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About 100 years after the discovery of the
atom and the proton

We know atomic structure so well, that we However, the internal structure of the
define “time” using electronic transitions: proton is
Current accuracy known to only about 20-30%
~1 sec in 220 Million years \NHY'P ~20 minutes in an hour...!

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur



The answer lies in the difference in the forces that are at play
iInside the atom vs. that inside the proton...

We will try to understand why, and what needs to be done
to understand the proton (& neutron...& nuclei) better

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur



Standard Model (SM) of physics
Fundamental building blocks and the forces of nature

Quarks & gluons : ; 18 Nopel
have color charge: Prizes since
hence interactions: 1950
quantum
chromodynamics
+
2015 Gravitational waves

Einstein

gravity
July 19, 2021 K ésa] for High Enr Pyisscie, tchniques

and tools @ MNIT, Jaipur



What constitutes visible matter?

Big Question:
o Can we understand
nano Scale how the visible matter is formed from
e Increasing the smallest elementary building
resolution blocks(quarks)

Visible matter: Protons & neutrons
Proton  Building blocks — not visible: quarks & gluons

Femto-Scale

: ~10-15m [ " [ L]
. Atomic interactions mediated by neutral
photons = no self interactions
Ao s, 109 0 b Inside the proton interactions are mediated
by the color charged gluons = self
July 19, 2021 Karyashala for High Energy Physics science, techniques interaCtionS 5

and tools @ MNIT, Jaipur



Study of the constituents of matter: inside the atom

A Nucleus is made of nucleons:

5 NUCLEUS protons and neutrons

g

o2 Nucleons are complex objects made of
Reveal < Proton Neutron . .
more & & quarks bound together by self interacting
more ¢ |/ @ &) S O gluons, carrier of Strong Force:
details 3 Theory of Strong Interactions:

o @ G. Quantum Chromodynamics

v Z”Y"" All elementary building blocks

\f‘%&ﬁ can be characterized by their
~" mass, spin and charge

Karyashala for High Energy Physics science, techniques
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What distinguishes Quantum Chromo-Dynamics
from Quantum Electro Dynamics?

g = q + anti-quark

A u

(gluons) g
in QCD

Quantum Chromodynamics

Color Charge of gluons

Au Enables self-interactions

Quantum Electrodynamics




Proton mass puzzle It is like saying:

1+1+1=300

Frangois Englert Peter W. Higgs .

e g
Nobel 2013 Quarks ) Mass = 168x10%" g
“Higgs Boson” that gives mass Mass = 178x10 g

to quarks, electrons,....

Mass of the 3 quarks : 1.78 X 10726 grams <€ This mass comes from HIGGS mechanism
But proton’s mass is 168 x 1026 grams

=>only 1% of the mass of the protons, neutrons from Higgs mechanism
=>\Where does the rest of the mass come from?
=>» energy of gluon-quark interactions!

Karyashala for High Energy Physics science, techniques
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Emergent Dynamics in QCD

Without gluons, there would be no nucleons, no atomic nuclei... no visible world!

» Massless gluons & almost massless quarks, irough their interactions, generate most of the
mass of the nucleons, nuclei and.... The visible world! -- How exactly? Not known.

» Gluons carry ~50% of the proton’s momentum, a significant fraction of the nucleon’s spin, and
are responsible for the dynamics of confined partons: -- How exactly? Not known.

* Properties of hadrons are emergent phenomena resulting not only from the equation of motion
but are also inextricably tied to the properties of the QCD vacuum. -- How exactly? Not known?

* Nucleon-nucleon forces emerge from quark-gluon interactions. -- How exactly? Not known!
Experimental insight and guidance crucial for complete understanding of ~Aow hadrons & nuclei

emerge from quarks and gluons

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur



Deep Inelastic Scattering (DIS)

The best technique to understand the internal structure of protons, neutrons
and the nuclei.

July 19, 2021

Karyashala for High Energy Physics science, techniques
and tools @ MNIT, Jaipur
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Study of internal
structure of a
watermelon:

-
g —

......

