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QUARKONIUM PRODUCTION NEAR THRESHOLD

Probing the energy distribution of gluonic fields inside the proton and nuclei

LHCB '14 (UPC)

Do quarkonia enable pentaquarks to

108 g — — -
; ' ' Bl Near-threshold electro- and
10 E photoproduction of
10k - quarkonium
2 h f ° ol T - Origin of proton mass, trace
03, % ¢ o0  CERN NA-14 § anomaly of the QCD EMT
10k AL el - Gluonic Van der Waals force,
- ¢ H1 Combined (y*) - possible quarkonium-nucleon/nucleus
10° \L ZEUS Combined (y*) |—= bound states
— * -

exist?

= Almost no data near threshold .
before the 12 GeV era of JLab 0

10—3 lllllll | | 11111112 | | 11111113
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5 W (GeV)

¢ H12000 (v%)
\l, ZEUS 2009 (v*)

J/y at JLab
Y(1s) at EIC

. . _ 102;— = Mechanism for quarkonium
= J/ well constrained for high energies - ; oroduction itself
. 10 .
= Y(1S): not much available = L
= 1 v * : =
= No electro-production data available = ¢ ! | ;
10'15— =

* LHCb '15 (UPC)
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QUARKONIUM PHOTO-PRODUCTION

The kinematics

10: -
y 9 fmax do f
- Otot — )
J/y threshold: 8 £ B
W ~ 4.04GeV 7f_ g
ER° ~ 8.2GeV -
5 6
t ~ —1.5GeV -
= 5
4
= Phase space limits defined by quarkonium direction 20
« Forward (with photon): ¢ = tmir e
. 0_ | | | | | | | | | | | | | | | | | | | | | | | | |
N [ = 8 8.5 9 9.5 10 10.5
Backward (with proton): t = fmax e o

= Forward direction preferred: t-dependence ~exponential
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QUARKONIUM AT JEFFERSON LAB AND EIC

Jefferson Lab

CEBAF: very high luminosity
(1035-103° cm-2s-1) continuous
electron beam on fixed target

4 experimental halls:
 11GeV in Hall A, B &C
 12GeV in Hall D

Jefferson Lab is the ideal
laboratory to measure J/y
near threshold,

due to luminosity, resolution
and energy reach

Electron-ion Collider

EIC: high luminosity (1033-1034
cm-2s-1) polarized electron
polarized ion collider

Variable CM energies: 29-140
GeV with 2 possible
interactions regions

Reach to J/p threshold more
difficult, sufficient energy and
luminosity to study Y near
threshold.

Complementary programs: Jefferson Lab is the ideal

laboratory to measure J/p near threshold, and EIC has
sufficient luminosity to measure Y near threshold
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12 GEV J/¥Y EXPERIMENTS AT JEFFERSON LAB

Hall D Gleszhbserver th first /L|J a;t JLab ‘ | Hall C has the J/t|.l-007 experlment (E12-16- 007) to search for the
A. AI| et a/ PRL 123 072001 (2019) | | - LHCDb hidden-charm pentaquark

EM Calorimeter
Scint.forward angle)

[EM.Calorimeter;

(large angle)

—_—— Beamline

T

Hall B - CLAS12 has experiments to measure TCS + J/y in photoproduction as part of Hall A has experiment E12-12-006 at SoLID to measure J/y in electro- and
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J/¥Y EXPERIMENTS AT JLAB COMPARED

CLAS 12
with upgrade?

HMS+SHMS

HALL C HALL B

J/P counts 469 published Ak S o
(photo-prod.) ~10k phase | + I
J/yp Rate (electro- N/A N/A n ok
prod.)
Acceptance 4m <4x104 <2 21
Finished Finished Ongoing/Proposed ~8 years?

