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Large Hadron Collider (LHC)

+
CMS

LHC provided rich data with different collision
system and energy to explore phase-space to
new extreme

Collision | Approx. Lumi
System

2008 27km

LHC

7 TeV

p-p 150 fb'! (13 TeV), 20 fb-1 (8 TeV),
SPS 5 b (7 TeV)
450 GeV 5pb! (2.76 TeV)

Other low stat data with specific run
conditions i.e. reference run, pileup,
detector

p-Pb 180 nb-! (8 TeV/nucleon)
35 nb! (5 TeV/nucleon)

1959 628m

PS

26 GeV

1978 33m

<
LINAC2

50 MeV Pb-Pb 25 nb! (5 TeV/nucleon)
150 ub! (2.76 TeV/nucleon)

LHC has associated experiments to study the Xe-Xe 13 mb-! (5.44 TeV/nucleon)
collision outputs
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Physics terrain with LHC

v SM and Higgs Physics

v" Direct & Indirect signature of physics beyond SM

v" Quark-gluon plasma
v' B-Physics

v' Low-x and Forward Physics

Soft QCD
(particle spectra; underlying event)
&® I
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M
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CMS pp |s = 13 Tev, nf:'" > 105
<p, <3 GeVic T

H1 and ZEUS
—

Small-x QCD

(forward jets)

InQ

(b)

Q=10 GeV?

o 7
DGLAP
! &

o
o
e

saturation

BFKL

In 1/x

Ramandeep’s talk

High mass {

Scope of this talk




Exclusive Processes: incoming particles (one or both) are intact (and

usually pass through undetected), interactions happen between radiated particles; t-
channel exchange.

A Exclusive/semi-exclusive processes

Double-pomeron ( \‘
exchange/
Diffractive proces § QED P photo-production

: -‘\\.- _--—"-—---—

: R

5 : Iy, Y, 2
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Exclusive Processes: incoming particles are intact (and usually pass

through undetected), interactions happen between radiated particles; t-channel exchange
of a colorless objects such as pomeron, photons

Double-pomeron
exchange/
Diffractive proces

Exclusive/semi-exclusive processes

| \

* QED “standard candle” process. * Access to scalar and tensor glueballs.
* Test of QCD, hadron spectroscopy. e Constraining (indirectly) BSM phase-space
* Sensitive to PDF at low-x

01/06/2020

Need excellent central and forward detectors
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CMS

CMS DETECTOR STEEL RETURN YOKE

‘Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0m
Overalllength  :28.7m
Magnetic field  :3.8T

SILICON TRACKERS

et B Excellent central hybrid detector;
smcowvernnasouon. Jedicated to SM/BSM measurements

MUON CHAMBERS
Bacrel: 230 Drilt T'ube, 480 Resistive Plate Chambers
Eadcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~ 16m? ~ 137,000 channels

FORWARD CALORIMETER
Steel + Quarts, fibres ~2,000 Channels

CMS central detector I

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PhWO, crystals

Hadronic Forward (HF)

HADRON CALORIMETER (HCAL}
Brass + Pastic scintillator ~7,000 channels

v" HF, CASTOR add in forward acceptance
but with limitations w} < T =gl

v CT-PPS recent addition to tag scattered , :
protons.

oy Q2 Q3

T

[ CMS: red & blue |
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Muon Detectors Eleclromagneuc Calorimeters
“ T Excellent central hybrid detector;
' dedicated to SM/BSM measurements

Solenoid

arged particle density |

' ‘ \\ End Cap Toroid

dN/dn g
©

Pythia v6.319

) ) BCM
inelastic

Barrel o«:»d . Inner Detector . : B
L Hadronic Calorimeters Shietding

4
wn TYTY]Y'YIIYT'l]'YIII'IYIT']l"YT]"YY[ITYTI‘IIYl

1 a0 s
N
Diffraction/Proton Tagging Region
o =~
Tracking : RP C/TAN
: | (e TAs |, & OO

i
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ALICE

Forward detectors

sree seunoun N

V0 1.7<mm| <3.8 and-5.1<|n|<-25

AN

Interaction trigger, centrality trigge
PMD pre-shower det. gas rejection. Two arrays of 72 sciny