A-A (RHIC/LHC)

1) Violent
collision of
melons

2) Cutting the watermelon with a knife
Violent DIS e-A (EIC)

Karyashala for High Energy Physics science, techniques
and tools @ MNIT, Jaipur
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vV - (h/27)(1/Q?)

= -
Q h = constant
REMNANT A = wavelength
P Y i Q2 = momentum
CURI‘?‘:’% transferred

o A'-Q =

Deep Inelastic: (A << Proton Size)

Karyashala for High Energy Physics science, techniques
and tools @ MNIT, Jaipur

July 19, 2021



—
BROOKARVEN .Lg[fergon Lab

Electron-lon Collider

at Brookhaven National Laboratory

Conceptual Design Report
2021

BNL-EIC

1212.1701.v3
A. Accardi et al
Eur. Phy. J. A, 52 9(2016)

For e-A collisions at the EIC:
v Wide range in nuclei
v Luminosity per nucleon same

For e-N collisions at the EIC: Hodeon Storoge Ring
v’ Polarized beams: e, p, d/3He

v' e beam 5-10(20) GeV

— Hodeon Injector Complex

B Electron Storoge Ring

v Luminosity L, ~ 103334 cm2sec e Elocion Infecior Syncheotron e-p
v’ 20-100 (140) GeV Variable CoM ¥’ Variable center of mass
energy

The Electron lon Collider
World’s first Polarized Qlecht[qopﬁgqrggrgr;(ylight iopegnd electron-Nucleus collider

aryashala y SI€¥ science niques 13
and tools @ MNIT, Jaipur
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Three important quantities....

 Resolution of the probe (electron/virtual photon): = Higher the Q?, smaller the distance scales we
can study (smaller the 1) = higher the Q?, smaller the AD> higher the resolution

h 1
A _ — ¢ —
21 ()2
, o Pquark
 Momentum fraction of the quark/gluon inside the proton: £ = ————
Pproton

« S = square of the Center-of-Mass Energy S — (Center of Mass Energy)2 — 4. Ep - B,

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur
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Energy s

Resolution
>

log Q2

ogx X =Momentum fraction

* Low-x reach requires large Vs
* Large-Q2 reach requires large s
e y at colliders typically limited to 0.95 <y < 0.01

Karyashala for High Energy Physics science, techniques and tools @ MNIT, Jaipur 15



+ EIC: NEW Kinematic reach & properties

c
fe)
5
6104 L Current polarized DIS ep data:
()] ; o CERN ADESY o JLab-6 O SLAC k] JLab-12 YYVYYVYVYVYVLYY
&J Current polarized RHIC pp data: . .
jgp [ PHENX" + STAR Tt ¥ Wbosans For e-N collisions at the EIC:
< v’ Polarized beams: e, p, d/*He
(0] .
S el v' Variable center of mass energy
T v" Wide Q2 range - evolution
ol v" Wide x range = spanning valence to low-x physics
1k A
E 10 Measurements with A = 56 (Fe)

1073

10
Momentum fraction x

o eAMA DIS (E-139, E-665, EMC, NMC)
® vADIS (CCFR. COHSW,. CHRORUS, NuTeV)
DY (ETT2, EBEB)

For e-A collisions at the EIC:
v Wide range in nuclei
v Luminosity per nucleon same as e-p
v’ Variable center of mass energy ,_
v" Wide x range (evolution) | oo
v Wide x region (reach high gluon densities)

*cev’Resolution =

.."‘ L AL
.