The CLAS12 projected count rates assume the proposed CLAS12 luminosity upgrade to 2x1035/cm?/s
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THE LHC-B HIDDEN CHARM PENTAQUARK
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R. Aaij et al. (LHCb), PRL 115-7 (2015)

DISCOVERY OF THE LHCB CHARMED PENTAQUARK

Ay = ATV — (K p)J/¥
Ap - K P.— K (pJ/¥)

e LHCDb collaboration findings:

two P. states needed:
e Spin/parity not fully
constrained:

e 5/2+ and 3/2- (most likely)
e 5/2- and 3/2+
e 3/2- and 5/2+

(@)

b*—&g} "
Ah{ u—’-\s

(b)
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X-H Lui et al., PLB 757, 231 (2016) and references therein
Q. Wang et al., PRD 92-3 034022-7 (2015) and references therein

IS THIS A REAL EXOTIC BARYON?

We can confirm this at JLab!

e LHCD definitely saw something, but was it a pentaquark”?
1. “True” pentaquark state: tightly bound 5-quark state
2. “Molecular” meson-baryon bound state
3. Kinematic enhancement through anomalous triangle

singularity (ATS)

e Photoproduction ideal channel to distinguish:

1. “True” pentaquark: strong s-channel resonance

2. “Molecular”: small s-channel resonance (less overlap with
vp and J/wpp states)

3. ATS not a factor in photoproduction

Jefferson Lab the perfect place to
search for P¢in photoproduction
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MAXIMIZING THE SENSITIVITY

Maximum sensitivity for s-channel resonance at high ¢

- chunaol (- chanaef

£
N
b
s
It -l )€ - Cin |
t-channel production mostly forward s-channel production more isotropic
(exponential-like t-dependence) (flatter t-dependence)
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Z.-E. Meziani, S. Joosten et al., arXiv:1609.00676 [hep-eX]
K. Hafidi, S. Joosten et al., Few Body Syst. 58 (2017) no.4, 141

JLAB EXPERIMENT E12-16-007
J/p-007: Search for the LHCb Pentaquark

oV
. I;anh February 201|9 ;or ~8 bPAC days - Q | Electron in
e High intensity real photon beam ()
(50uA electron beam on a 9% copper 9% Cu Radiator \’\6 \ SHMS
radiator) l To beamdump
e 10cm liquid hydrogen target — | s :
« Detect J/y decay leptons in coincidence ~ Incident >
. beam
e Bremsstrahlung photon energy fully constrained
T E Hydrogen
| ::u;:gz 1 2 target
i — setting 3 |
4~ == setting 4 =
s i
O _
] i Positron in
n ) HMS
8 85 9 95 10 105 11
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http://arxiv.org/abs/arXiv:1609.00676
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dummy with radiator 0.6 target wall

WI T H M I N I M AL LH2, no radiator 0.1 electroproduction
19.97 at +4.6GeV 20.17 at -4.3GeV LH2 with radiator [8.2

setting 2 low-t and low energy

BAC KG RO N D dummy with radiator [0.3 target wall
U setting 3 16.47 at +4.08GeV  [30.07 at -3.5GeV LH?2 with radiator [13.8 high-

settings HMS SHMS target charge [C] |goal ]'/Ip
C L E AR J I ‘-IJ S I G N AL setting 1 19.17 at +4.95GeV  |17.07 at -4.835GeV |LH2 with radiator |[5.2 low-t and high energy

setting 4 16.57 at +4.4GeV 24.57 at -4.4GeV LH2 with radiator |6.9 medium-{
dummy with radiator|0.2 target wall
i ' ' ' | ' ' ' | ' l ' ' ' ' ' | 300 ' ' ' | ' ' ' | ' ' ' ' ' ' '
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R. Aaij et al. (LHCb), Phys.Rev.Lett. 122 (2019) no.22, 222001

The plot thickens...
NEW LHC-B RESULTS WITH 10X STATISTICS

L HC /> Moriond QCD, Tomasz Skwarnicki, Mar 26, 2019 14 }
Plau3|ble theoretical interpretation ‘
D D b D N *0 < The only thresholds below which LHCb-PAPER-2019-014
Predicted JP: L ¢ T §—5 molecular bound states in preparation
1200k e dao are expected in this mass range
: ?ci;? it : e The near-threshold masses and the narrow widths of

1000 P iy P.(4312)*, P (4440)* and P(4457)*
favor “molecular” pentaquarks with meson-baryon

substructure!