U readout via fibers

FARRRRRRRRAR AN

\
\

ANNNAN)
——

|/ U

SI-FMD Multiplicity and™a
1L.7=m<34 and =51-=mn<:1.7

Silicon strip detectordisks (slow readout)

T, forthe TOF (=50 p
12 quartz counters.
Alsobackupto VO
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LHCDb

M5 M4 M3 M2 Excellent forward coverage;

HCAL ECAnlﬁ RICH2 MAGNET dedicated for b-physics

131211

L~ hole radius
Station B2 47mm hole radius
;o atz=-1140m { 61 mm
* - hole dimension

&_ o @ ~ 54 x 115 mm
HeRSChel forward detector _ :
installed recently L
Station F1
atz=20.0m
Station F2
atz=114.0m
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Forward Physics and LHC acceptance

[Ty |
= 10°F |
% - p-p@14TeV | pr#* =\s/2 exp(-n)
O ./ |
D 3 =
Single Diffraction = 10 = ‘
p (gap) . S
o
Double lefractlon =
. (gap) - © 102; /
- ~1447m
CEP elastic .
(gap) (9ap) 10 f-f
p P = N N
: l;" ; ~140m-240m-420m
CEP inglasti ;
W N it ;
E [Y W w 0
e v 200l B :g . q
p | Elastic Scattering p i 2
-1 ' :
(gap) 10 I A O T T N R W
J _ 108 64 -20 2 46 8 10

Measurement of exclusive processes require;
v tagging of proton (limited availability of detectors)
v' look for gap (small activity)
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Pb Pb®

Measurements covered \Qf:/ y

Light-By-Light Scatterings /Oi\ ;

Exclusive J/y production

(other measurements of low mass resonances are not covered)

Exclusive dilepton (low and high mass) production

(with and without proton-tagging)

Measurements sensitive to gluons saturation (BFKL vs DGLAP)

Disclaimer: this talk contains only selected results
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Light-By-Light Scattering

- Light-by-light (yy — yy) scattering
- Forbidden at tree-level

- Tested indirectly in electron/muon g-2
measurements

- Another examples:
Delbruck scattering and
photon splitting processes

- This reaction is accessible in Pb+Pb
collisions at the LHC
= Cross-section scales ~with Z4

- Initial photon-photon system has
very soft pr (< 0.1 GeV)

- At high energies, proposed as a
clean channel to study:
- Anomalous gauge couplings
- Contributions from BSM particles

01/06/2020

p.Pb

d’Enterria et al.
PRL 111 (2013) 080405

Klusek-Gawenda et al.
PRC 93 (2016) 044907

p.Pb

g

p,Pb

p,Pb

107 1 |IIII|I‘ T T 1 IIIIIIl[

| IIIII 1 IIILIII 1 LI
elementary
~ Cross sectlon

10° S
: 'YY - 'YY
104 .......... ;,.: ...... ..... N \>\ ..................... .................... ......... to tal ................
10° BN . leptons
: . quarks
102 frerene "W“‘b;OSOﬂS“'
10
Lo
[ region probed
10 w1th LHC ——* SN
107 measurements i
o3 Do v vl 1 | Coond NN
107 107 10" 1 10 10 10°
s (GeV)



Light-By-Light Scattering

Yy — ee(yy) background event candidate

* Simple event topology

v Back-to-Back photons:\
E:>3(2) GeV
p" <2 (1) GeV

Acc. <0.01
\ ) PbPb 390 ub™' (5.02 TeV)

0 16L .
§ 1;— L 1] E:ia{ Y = vy (MC) CMS
/\/ Veto on Extra activity:\ g 100 % gigigj:x?;ger bkg
- No tracks with S 10f
pr> 0.2 GeV -

- No calorimeter tower
above noise threshold

- _/

o 002 004 006 008
DlphotonA
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Light-By-Light Scattering

Significance Measured Cross-section
Observed

Events / GeV

18
16
14
12
10

o N A O o0

ATLAS

CMS

8.2 (6.2) o

4.1(4.4) o

5
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ATLAS Preliminary
Pb+Pb |s, = 5.02 TeV

- Data 2018, 1.7 nb™
|| Signal (yy = vv)
[CICEP gg — vy
Elyy —ee
£ Sys. unc.