N

10 0! 1

Karyashala for High Energy Physics science, techry - 0.
July 19, 2021 o to0ls @ MNIT, Jaipur ‘Momentum fraction 16
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Deep Inelastic Scattering: Precision and control

e (k) 2 2 N2 MeasireiEn
Kinematics: O =-q"=—(k -k ) casUnees
®) W W resolution
e
2 ower
> 0'=2E E'1-cos® ) P
e e e
’ '
— Pq =1 Ee 2 Be Measure of
y= - COS | 7| inelasticit
pk E 2 Y
e
> X (p,/) Qz Qz Measure of
. . P(p,) X = — momentum
High lumi & acceptance fractionles
_ p) S raction o
A\ Exclusive DIS P9 A4 struck quark
detect & identify everything e+p/A =2 e’+h(m,K,p,jet)+...
y everything e+p (,K,p,jet) Hadron
Semi-inclusive events: E
e+p/A > e’+h(m,K,p,jet)+X 7= _k 5P, withrespecttoy
detect the scattered lepton in coincidence with identified hadrons/jets v t
Inclusive events: -
| E+p/A9e'+X S_4Et Ee
Low lumi & acceptance detect only the scattered lepton in the detector
July 19, 2021 Karyashala for High Energy Physics science, techniques

and tools @ MNIT, Jaipur



QCD Landscape to be explored by a future facility

QCD at high resolution (QZX—weakIy correlated quarks and gluons are well-described

Q*(Ge Strong QCD dynamics creates many-body correlations
CAQuarks between quarks and gluons
-§ Gluons -> hadron structure emerges
o«
A
~ 2 & | Systematically explore correlations in this region.
N 8 §5
i s = s
s & ¢
'(2 o
: .g 8, o
X 8 '%47’ 22 An exciting opportunity: Observation of a new regime
© 2 % % 3 in QCD of weakly coupled high-density matter
g' g Pomerons?
o Regge trajectories? Y
patonpensity .~ Need Precision and Control

July 19, 2021 .l. é @ é O shala for High Energy Physics science, techniques

and tools @ MNIT, Jaipur



Dynamics of gluons

Higgs mechanism

Proton

EIC Physics at-a-glance = | @ ...

~1% of proton mass

How are the sea quarks and gluons, and their spins, distributed in
space and momentum inside the nucleon? How do the nucleon
properties emerge from them and their interactions?

How do color-charged quarks and gluons, and colorless jets, interact
%W with a nuclear medium? How do the confined hadronic states emerge
from these quarks and gluons? How do the quark-gluon interactions

create nuclear binding?

What happens to the gluon density in nuclei? Does it 4
saturate at high energy, giving rise to a gluonic matter with ~ gluon ' gluon
emission recombination

universal properties in all nuclei, even the proton? ,
Karyashala for High Energy Physics science, techniques Z’;’ = :: 20

July 19, 2021 and tools @ MNIT, Jaipur



Proton Spin Crisis/puzzile v & ﬁ t"ﬁ‘

0.17 +/-0.03 9 0.03 +/- 0.5 3

[Qspin + Cgang.mom.] + [Gspin + Gang.mom.]

1

| I EIC: 5 GeV on 100 & 200 GeV
g_ EIC: 20 GeV on 250 GeV.
(D -
- i
S 05
o -
S
a i
o i
o -
c -
s Of
—
> i
Qo i current data
-.E i (global analysis)
O -05
(@) L
c 2
& Q° =10 GeV
= i All uncertainties forAy>=9
(D _1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1
0.15 0.175 0.20 0.225

Karyashala for High Energy Physics science, techifQu@rk Contribution to Proton Spin

and tools @ MNIT, Jaipur 21
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Courtesy: Alssandro Bacchetta




2+1-Dimensional Imaging Quarks and Gluons

Wigner functions W(x,b,k)
offer unprecedented insight into confinement and chiral symmetry breaking.