Loosely — bound pentaquark Tighly — bound pentaquark

— backgrou'nd

800

D° or D*O

Weighted candidates/(2 MeV)

- J/Y (cC)p(uud) suppressed (P;F narrow) = J /Y (cC)p(uud) easier (P; wider)
Can diguark substructure separated

300 4250 4300, 4350 4400 2450 4500 4550 2600 However, we need to by a potential barrier [Maiani,
v my., MeV]  measure JPs to confirm Polosa, Riquer, PL,B778, 247

molecular hypotheS|S, (2018)] produce width

fid i _ 4 suppression?
INd 1SOSPIn partners, ... Are masses near thresholds just by

coincidence?
This hypothesis is not ruled out

Existence of £} D° molecule would
imply importance of p-exchange
P.(4312)*, P.(4440)" not near triangle diagram thresholds, P.(4457)" is (see backup slides).

eNt ILb ratory is
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... MEANWHILE IN HALL D | .
First J/y results from JLab, published in PRL (2019) @& Pe .

-

= 1D cross section (~469 counts)

= Also released 1D integrated t-dependence for photon energy
between 10-11.8GeV

= Trends significantly higher than old measurements, but large
27% scale uncertainty

= Published upper limits for s-channel resonances at 90%
confidence level

= 1D limits on o(yp = Pc) x [(Pc=J/yp p): : val SR T T O W Wt et
resp. <4.6nb, <1.8nb, and <3.9nb at 90% 1 57::::::::::::::5::::::: :.:.. ....... A W JUS T R S S S
= Assuming spin-parity 3/2- for all 3 states, [(Pc(3/2-) = J/w p): EE ...'..._Z2_3;2;2-1{';‘;'5’.'?2%2ZIIIII;ZIEIIIIIIIZZIII%IIIII —=— SLAC
resp: <4.6%, <2.3%, and <3.8% '_Eﬁﬁﬁﬁfffﬁﬁfﬁﬁ'i',:-.ff‘ffﬁﬁﬁﬁﬁ;f,)ﬁ'ﬁ'jﬁﬁfﬁf;ﬁffﬁﬁﬁﬁﬁfgjﬁfﬁﬁﬁﬁﬁﬁfﬁgﬁff —A— Cornell
note: these coupling numbers are model dependent and vary — ‘“‘é ......... ’ , ............. ............ ........... ..... .- Tgige:*\(,::folix 2.3
by factors based on the Spin_parity assumption - they _. ...... ............. ............ ..... o incoherecnt sum of
nerease for 1/2- and decrease for 5/2- LT ST NP T W T N s 2 exch. Brodsky et a
« Still consistent with some pentaquark models L £ e e e s e o K 3g exch. Brodsky et al
8 9 10 E,, GeV 20

: : : . . . . . . . . . -
10 _'_..............‘...---.--.----.'.............:.............\ ........... Messsssnneed ...........:.........:........: ........ Sesssees m;-;-.-.---.
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WHAT DOES A
PURE T-CHANNEL
BACKGROUND
LOOK LIKE?