78 + 13 (stat.) + 7 (syst.) + 3 (lumi) nb
(50 + 5 nb)

120 + 46 (stat.) + 28 (sys) + 4 (th.) nb
(138 + 14 nb)

PbPb 390 ub™' (5.02 TeV)

§25_
0 - —i— Data CMS
O [ [ LbyLyy—yy(MC)
2 20¢ ] CEP (gg — v 7) + other bkg
=~ [ [JeEDyy—e'e (MC)
2 151
C -
a) =
TR e
10
5
i |||||||.;; (
OO 2 4 6 8 10

16 18 20
Diphoton Invariant Mass (GeV)
14



PbPb 390 ub™ (5.02 TeV)

Light-By-Light Scattezigg

8 ; Esti (MC) CMS
[ [ L - y ’Y Y _> Y Y
(see e.g. Knapen et al., = | [ Jeebyy—e'e(Mo)
PRL 118 (2017) 171801) £ 151
oo
101
5~
On_ _______________ e e —_
CMS «log| linear scale — . 12 14 16 18 20
n _ Sa— Diphoton Invariant Mass (GeV)
e*e’ -2y (OPAL)
.
s i o3y (OPAL) | PPoTls) . .
10 | Constrained additional
A A phase-space at low mass (5-90 GeV)
i E ONA A NN 7
FE e (Ref.: A
= Nature Physics 13, 852—858(2017)
10 -V~ PRL 123, 052001 (2019)
dumps - PbPb (5.02 TeV) — vy, observed
et b Lo PEPE GORTON) 1 xponed. \Pﬁ 797, 134826 (2019) J

10% 107 1 10 20 30 40 50 60 70 80 90 100
01/06/2020 m, (GeV) 15



Exclusive J/

v" Exclusively two muon events
v" Exclusivity conditions
* Herschel detector (LHCD)
* Veto on the VOA, ADA, ADC (ALICE)

v" Cross-section falls at forward rapidities,
reproduced by NLO calculations

v" None of the calculation equally describe the

central and forward measurements; indicate scope

of improvements.

— Or 3
E sf E
s ¢ E
S = =
], = 1
N H
& S5E f
3% 4 E
3 §_ [ JMrTLO —é
2 - [ 'MRTNLO E
1E  —— LHCb (f5=13 TeV) E
S I =

0 ) 3 4
J/y rapidity
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| ates per 10 MeV

. r T T T T T
—e— LHCb ({s=13 TeV) °
Total fit !
------ Nonresonant background

>

Selected|

' "LHCb 3

—— CEP-enriched dimuons
-------- Inelastic-enriched J/y
e More than 4 tracks

3000 4000
Mass(u*u) [MeV]

wlobn b b bn i bl

10 )
log(xHRC

~

do/dy (mb)
a

‘.II‘llIII|IIII|IIII|IIII|IIII

ALICE Pb+Pb — Pb+Pb+J/iy |5 =5.02 TeV .-~

[=] ALICE coherent J/y

- - - - Impulse approximation
------ STARLIGHT

—— EPS09 LO (GKZ)
- LTA (GKZ)

SR IIM BG (GM)

— — IPsat (LM)

— . BGK- (LS) =y =
- - GG-HS (CCK) -~ E’//)

SR

-4 38 -36 -34 32 -3 -28 26 24 22
y

16



Exclusive J/p

v' Photoproduction cross-section as a function of W (yp energy), explores
kinematic range 1-2 TeV
v Models provide good description at low W but fails at high W.

W varies with gluon density

— 1073 — —_———rr 102 107 107 107 )
'Q 10 - I | i o 103 L ' | I L ' | I M | I ' | I
= x Power law fit to H1 data 3 £ [ ® ALICE
— C . e ¢ ALICE (PRL113 (2014) 232504) =
E U — JMRT NLO prediction 1 3 e i i
> i T v ZEUS é‘Q-Q Qo )
T 49' O LHCb pp (W+ solutions) ¢‘Q¢’q -
Q_l 02 | %’ O  LHCb pp (W- solutions) ._._._.41;'-’;*;' -7
bk LHCb (Vs= 13 TeV) ,
= LHCb({s=7TeV) - L oL ——— cet E
¢ ¢ ALICE _ ——————— JMRT NLO
TT.-.--" . Hl N . ngRBLFIiET param.
IT LlIl [ v ZEUS CGC (IP-Sat, b-CGC)
10 E_ 1 Fixed target exp. _E |
C Ll I L L L L L L L1 I T % é *
107 10° s 1k
WIGeV] & i
R T R TS 7423 2
g 3 P ;
. S 09F L s
There are many other results with ook s ;
. 07k x
different system and resonances not . . .
. 20 30 40 50 60 10? 2x102 10°
discussed here W,, (GeV)
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Exclusive dilepton