W (x,bpkr)
2 d2k
space space
f(x,kp) f(x,bt)
images from semi-inclusive scattering + 1D (longitudinal momentum)
- Transverse Momentum Distribution images from exclusive scattering (Deeply virtual

Compton scattering and meson production)
-> Generalized Parton Distributions

momentum and position distributions = Orbital motion of quarks and gluons

Karyashala for High Energy Physics science, techniques
July 19, 2021 and tools @ MNIT, Jaipur
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2+1 D partonic image of the proton with the EIC

Spin-dependent (2+1)D momentum space images from Spin-dependent 2D coordinate space (transverse) + 1D
semi-inclusive scattering (SIDS) (longitudinal momentum) images from exclusive scattering

Transverse Position Distributions

7 g v - 1%
Quarks vl Gluons:
. Only @
Motion T+ — T+ —
\=¢ ¢ Collider
p i p i

Deeply Virtual Compton Scattering
Measure all three final states

e+p>e+p+y

Transverse Momentum Distributions

Fourier transform of momentum
transferred=(p-p’) = Spatial distribution

Quark’s 2D momentum distribution Sea quark's? 2D position distri'bution
unpolarized polarized

d quark

0.5 0 05 05 0 05

July 1 k,(GeV) k (GoV) ‘nergy Physics scienf;z_gn tgqﬁgﬁsqye% by (i) by (fm) () (Zo‘g‘X)gesut;Q4
anu wols @ MNIT, Jaipur

S S
<15 -1 05 0 05 1 15 15 -1 05 0 05 1 15 3 o o



Study of internal
structure of a
watermelon:

A-A (RHIC)

1) Violent
collision of
melons
2) Cutting the watermelon with a knife
Violent DIS e-A (EIC)
3) MRI of a watermelon

. - Non-Violent e-A (EIC)

July 19, 2021 Karyashala for High Energy Physics science, techniques

and tools @ MNIT, Jaipur



Gluon and the consequences of its interesting properties:

Gluons carry color charge =» Can interact with other gluons!

“..The result is a self catalyzing enhancement that leads to a runaway growth.
A small color charge in isolation builds up a big color thundercloud....”

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

A

w7 Infinity?

—
L No!

M A
AAA

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur
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Gluon and the consequences of its interesting properties:

Gluons carry color charge =» Can interact with other gluons!

“..The result is a self catalyzing enhancement that leads to a runaway growth.
A small color charge in isolation builds up a big color thundercloud....”

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

gluon gluon

emission el recombination
iw i,: e
ﬁ Satu of Gluons

00, ““: 000008
"“‘ 000000 .\.‘“
2: iala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur



m 5 In search of a new state of matter!

) \

CTEQ 6.5 parton
3.5[ distribution functions
Q* =10 GeV?

What could tame the low-x rise?

Can EIC access this region?
e QCD inherently has the needed mechanism for this
‘ taming but we don’t know when it gets triggered.

w
(=)

-

i : gluon gluon
3 emission recombination

wm.gi’: At Qg

Observation of gluon recombination effects
=>|s there such new state of matter?

e
o

—

9
5
-
el
3
L

b
[$,)
T

[ TR
[ =)

Ni\A .

Momentum Fraction Times Parton Density
N
[=

O . PREPRPRIEI | rda '. J “ "
0.0001  0.001 0.01 0.1 1.0 - “Color Glass Condensate
Fracti f O P M Carried by P : . :
raction of Overall Frofon Nlomentum amed by Faron 3 50-100 times higher energy density than the core
Experimental evidence needed of the neutron star
July 19, 2021 Karyashala for High Energy Physics science, techniques 28
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4.0p

CTEQ 6.5 parton
3.5} distribution functions
E Q% =10GeV?

gluons .

_ Low x physics with nuclei

3.0k

0 . —
0.0001 0.001 0.01 0.1 1.0
Fraction of Overall Proton Momentum Carried by Parton

Momentum Fraction Times Parton Density
N
(=]

AN2 2 e
@~ 03| 4]

Boost

A R~ AVS
Q3(x) L~ (2myx)y1>2R, ~A
{ ag <1
pQCD '
N evolution Accessible range of saturation scale Qs ? at the EIC with e+A
g equation collisions.
= o ; arXiv:1708.01527
' > i
; x <0.01
saturation V i \/
non-perturbative region ag~1 _ EIC Smax = 40 GeV (eAu)

o

In x

gluon gluon 300 ey [JHERATER]
emission recombination _ _
+———— perturbative regime¢ —»