Need model-independent
fit shape to fit the t-channel
background inside the
spectrometer acceptance

A gaussian shape, mostly
driven by the spectrometer
acceptance, does a good
job describing both (very
different!) Monte-Carlo
models

For now used as
independent shapes
between the settings, could
In principle gain more by
levering the 2D t-profiles of
the cross section

gonne National Laboratory is a
.S. Department of Energy laboratory
anaged by UChicago Argonne, LLC.
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/7748
PENTAQUARK MODEL

Need to know pentaquark signatures in our experimental sample
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Pc resonances calculated at GlueX 90% upper limit Difficult to separate higher-mass states due to radiative and

using MC (with JPacPhoto + Detector Simulation) 17 detector smearing, and limited statistics (coarse binning)




HIGH-T SETTINGS CRUCIAL FOR SENSITIVITY

Improved sensitivity at high t for a given coupling
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4% scale uncertainty on cross section 25><1O'b | _ 0 15x10-b
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: | el _ - = ‘ol @ -
(90% confidence 2 { ﬁ+ ------ ] I o0 I f } _
interval) from the - - 1] ++H {, - I 5..:;{5.; {r )
mi - o LY Teel | L | Lde« IR
pre“mmary J/LIJ 007 0 8.5 9 9.5 10 10.5 11 0 8.5 9 9.5 10 10.5 11
results (see next slide). £ (GeV) £ (GeV)
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| | | | | | | | | | | | | | | | | | | | | | | | |
4% scale uncertainty on cross section limit - J/y-007 PRELIMINARY | — J/y-007 .

o 1 GlueX 2019 90% |~

— . T299.99997% (50) exclusion _

RESULTS AND IMPLICATIONS £ | :

Cross-section at the resonance peak g [ j

for model-independent upper limits 5 -
n - — 90% exclusion

of magnitude below GlueX limit. 0 4 5

Results are inconsistent with reasonable © ' J/p-007 PRELIMINARY | I J7v-007 50% -
assumptions for true 5-quark states. JAp-007 99.99997% (50)

2 S GlueX 2019 90%

\

Door is still open for molecular states, but
will be very hard to measure in

photoproduction due to small overlap with
both yp Initial state and J/wp final state

o(yp — Pc(4440) — J/ p) (nb)
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4% scale uncertainty on cross section O,25X1O._b..|....|....|....|....|.... 0_15X1.O._b..|....|....l....l....l....
COM PAR'SON ~ J/p-007 PRELIMINARY ® Jn-007 Setting1 - J/p-007 PRELIMINARY o Jnp-007 Setting2 -
- Midaassaeses Aaaanaace e . O JPac pomeron — B AMiMaacianas e . ® JPac pomeron N
0 2—_ g setting 1 B o setting 2 ]
WITH T-CHANNEL _ °2- § g - 3 | _
MODEL s 3 8o 1 3013 | -
QO015— "} ili] % -1 9 - Ll My | - -
CALCULATION £ | % o1 8 ™ 38 -
LL B i} T - _
S 0.1 : - s ° -
Measured 1D results 3 F ¢ 1 $0.05- : -
show decent agreement  © , ,sF ¥ 1 ° ﬁ : ]
with predictions from the ! ¢ : - 6 -
JPac Pomeron model o) I R R RS 0 N S B LY VA R
: 3 8.5 9 9.5 10 10.5 11 3 8.5 9 9.5 10 10.5 11
(constrained by old world E (GoV GoV
data + GlueX 2019 . Y . R
results) x' L L L I_I o 30x' L L L I.I o
- J/y-007 PRELIMINARY e J/hp-007 Setting 3 7 - J/p-007 PRELIMINARY e J/y-007 Setting 4 -
8 — AMAdaasasa e Aaaa . o JPac pomeron —] N AMiAtanaasnes e e . O JPac pomeron N
- ] setting 3 - | setting 4 |
Largest deviations at — [ & 1 ~ L & '; _
. > —=[ > —=[ i
lower energies R 1 & O g [[[ﬂ]ﬂ[[m]]: ! B
% : ....... IEY (IGe\I/) ....... : % | B IIEY (IGe\I/) ....... | % _
To get more sensitivity to 5 4 105 | ° H@ i
details in the near- § - 5 i - E 101 H + -
threshold cross section, 2 +%+ ii - i +O + % i
we need the 2D cross - % Jp?ii + - i ooéH )
i i ] | SR oK N W ST R R SRR RS 4 b SR
sgctlon results (see next % 8.5 9 9.5 10 10.5 11 % 8.5 9 9.5 10 10.5 11
slide) E, (GeV) E, (GeV)
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MORE J/W¥Y RESULTS

. Jp-007 PRELIMINARY 9. 55GeV <E, < 9 70GeV J/p-007 PRELIMINARY 10. SOGeV <E, < 10 45GeV
2D cross sections will S|
provide access to the £ ||
matter radius of the proton |= |«
It-t...| (GeV?)