v" Dilepton events with mass off Z-peak

N 2500_| L | 1 1 1 | T T 1 I 1 T 1 I T 1 T 1 1 1 T
/ . . o e . 8 1 :
Excluswn}/ conditions: track veto & S [ 126ev<m, <7cey ATLAS L
acoplanarity cut & 2000 fs=13TeV, 32107
v’ Single- and double dissociation background & ool b Dat ;
. . . . B w B ]
1s irreducible: estimated with template fit. : [ Exclusive pyui (post ) ]
1000:— |:| S-diss yy—u*u (post-fit) —
‘% 108 AITLAS | - ‘%';Qé B?(t?\lch model. uncertailnty B - D-diss yy—p'w + 2/7*_4;“-;
> _ 1 I Z/y opw r N
w , ,F Vs=13TeV,3.2fb 1 Multijet 500 ]
10 — é/y*—)f‘c’ = ]
6L Baseli lecti O D_diss 7yl - - i
10 Frone ST . S-diss 1yt (postft) ettty b, |5, 01010701010.0.0 - 01010.0.01F
105 4_. (1 Exclusive yy—u*u (post-fit) O 1 2_ T | T T
: S 12- E
~ 1:0 OLA.LJ.J.‘$$* |ll | l| ll
o PYLJL N AR AN I 40 4 SR B B T|T+T |T H
8 08 ' +

0 001 002 003 004 005 006

i 12 GeV <m,. <70 GeV u'u acoplanarity

or my.,. > 105 GeV

PLB 777 (2018), 303-323
| PLB 749 (2015) 242-261
2 l 3 4 5 67 891I0 20 30 40 JHEP 01 (2012) 52

Tracks associated with dimuon vertex

Data/ MC
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Exclusive dilepton

v’ Measured exclusive dilepton cross-section below the Z-peak;

underestimated by simulations

Survival factor

; 0.3 T T T | T T T T | T T T T T T T T | T T T T I T T T T | T 1T 1 T & 1 .4 — T T r T T T T T T —
i ] I C e ATLAS 13TeV,12<m ., <70 GeV
8 g — ATLAS 1 ® 130 o CMSVE=7TeV,m, >11. 5Gev -
S 025 j_ 's=13TeV,32f" - s - ATLAS 4 ATLAS {5 =7 TeV, m . >20GeV -
S - ¢ Data 1 2 - v ATLAS(s=8TeV,m. >45GeV
+§ 0.2~ — I Stat. uncertainty — b 1.2 - —— EPA + finite-size correction B
e - F Stat. @ syst. uncertainty ] - e SuperChic2 .
D 0.15F + ] 1.1 I Stat. uncertainty N
= EPA ] - F Stat. @ syst. uncertainty
-8 co SuperChic2 ] 1:_ Theo. uncertainty _:
0.1~ smmzmezen —— EPA + finite-size correction ~ ' ---- = FooT .
C I Theory uncertainty i - ]
0.05[ = 0.9F- } E
: | | I I | | | | | | I | ? 111 1 111 . 0_8 :_ T % _:
o . . - N
® 1.2 - .
2 14 0.7 =
o 1 - 7
-qc) 0 9 — 1 1 1 1 1 1 1 1 —
=70 1020 30 40 50 80 70 10° 2x10°  3x10° 5x10° 107
m,. [GeV] <m.->/ Vs

v" Absorptive Correction factor increases with mass.
v" Finite size parameterization correctly describe the measurements but SuperChic2

mis-model by 10-20%

01/06/2020
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Exclusive WW

Y oW
Y AN W_
v vy 2 WW production gives a handle to measure aQGC ) -
v' e + u final state is experimentally clean final state
v" Exclusivity condition is met with veto on extra tracks.
% CMS 5.1fb" (7 TeV) +19.7 " (8 T