At Qg Provspeesperpinpineiapei b des e oo e e
]

EIC Vs, = 90 GeV (eAu)

0 0.5 1 1.5 2 2.5
Karyashala for High Egergy Physics science, techniques 2 GeV2
affd s MNIT, Jaipur Qs ( ) |29

July 1y, zuzi




Nuclear PDFs: Different than protons & neutrons

1.5 —

Fermi-
motion

antishadowing

EMC-

0.6 effect

shadowing

opis(nucleus)/ops(nucleon)

02

Ratio of F, Structure
functions of heavy vs.
light nuclei

July 19, 2021

C D
F,%F,)

1.2

OEMC 4AE136

1.1 F
*NMC ¢ E665 ®

1

0.9 |

0.8 |

0.7 |

0.6 |

0.5
0.0001

0.01 0.1 1
X

No data available at
low-x where the
behavior of n-PDFs
might teach us a lot
about g-g interactions

0.001

Karyashala for High Energy Physics science, techniques
and tools @ MNIT, Jaipur

sgig™

167 = TR
x

Example of improvement
gluon distribution
uncertainty in Au-nucleus
from the EIC data to
existing nuclear PDFs
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Emergence of Hadrons from Partons

Nucleus as a Femtometer sized filter

Unprecedented v, the virtual photon energy range Energy loss by light vs. heavy quarks:
@ EIC : precision & control _ 150 \
§ 1.30 +
§ «F g 1.10 +++
Study in light quarks B |-w..____+i+++ﬂ 77777777
e Vs 3 090
heavy quarks £ 070] = Pions mocery )
6 £ — Pions (model-Il)
b _E_ ® DO mesons
:
0.30 JLdt=10fb"

0.0 0.2 0.4 0.6 0.8 1.0
Fraction of virtual photons energy

Control of v by selecting kinematics; carriod by hadron. 2

Also under control the nuclear size. . . ..
Identify 1t vs. DO (charm) mesons in e-A collisions:

(colored) Quark passing through cold QCD matter emerges Understand energy loss of light vs. heavy quarks
as color-neutral hadron = traversing the cold nuclear matter:

Clues to color-confinement? Connect to energy loss in Hot QCD

Need the cllider eneray,of FIG and.its centralonpacton kinematics

July 19, 2021 and tools @ MNIT, Jaipur
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Luminosity (cm™@ s™")

EIC Physics and the machine parameters

. . . . —~10%
CM vs. Luminosity vs. Integrated luminosity . o Faciis & Expermont
A A 51 ol e I Pt Coliiders
: 2 = B s c I:I Collider Concepts
e § 10%7 ; - Past Fixed Target
1034 - — 100 > g % |:| Ongoing Fixed Target
. G -— 7
‘7’ - 10% = D EIC Project
o} E
C =
S 10%
.3 - LHeG/HE-LHC
= e C/HE-
10%° o= -1 10 o) 1034; FCC-he
L, = LHeG/HL-LHC
@ C
o 10¥ = coumpass LHeG/CDR
Q E  HIAF-EIC
g Internal Land§cape q £ 102 ; BCDMS
10% 18 of Nuclei = =
3 - « IR I
c 103"~  HERMES NMC
| | E g HERA (ZEUS/H1)
O 50 100 150 7\\\\\\\\ Lol Lol |
10 10° 10°
e-N Center-of-Mass Energy [V(Z/A) GeV] s (GeV)

The US EIC with a wide range in Vs, polarized electron, proton and light
nuclear beams and luminosity makes it a unique machine in the world.

32



Physics @ the US EIC beyond the EIC'’s core science

Of HEP/LHC-HI interest to Snowmass 2021 (EF 05, 06, and 07 and possibly also EF 04) = Interesting to High Energy
Physicists at LHC
New Studies with proton or neutron target:

» Impact of precision measurements of unpolarized PDFs at high x/Q2, on LHC-Upgrade results(?)
» What role would TMDs in e-p play in W-Production at LHC? Gluon TMDs at low-x!

» Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi of HERA

» Does polarization of play a role (in all or many of these?)

Physics with nucleons and nuclear targets:
» Quark Exotica: 4,5,6 quark systems...? Much interest after recent LHCDb led results.

» Physic of and with jets with EIC as a precision QCD machine:
* Internal structure of jets : novel new observables, energy variability, polarization, beam species
« Entanglement, entropy, connections to fragmentation, hadronization and confinement
 Studies with jets: Jet propagation in nuclei... energy loss in cold QCD medium

» Connection to p-A, d-A, A-A at RHIC and LHC
» Polarized light nuclei in the EIC

Precision electroweak and BSM physics:
6/11/21 « Electroweak physics & searches beyond the SMeParityaichrarge symmetry, lepton flavor violation



Consensus Study Report on the US based

Electron lon Collider
July 2018
IUAN ASSESSMENT OF
U.S.-BASED ELECTRON-ION
COLLIDER SCIENCE Summary:

The science questions that an EIC will answer are
central to completing an understanding of atoms as
well as being integral to the agenda of nuclear
physics today. In addition, the development of an EIC
would advance accelerator science and technology in
nuclear science; it would as well benefit other fields

ICé i of accelerator based science and society, from
>y <4 A e medicine through materials science to elementary
Lompelling, fundamental particle physics

and timely

Karyashala for High Energy Physics science, techniques and
July 19, 2021 tools @ MNIT, Jaipur 34



Key Partners Mark Launch of Electron-lon Collider Project

https://www.bnl.gov/newsroom/news.php?a=117399 R A T8,

with applications in national security, human health, and more

September 18, 2020

Electron-lon Collider Project Launch

Replay of Electron-ion Collider project launch event at Brookhaven Lab, September 18, 2020

6/11/21 35
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New tools of the physics of the future.... State-of-the-art Detectors

Possible to get ~100%
acceptance for the
whole event

n beamline

Electro

]

‘e
.
G
.
.
G
G
.
G
G
.,
Yo,

Total acceptance detector (and IR)

Crossing angles:

eRHIC: 10-22 mrad

July 19, 2021 Figure Courtesey: Rik Yoshidayashala for High Energy Physics science, techniques j| E1C + 40-50 mrad
’ and tools @ MNIT, Jaipur
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nigh@2
" medium rd tracker layout

in tracking/calorimetry/PID for [n|<4

ion (Roman Pots, ZDC, etc)
Q?tagger)

volume N

e (mmmm ) p/A z — — "
4 10x100 GeV Do " 3—:5'105 " g_ '4<']<4 i [20 . 1780]
Q2> 1 GeV? ek . %’W: : .é— .1% 'eve|)
s 8 F § 3
= ® [ L -
8 . 3 | } (<20 um or so)
5 ] | resolution
5 ey 44 f} Il(hr separacfiL‘;: >§?;

1 10 10°
momentum (GeV/c)

Two

rapidity

ng, time-line, need for complementarity,
July 19, 2021 Karyashalaa&] QQpé:rbrgermii‘pgiénce, techniques

and tools @ MNIT, Jaipur



Conceptual DETECTOR

_— HADRON CALORMETER ENDCAP
| _— ELECTROMAGNETIC CALORIMETER
4 '/,,..— PRESHOUER CALORIMETER
~_— CERENKOV COUNTER T
_ | TRANSITION RADIATION DETECTORS 1
-~ | o . SRR _— BARREL EM CALORIMETER K
/ P — DIRC :
J = i 7z ol SO.ENOD |

RiICH DETECTOR
— BARREL HADRON CALORIMETER

——— TRANSITION RADIATION DETECTORS
A \ ) i\ : P T PRESHOWER CALORMETER L
| : ' —— ELECTROMAGNETIC CALORIMETER

———— HADRON CALORIMETER ENDCAP

i i i i 38
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Reference Detector — Backward/Forward Detectors