Independent muon and electron S i
channels (only electron results - B setting 1 1 -
shown) e |

4 = setting 4 ]
Largest dataset (>4000 counts) < ™
of J/y produced with a real ol ]
photon beam = ol _
First 2D J/@p cross section - -
results near threshold ] -

O ; —
2D analysis in advanced state, 8 85 9 95 10 105 11
results expeoted soon. E, (GeV)
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ORIGIN OF PROTON MASS AND THE MATTER

STRUCTURE OF HADRONS




X. Ji, PRL 74,1071 (1995) & PRD 52, 271 (1995)

PROTON MASS: REST-FRAME DECOMPOSITION

Disentangling the proton mass in its rest frame

= Proton mass is the matrix element of the
QCD Hamiltonian in the proton rest frame

Hocep = /dngOO(O,f) —d
At leading order:

— H,+ H,, + H, + H,

Trace a(u) related to PDFs, well
Anoma’y constrained

m29%
79 b(u) related trace anomaly,
O % .
unconstrained
m 34%

24 S. Joosten Argggplgmg ‘ 75
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CAN WE PROBE THE QUANTUM ANOMALOUS ENERGY?

..Quarkonium production near threshold!

» J/Y and Y(1S) only couple to gluons, not light
quarks

= Sensitive to gluonic structure of the proton

= Trace-anomaly operator twist-four:
= Highly suppressed in high-energy scattering

» QCD Factorization not yet established

= Solution found in low energy scattering
(production near threshold)

= In VMD: anomaly might be related to quarkonium-proton
cross-section near threshold in the forward limit.

= In large-mass QCD factorization, related to the gluonic
form-factor near threshold.

7R U.S. DEPARTMENT OF  Argonne National Laboratory is a
: : Y U.S. Department of Energy laboratory 2 5 A 7 5
2 =]
"*'!.,»__”4 EN ERG managed by UChicago Argonne, LLC. . OOS e n rgon ne
NATIONAL LABORATORY 1946-2021



FUTURE SOLID EXPERIMENT AT JLAB

Ultimate experiment for near-threshold J/y production
» General purpose large-acceptance spectrometer
= 50 days of 3uA beam on a 15cm long LH2 target (1037/0m2/s)
= Ultra-high luminosity: 43.2ab"
= 4 channels:

o Electroproduction (e,e-e+)
o Photoproduction (p,e-e+)
o Inclusive (e-e+)

o Exclusive (ep,e-e+)

SoLID J/y event

=

side view

front view

It-t | (GeV?)
min

It-t | (GeV?
min

SeLiD

IIII|IIII|IIII|IIII|IIII| IIIIIIII
- SoLID SIMULATION =

i It-tminl versus W (21k events)

e(p),e+e- (J/y electroproduction)

4 41 42 43 44 45 46

W (GeV)

i It-tminl versus W (804k eve

IIII|IIII|IIII|IIII|IIII| IIIIIIII
- SoLID SIMULATION =

(e)p,e+e- (J/p photoproduction)
nts)

