a combination of Pomeron and
tensor amplitudes [28]. To take into account the fine flux variations (see Supplemental Material), in each bin the data
are fitted with the integral of the model function weighted by the normalized flux distribution across the extent of the
bin. The upper limits on the branching fractions are determined by integrating the profile likelihood of the fit as a
function of the branching fraction. The profile likelihood is determined by a procedure based on the one described in
Ref. [29], in which uncertainties on the model parameters can be incorporated. As an example of the sensitivity of our
measurement, we plot in Fig. 3 the model prediction for P+

c
(4440) with B(P+

c
(4440) ! J/ p) = 1.6%, which is the

estimated upper limit at 90% confidence level when taking into account the errors of the individual data points only.
Similar curves for the other resonances are shown in the Supplemental Material. Including systematic uncertainties due
to the non-resonant parametrization, Breit-Wigner parameters, and overall cross-section normalization, we determine
upper limits at 90% confidence level of 4.6%, 2.3%, and 3.8% for P+

c
(4312), P+

c
(4440), and P+

c
(4457), respectively.

These upper limits become a factor of 5 smaller if JP = 5/2+ is assumed. Note that these results depend on the
interference between the pentaquarks and the non-resonant continuum that is model dependent and the interference
between the pentaquarks that is not taken into account.

A less model-dependent limit is found for the product of the cross section at the resonance maximum and the
branching fraction, �max(�p ! P+

c
)⇥B(P+

c
! J/ p), using an incoherent sum of a Breit-Wigner and the non-resonant

component of the model described above. Applying the same likelihood procedure that includes the systematic
uncertainties, yields upper limits at 90% confidence level of 4.6, 1.8, and 3.9 nb for P+

c
(4312), P+

c
(4440), and P+

c
(4457),

respectively.
In Refs. [30–32] the partial widths of the P+

c
! J/ p decays were calculated and shown to be orders of magnitude

di↵erent for two pentaquark models, the hadrocharmonium and molecular models. Our upper limits on the branching
fractions do not exclude the molecular model, but are an order of magnitude lower than the predictions in the
hadrocharmonium scenario.

In summary, we have made the first measurement of the J/ exclusive photoproduction cross section from E� =
11.8 GeV down to the threshold, which provides important inputs to models of the gluonic structure of the proton
at high x. The measured cross section is used to set model-dependent upper limits on the branching fraction of the

近阈能区3胶⼦子交换为主导

⽬目前精度下未看到五夸克态

设定模型依赖分⽀支⽐比上限为百分之⼏几

不不久后能将精度提⾼高4倍

PRL 123, 072001 (2019) 
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四个实验⼤大厅共同关注！

GlueX 
Hall D

HMS+SHMS 
Hall C

CLAS 12 
Hall B

SoLID 
Hall A

~2100  
(4200 with muons)

~400  
25% GlueX I 45/天 1627/天，光产⽣生 

86/天，电⼦子产⽣生
完成 完成 进⾏行行中 ～10年年？

夸克偶素提供了了研究核⼦子中胶⼦子场的重要⼯工具

近阈产⽣生能为迹反常、夸克偶素-核⼦子束缚、LHCb
五夸克候选者及质⼦子质量量起源等问题提供信息

12 GeV能量量升级后的JLab为
研究这些问题的理理想场所！

arxiv:1904.03947
2015年LHCb发现五夸克态候选者Pc(4450)等。 

2019年发现⼀个新的五夸克态候选者Pc(4312)，
并观测到Pc(4450)实际上是由两个质量相近的共
振态Pc(4440)和Pc(4457)叠加⽽成。

PRL 115, 072001(2015)

PRL 122, 222001(2019)



• 杰斐逊实验室12GeV升级计划完成，四个实验⼤大厅都已
在新能量量下顺利利运⾏行行 

• 与QCD相关的⼀一系列列实验都在进展中，包括通过强⼦子谱
学、核结构、核媒质等⽅方法研究QCD禁闭、寻找QCD奇
特态等 

• 未来设备研制及升级在进⾏行行中，如：A厅MOLLER、
SoLID计划、D厅DIRC、FCAL-II升级计划等 

• JLab的EIC计划预研究也在持续进⾏行行中

总结与展望

30



祝贺赵光达⽼老老师⼋八⼗十⼤大寿⽣生⽇日快乐，身体健康！