JLIIy 1

far-backward far-rorward
detectors crep.pF
. detectors  _ = s 5,
- aa S 'S :g.
il 3 <rab_ﬂ§ % Forwasd §§ 5 = 2 =
0.0 1 S -
¥ T ' ,__~
E -0.5 4 crab_pR g = 38 E crab _eF
-1.0 1 }Q; %g w“,< - = ——
-1.5 1 ~ e s 38 s & 5B ] = e
5% 32 5 M3 2 B %
<
-2 0 4
-0 o 20 &0
z tm) B2pf dipole
\!»
e~ \
Extensive integration of (som;emj/ i ~ R
inside pipe B1pf di
forward and backward ik i
detector elements into the et g P
) Boapf dipole
accelerator lattice e
= comi rom IP
u; 1:% D T % 5 ° Karyashala for High Energy Physics science, techgiques " BO Silicon
, 202 renbhed and tools @ MNIT, laiguc —
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CCe: 101

77 inst

fO rwar cryogenic chimney

electronics rack
support platform

instrumented flux return

ECCCifar

hadronic calorimeter
EM calorimeter
intermediate-momentum

icle ID : :
Based g innin
superconducting solenoid high-momentum J g
Of EIC hadronic calorimeter BRI 3
EM calorimeter — forward tracking
ECC E central tracker precision vertexer E | C
- P/A —»- - S
: luminosity monitor Roman pots
phySIC low @ electron tagger low-angle spectrometer
(“Dete1 EM calorimeter W Qeta
forward particle ID See afterncon talks by:
Yulia Furletova
forward tracki . .
ECCE R g Tom Hemmick ion is
barrel particle 1D Sasha Bazilevsky
best s¢ Alex Jentsch
detector support carriage Barak Schmookler
(and contributed talks)

ECCE is open to all to participate - freedom of choice to also work on other proposals

40



A new EIC experiment at IP6 at BNL Q

(((@))

* ATHENA

A Totally Hermetic Elec%n-Nucleus Apparatus “

Qnew EIC experiment at IP6 at BNL

SCIENCE REQUIREMENTS
AND DETECTOR
CONCEPTS FOR THE
ELECTRON-ION COLLIDER
EIC Yellow Report

Welcome

Up to 3T magnet

w

YV VYV VY

ATHENA pre-collaboration is open to the whole EICUG community
Web-page: https://sites.temple.edu/eicatip6

Mailing lists:_https://lists.bnl.gov/mailman/listinfo/

Join EIC@IP6 on Slack: link

The coordination committee: Silvia Dalla Torre, Abhay Deshpande, Olga
Evdokimov, Yulia Furletova , Barbara Jacak, Alexander Kiselev, Franck Sabatie,
Bernd Surrow

Institutional board, charter committee, proposal committee, Working Groups
for detector and physics in place.

94+ institutions contributing to the effort

5-100 n000
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https://sites.temple.edu/eicatip6
https://lists.bnl.gov/mailman/listinfo/
https://join.slack.com/t/eicip6/shared_invite/zt-nsocbr8y%20~lrhqi8We6FjV1CmnmVVTQ

ATHENA being integrated with farword/backward detectors into a
single software package for full simulations (DD4HEP)
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h-endcap

CORE: a COmpact detectoR for the EIC SO ot cone I

' = = _

gl

® CORE is a hermetic general-purpose detector that e

fulfills the EIC physics requirements. = | =Ll [ -
« outlined in the Yellow Report. White Paper, etc. ; = ‘F_:W\Q:H | I

T[T r[r]r l |! | ” | ' | !

® The compact size has several advantages, including. 2

 higher luminosity for all c.m. energies
« reduced cost allowing investment in critical components

Main systems

® New 2.5 T solenoid (2.5 m long, 1 m inner radius)

® Central all-Si tracker (+ GEM in h-endcap)

@ PID: DIRC in barrel, dual-radiator RICH in h-endcap,
LGAD TOF in e-endcap

® EMcal: PWO for n < 0 and W-Shashlyk forn >0

® Hcal and K -u (KLM) detectors integrated with the h CORE in Geant
magnetic flux return of the solenoid

P. Nadel-Turonski



CORE pre-collaboration



https://eic.jlab.org/core

Physics at Low CM-High Lumi IR: A separate detector?