4 41 42 43 44 45 46

W (GeV)
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SeLiD

SOLENOIDAL LARGE INTENSITY DEVICE

FUTURE SOLID EXPERIMENT AT JLAB

Precision measurement of quarkonium near threshold

| T 1T | T 1T | L | L L L | [ T T 171 | T T 71 | T 171 | T T 171 T T 71 T 171 |
,L SoLID SIMULATION | | SoLID SIMULATION i}
e, J/v Production 1E_ Jny Production
E '90'98 GeV < EY < 1000 GeV E T 1T 1 | T T 1 | T 1T 1 | T 1T 1 | T T 1 | T 1T 1 | T T 1 | T 1T 1 | T T 1 | E _&??_Gev < EY <10.07 GeV E
PRI e, - = SoLID SIMULATION e electroproduction e(p)+ee - 10 - .
>k o ] . i > . 1
I " : 10 & Production o photoproduction (e)p+ee — 3 | ™ :
£, 2l oo, _ - o  exclusive ep+ee = S, 2L T i
- M ‘ : — 7 =1UE +4 + E
SR R : - - 3 f :
3 [ * * | o _ I i
107 T T E . - 10 E
10%=  ® photoproduction (e)p+ee = a 1 = = 1074 ;— e electroproduction e(p)+ee _;
= | I | | | I | | | I | | | I | | | I | | 1 1 1 . : : E [ [ | | | Ll 11 [ | | | ]
T S S S - - S B S S S S
It-tminl (GeV?) @) B _ It-tminl (GeV?)

[ T T 171 | T T 171 | T T 171 | T T 171 | T T 171 T T 71 ] — [ T T 171 | T T 71 | T 171 | T T 171 | T T 71 T 171 ]
,L SoLID SIMULATION | ;L SoLID SIMULATION |
= J/y Production - 1 0—1 | | = J/y Production ]
E. 8.81 GeV <E, <8.91 GeV . — R Sewaallnhotor rOdUCtiOn = - 8.39GeV< E,6 <8.58 GeV .
o e - B s GlueX photoproductio = 10 = o -
S f t., : i —— 243-gluon fit i S I T, :

Fe) L 2% 2 re) +
102 E £102 + =
% ; + ; 1 0—2 I I | | L 1 1 1 | I I | | I I | | L 1 1 1 | I I | | I I | | L 1 1 1 | I I | | -:g ; ;
S - 8 85 9 95 10 105 11 115 12 125 3 | -
| ? E, (GeV) ; ;
1074 = ° Iphotoprcleuctionl(e)p+ee | | E 1074 = ° Ielectrop||'oductior|1 e(p)+eeI | E
O | I | 1 | I | 2 | I | 3 | I | 4 | I | 5 1 1 1 6 O | I | 1 1 1 1 2 1 1 1 3 | I | 4 1 1 1 5 1 1 1 6

lt-tminl (GeV?) |t-tminl (GeV?)
4.1, R U.S. DEPARTMENT OF _ Argonne National Laboratory is a
(Z)ENERGY 05 srpinie 27 S. Joosten Argonne & |75




SeLiD

SOLENOIDAL LARGE INTENSITY DEVICE

QUANTUM ANOMALOUS ENERGY MEASUREMENT
Projected impact of SoLID

= "Sweet spot” to extract quantum
anomalous energy (to minimize

theory uncertainties): 4.0 \
&= SoLID JPsi Projection ||
- Stay away from threShOId aS tmin IS ] Wang et a. o H+  GlueX Fit (R. Wang et al.)
too Iarge L $3.01 0281 I SoLID Jiy electro-production
(‘Véu {  SoLID Jiy photo-production
Stay below open charm thresholds g ** 0261 [ SOLID Jiy Systematic Estimate
S 20-
= Scan the sweet spot where the J/y ¢ §j°-24- |
8 1.5 xx s % 833333}

amplitude factorizes into a short-

I 0.22
d|Stance part descnblng the E U [ [ DYTOIIORUUURIROUOPOIVUR. o ARRNURIRR N .
polarizability of the ccbar and the 0.5-
matrix element of the EMT operator .| N1~ O8]
y , -04 -03 -02 -01 00 01 02 03 04 05 80 85 90 95 100 105 11.0 11.5 12.0
= D. Kharzeev, “the mass radius of trace anomaly b E, (GeV)
the proton”, arXIV:21 01 001 1 O [hep' GlueX extraction from R. Wang, J. Evslin and X. Chen, Eur. Phys. J. C 80, no.6, 507 (2020)

ph]
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D. Kharzeeyv, “the mass radius of the proton”, arXiv:2101.00110 [hep-ph]