. - CMs 19.7 fb' (8 TeV) o 0002FME 511 (7 TeV) + 19.7 fb" (8 eY_)

§ 120 = . Data %’ - Acutors = 500 GeV

( B vY = WW (a/A%=1.5*10", alV/A?=0, A ;=500 GeV) O - 1

100 __ Yy > WW (an/A2=2*10'6, aV/A?=0, no form factor) a: 0.001 - |

] SMyy>WW [l EWK WWqq =, i i

80— MM Diffractive WW [l W+jets © i ]

_ [l Elastic yy — 1t Inclusive diboson - .

60 I Inelastic yy — Tt |l Drell-Yan ‘ 0 __ ——

- B : ]

a0k 77 Stat. uncert. in simulation - s

L s |« Standard model ]

20— | —8TeV i

= ‘ | — 8+ 7 TeV i

”“’*””’—*—”” L. | 8+7 TeV 1-D limit ]

0 . | 1 | 1 1 | 1 | | 1 1 | 11 -0 002 \ | ! I \ 1 | | I | \ L ! I L ! |
0 1 2 3 4 5 6 ' -0.0005 0 0.0005
Num. extra tracks alV/A? [GeVY]

v’ First evidence of yy > WW with 3.4 ¢ consistent with SM predictions.

v" Used to constrain aQGC parameter space. JHEP 1608 (2016) 119

PRD 94 (2016) 032011
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Exclusive dilepton (CT-PPS)

CMS CT-PPS
——— 0 / \
= S P s T | R e P F s 1 e —
= mm@ o IM_L TAN — =
B i — . NN W el
I I 19.05 N T ] S—
e 2218m
203.827 m
21255 m
215078 m
21571 m
21955 m

. CT-PPS detects scattered
. proton at ~200 m from
* interaction point: interesting P p

| possibility to look for T

* actual exclusive processes

(with medium to high mass) K .

Rapidity y

b p

need special run with high 3 JHEP 07 (2018) 153

1 10 10° 10° 10*

mieevi (]imited data available)

¢ Low mass coverage [ -
Ref.: ]

21
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Exclusive dilepton (CT-PPS)

a =1-Ao(up)|/n

CMS+TOTEM 2016, L=9.4fb™", (s =13 TeV

CMIS SImUIatlon’yg =13 Tevl - . pp—)pu+llp r-\ 02 \ LA L L L L L L L L I B
1 | @ pp - pu'pp* S 4 CT-PPS left arm E
I pp - pu'up* e No acceptance for any RP .
- B . 0.16 [ No acceptance for near RP i
101 LSS .+ I Drell-Yan pp ' -e— Matching I'I” events =
R = 0.14 —&— Non-matching I'I” events ]
= ' -5 Out of acceptance I'I” events .
-2 5 -'.-.'-. - - - -;'- - T 0.12 _:
10 AR L DI — -4 Red: wu~
Haets: - 0.1 Blue: e'e” —
2 R 7 + -
10 g e — —
p o = 0.08 . == .
1 . ' 3 ." — & e
N T _ 0.06 . ~£_ — .
107 " = . —A— -
: = 0.04 A ]
v = 0.02 3+ - - .
1 . -
10°° ' — [@ 5 orah .
Tl L Lo oa gl " PR e | " 2oa o3 aaaal .: 0 ANINNNN 1 :_ |||||||1||||||11|||||_

10-3 1072 10! 1 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Distance between closest track and dimuon vertex (cm) E(RP)

Exclusive selection:

track veto (CMS only)
proton-tagging (CMS + CT-PPS)  &(£7¢7) =

01/06/2020

Fractional Momentum loss

72 [P 4 pr(e)esn )
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Exclusive dilepton (CT-PPS)