« Aim: to produce a White Paper to highlight the science
at the EIC with a high-luminosity at low-CM energy
Interaction Region.

* DES, SIDIS, Jets, HF, Spectroscopy, various

researches with light nuclei

» Contact: Volker Burkert, Latifa Elouadrhiri, AD

« Conditions from the Call for proposal for the 2"
detector:

* D2/IR2 complementary to D1/IR1, physics focus
beyond EIC WP, and possibly modified IR2 design
(compatible with IR1 and machine operations)

» Series of Center for Frontiers In Nuclear Science
Workshops: 15t @ CFNS, 2" @ ANL-CFNS, 3™

APCTP=CFNS, 4h CNF-CFNS (DC).

6/11/21

EIC at FNAL Tea
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Recent machine development and studies
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Possible to get high luminosity by only adjusting

magnetic polarities of near-IR magnets

Annual Integrated Luminosity [fb']
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https://www.stonybrook.edu/cfns/

The EIC Users Group: EICUG.ORG

Formally established in 2016, now we have:
~1300 Ph.D. Members from 35 countries, 254 institutions
New members welcome

EIC Institutional Board

® North America Asia Europe m Africa South America

EICUG Structures in place and active:

EIC UG Steering Committee, Institutional Board, Speaker’s
Committee, Election & Nominations Committee

Task forces on:

-- Beam polarimetry, Luminosity measurement

-- Background studies, IR Design

Year long workshops: Yellow Reports for detector design

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL

oo o Pt e ot Stomy BrooK/BNL (2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020),
enter ror rrontiers In Nuciear >cience (a ony broo UCR&VUU(ZOZ]_), Warsa_w (2022)

EIC? at Jefferson Laboratory

Karyashala for High Energy Physics science, techniques

and tools @ MNIT, Jaipur 46
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http://eicug.org/
http://www.stonybrook.edu/cfns/
https://www.eiccenter.org/eic-center-jefferson-lab
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‘New directions in science are
launched by new tools much more
often than by new concepts.”

Freeman Dyson
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R. Ent, T. Ullrich, R. Venugopalan
Scientific American (2015)

A. Deshpande
& R. Yoshida
June 2019

E. Aschenauer
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New Tools: Electron lon Collider

‘ <« N

Karyashala for High Energy Physics science, techniques and
July 19, 2021 tools @ MNIT, Jaipur




Detectors Planning: Path forward

* 3 Detector pre-proposals + 1 White Paper(?))
* Due date : December 1, 2021

* Independent external committee appointed by the Lab Managements
will evaluate and advise the Labs and EIC project : modifying, merging &
rejection of proposal...

e Under all circumstances: ALL Users will be accommodated

 Current expectation Project Detector (D1) Selection : Q1FY22
 Detector Project complete Q4FY31: Ready for CD4A start of operations
« 2"d detector(?) about 2 yrs behind the 15t? Complete by CD4



July 19, 2021

PrOJect Schedule (being finalized)
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CD4A start of
| operations

CD4 Start of
physics
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Summary

» The EIC will be a unique facility to address some of the most profound
unsolved problems in QCD. It will explore in great detail the precise role
gluons play in QCD dynamics using polarized beams and a range of nuclei
colliding with electrons.

* BNL, Jefferson Lab working as partners, supported by the US Department
of Energy and the world-wide Users are well poised to realize the EIC and
start exploring the EIC science early 2030’s

/4

« Considering the age profile of the group attending this meeting in Jaipur: This
machine isgcor YC?J Wef ﬁoyj; ymf? mafe the fu[fe(?t use of it Byg entﬂusjgastica[fy

Joarticfpatmg in its realization and then the yromise of its Science....

Karyashala for High Energy Physics science, techniques

July 19, 2021 and tools @ MNIT, Jaipur
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