MASS RADIUS <ol ID
Projected impact of SoLID

Dipole Form A(k) = %
to

0.64 ) '
<4+ Fit for GlueX Data | -+ Rp, SoLID J/w Photo-production Projection

0s2{ ¢ SoLID J/y Electro-production -+ Ry, SoLID J/w Electro-production Projection

. ¢  SoLID J/y Photo-production R, Lattic QCD (Shanahan-Detmold 2019)
= - I : -+ R,,, Holographic QCD with GlueX (Mamo-Zahed 2021)
< 058 | -4 R,,, Dipole Fit with GlueX (Kharzeev 2021)

© + } { } { } } e -+ Rc, Latest e — p scatt. (PRad 2019)
0.56
—— R, CODATA-2018
203388880 ¢¢d¢ddddvsssaaps s
0.54 4
1.200 -
—e—

1. 175"

1.150 ~ } L { —@—
S 1.125 - : & :

oA
1.100-}}}{}}}}}}
1.075 A {
0890000000 90sssssssassnsaapsn e
1.050 -
8.5 9.0 9.5 10.0 10.5 11.0 115 0.45 050 055 0.60 065 070 075 080 0.85  0.90
E, (GeV) fm
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S. Joosten, Z.-E. Meziani, PoS QCDEV2017 017 (2018)
O. Grynyuk, S. Joosten, Z.-E. Meziani, M. Vanderhaeghen PRD 102, 014016 (2020)

Y(1S): AN IDEAL GLUONIC PROBE?.

Threshold measurement possible at EIC g
- Y(1S) only couples to glue in proton, threshold ~ °.. T . n”ﬁ oty
production ideal probe to probe quantum K Fhvueu FUOTRIVOUOURTTOOOR: [y i voseu POUURTRTOVIONRTIONT: [ 4ot voces VRIORTIOOTINNT:
anomalous energy in proton. e e
+ Can use both quasi-real production and oL -
electroproduction at larger Q2 e
+ Can go to near-threshold region i3 E
_ 107 E
S F -
» Y(1s) production possible at threshold! o107 e quasireal production
» Are there a "beautiful” pentaquarks? 10-3% o Cziéyd"suz i;if;ilerhaeghe%
* Sensitivity down to ~10-3 nb! 10-4 - o H1quasireal _
& o LHCb UPC =
-5 L | Loy | | Lo | |
' 10 10°

e ® U.S. DEPARTMENT OF  Argonne Nat ional Laboratory is a
d : ENERGY U.S. Department of Energy laboratory 30
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See EIC YR (arXiv:2103.05419 [physics.ins-det])

PROJECTED IMPACT OF UPSILON AT EIC

From t-distributions to the quantum anomalous energy

EICY 10 on 100 GeV (100 fb~1)
$ 10 <W < 16 GeV
10-1 M ¢ 16 <W <22 GeV
T N ¢ 22 <W <28GeV
() Sa. S
Q NGO
= s S B
= = %
S
$10-2 b
0.0 0.2 0.4 0.6 0.8 1.0
—t [GeV?]

ne National Laboratory is a
. Department of Energy laboratory
e UChicago Argonne, LLC.