CMS+TOTEM 2016, L =9.4 fb", Vs =13 TeV

5 S0 o UL :i | | | O
250 e Eptipu‘u‘p (rroww) - ’ * H N
% 200%— é F‘jﬁ:_g'i}:;-(g;ﬁ?) —% 4 \\\ nee —;
. N | v
% 21: sed‘o‘ \\\\\ Y] No acceptance _:
g 00: 100 200 300 400 500 600 700 - : \\\\\\\\\\\\\\ %I izzzz::: :: z:ll g::/F —E
§ m(WH_) (GeV) : I |:| Doluble-arm acceptance I E
o III”1I02 II I“”‘IIOS [l IH”1IO4

m('l") (GeV)
e 12 events have £(uu) consistent with RP acceptance® and matching with the
proton kinematics

e 8 events have £(ee) consistent with RP acceptance and matching with the
proton kinematics

e Background: 1.49+0.07(stat)+ 0.53(syst) pu; 2.36t 0.09(stat)+0.47(syst) ee

e Combined events > 5.10 over background
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Jets Correlations

Mueller-Navelet jets (Forward-Backward jets): sensitivity to shower evolution and
BFKL/DGLAP at larger rapidity gap

Eur. Phys. J. C72, 2216 (2012)
CMS, pp, Vs =7 TeV

% 5 _l 1T I LI I T I T ! LI I rrT I rrTT I rrTT I T I_
- 2010 dat ]

oc Z_E N dijets B
4.5 PYTHIAG Z2 §

= p.>35GeV ]

[ ceecncenen PYTHIAS8 4C T -

4F lyl <4.7 .

[ <= i=eie HERWIG++ UE-7000-EE-3 :

T - HEJ + ARIADNE ]

3.5 F auneas CASCADE E
3k =
2 E
2 7T T

: R :

1.5 5_._".:'.'.'5 i —T T —

1 :l | | | | | I 1 | | | .| I | | | . I Ll I | | | | I | IF

o 1. 2 3 4 5 6 7 8 9

Ayl

Pythia (DGLAP) describe well but
non-DGLAP predictions fails at

higher rapidity
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JHEP 08, 139 (2016)

CMS 41 pb™ (7 TeV)

A\ | T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I I_

8 [ [®JDpatA i

- | == HEJ+ARIADNE |

8 g IETTTTE PYTHIA6 Z2 )
5 = = PYTHIA 8 4C

o 1 ===+ HERWIG++ 2.5
== SHERPA 1.4
e NLL BFKL

IIIIIIII
||

10"

IIIIIII

Mueller-Navelet dijets
6<Ay <94

P;>35GeV, lyl <4.7

|

-2 I | | l | I I | I I | I I 1
10 0 0.5 1 1.5 2 2.5

3
A¢, rad

NLL BFKL gives best description: hints
of transitions to BFKL regions?
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Gluon density with CAST

f
J
f

{

|

HF-calorimeter

CASTOR: very forward (-6.6 <n <-5.2) A
calorimeter, (no tracking) |
v" Can explore very low x ~ 10> — 106 1l

v" But limited availability i | P
v" Results on particle production/ b i_ e
correlations, jet cross-section + o i

p+Pb |s = 5.02 TeV 3.1 nb"
CMS anti-k (R=0.5) -6.6<n<-5.2
----- HIJING ® Data by

RN
o
»H

CASTOR

Sys. uncertainty

do/dE [mb/GeV]
LR

-—
<
N

o
L

e ] (HIJING (DGLAP with shadowing effect) gives
' ' ' | best description; other fails by a factor 2 at higher
energies

—
LUmRLL ma

Ratio
-

QQ

N o

1

1000 1500 2000 2800
lear rt/rejection of BFKL
JHEP 05 (2019) 043 E [GeV] No clear support/rejection o
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Context with EIC

v' LHC explore low-x phase space upto 10-° with range of collision energies
and system.
- Collective behavior at large multiplicities = gluon saturation
- Azimuthal anisotropy and correlations as flow distributions which
increases with PbPb system
- Exclusive productions with the usage of forward detectors

v" EIC will complement LHC with new c0111s10n system eA
v’ Clean and controlled environment to 103} Curont polrzed 15 gt
extract x and Q? :

[ Current polarized BNL-RHIC pp data:
L @PHENIXT® ASTAR 1-jet

<

)

v’ Forward detectors of EIC can explore £
the phase-space uncovered by the C
limitation of the LHC experiments
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Summary & Outlook

» LHC: rich dataset for extensive physics programs including
low-x measurements

» A flavor of the LHC physics program on the exclusive processes is
presented

» Looking forward to all success for EIC
—> to have robust understanding of nucleon and nuclei

TManlectt