0.32 :
¢ EICY100n 100 GeV (100 fb~)
0.30- -4 GlueX Jiy, R. Wang et al. (2020)
¢  SoLID Jiy Projection
028‘ :
0.26-
< oo } ° 0
§ 0.24
= T 4 ———
0.22 "\ [ e 10 <W < 16 GeV
5| ,’ = 16 < W < 22 GeV
\ ;’ - 22 <W < 28 GeV
0.20' , ] '\l [ \
0 0.009 0.004 0.\5/(;5
0.16 M./M, Uncertainty
Wpres's 6 7 8 9 Wire 20 30
W [GeV]
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https://arxiv.org/abs/2103.05419
https://arxiv.org/abs/2103.05419

O. Grynyuk, S. Joosten, Z.-E. Meziani, M. Vanderhaeghen PRD 102, 014016 (2020)

PROJECTED IMPACT OF UPSILON AT EIC

Constraining the Y scattering length

Good sensitivity to scattering length and binding
energy for multiple nominal EIC configurations.

100 i ' ' ' R 100 i ' ' ' R
- 100n 100 [GeV] ? - 180n275 [GeV] | Setting Ty, (0) ay, (in fm) By (in MeV)
— —x R — _— s L2 - /:i;‘% 1 0 ~() ~()
T 107 P { 10! e —; 20.5 4 0.9 0.016 =+ 0.001 0.78 4+ 0.03
¢ P e Gt ' 87 + 2 0.066 + 0.001 3.23 + 0.06
3 — g S = 2 0 ~0 ~0
= ://1/ "}} < _— ,'f
= = 20.54 1.9 0.016 =+ 0.001 0.78 4 0.07
? 10 f _______ =0 ? =g T To = 0 87 +4 0.066 =+ 0.003 3.2340.16
= —— Tp =205 = —— Tp=205
3 — Ty=87 3 — Ty=87
S 1073 I EIC, (Ip=0) | S 1073 { EIG (Th=0) |3
EIC; (Tp = 20.5) |1 EIC; (Tp = 20.5) |1 . .
b oe | L me s || |Itis essential to use the mass of heavy
104 . e 104 . e quarks and the Q2 range as knobs for
12 14 16 18 20 22 24 12 14 16 18 20 22 24 . .
W [GeV] W [GeV] our theoretical understanding of the

Setting 1: 10 on 100 GeV

Medium-energy configuration

| Laboratory is a

4”7"%, U.S. DEPARTMENT OF _ Argonne Nationa yi
5 EN ERGY U.S. Department of Energy laboratory
R managed by UChicago Argonne, LLC

Setting 2: 18 on 275 GeV
High-energy configuration
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reaction mechanism at threshold and
the extraction of the anomaly, or the
mass radius of the proton.
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This work is supported by the U.S. Department of
Energy, Office of Science, Office of Nuclear Physics,
under contract DE-ACO02-06CH11357.

SUMMARY

Near-threshold electro- and photoproduction of
quarkonium
Origin of proton mass, trace anomaly of the QCD EMT

Gluonic Van der Waals force, possible quarkonium-nucleon/nucleus
bound states

Do quarkonia enable pentaquarks to exist?
Mechanism for quarkonium production itself

Direct calculations of trace anomaly and gravitational form factors important
towards understanding proton mass. Precision data on quarkonium
production near threshold will be necessary to benchmark these calculations.

Statistical precision (reach to high t) will help avoid systematic uncertainties of
the extraction of the anomaly, mass radius and scattering length

Jefferson Lab and EIC are truly complimentary to address these topics!
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significance (no)

o(yp — Pc(4440) — Jhp p) (nb)

| T T T T | T T T T | T T T T [ T T T T [ T T T T
- Jhp-007 PRELIMINARY | —— Jhp-007 ]
Y GlueX 2019 90% ||

— 99.99997% (50) exclusion

Jhp-007 99.99997% (50) | |
21— S GlueX 2019 90% —

1. : : 4
o(yp — Pc(4457) — J/p p) (nb)

Hall C J/@p-007 experiment sees
no evidence for hidden-charm
pentaquarks in photoproduction
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QUARKONIA NEAR THRESHOLD: A RAPIDLY
DEVELOPING FIELD!

© Argonne & |75

NATIONAL LABORATORY 1946-2021



