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Quest for the fundamental structure of matter

Molecule ‘
V . ﬁ@

Nucleus

What’s in there?

What are we made up of?
What is the "smallest™?

What is “fundamental”’ that can’t
be divided further?

National Academy of Sciences, Consensus Report on the US EIC
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Studying smaller and
smaller things...

Fixed Target Particle
Accelerator E |
Wave leagth: 0.01 fm (20 GeV)

Resoluti

- alectrons

Detect Highly accelerated electron, muon or
etector hadron beams impinge on a target
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What distinguishes QCD from QED?

QED is mediated by photons (y) which are charge-less (and couple to charged particles)

QCD is mediated by gluons (g), also charge-less but are colored! = can interact with
themselves, and colored quarks
gln QCD

g mm)  OnlyinQCD

A n

C.p B,v

Nonlinear growth in g-g interactions...
Bring richness and complexity to QCD
Experimental guidance always needed
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Emergent dynamics in QCD & its significance

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. (Striking examples besides
confinement are phenomena like spontaneous symmetry

breaking and anomalies).

Without gluons, there would be no nucleons, no atomic nuclei...

no visible world!

Experimental insight and guidance needed
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Proton mass puzzle

eROSITA All-Sky Survey

© Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A.
Mahmoud Mahmoud

Francois Englert Peter W. Higgs

Nobel 2013 With

Francois Englert Quarks

“Higgs Boson” that gives Mass =178x10%°g

mass to quarks, electrons,....

J.Sanders/H.Brunner/eSASS/MPE/E.Churazov/M.Gilfanov/IKI SRG/eROSITA

Add the masses of the quarks (HIGGS mechanism) together 1.78 x 10-26 grams
But the proton’s mass is 168 x 10-26 grams
=> only 1% of the mass of the protons (neutrons) = Hence the Universe

=»\Where does the rest of the mass come from?
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Discovered by EMC experiment at CERN

Spin “Crisis” = Spin Puzzle Sluon's contibution measdred by RHIC
i e
. ~25% ~25%
5 — [Qspin + Qang.mom.] + [Gspin + Gang.mom.]
? ?

Left/right asymmetries in p-p & e-p scattering =» transverse motion of quarks
This, coupled with finite size of the proton must create the orbital motion (?)
Is this also connected to the mass?
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Parton Distribution Functions from H1 & ZEUS :

Deep Inelastic Scattering from the HERA Collider
(1992-20006)

Would this growth of low-x gluon continue?

T T

CTEQ 6.5 parton
3.5F distribution functions
Q? =10 GeV?

HERA — world only e*p collider

27.5 GeV

gluons -

- DESY, Hamburg,"°‘rmé1ny i
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How does a Proton look at low and [§iilii energy?

Time >
| Low energy: High x \\‘\ ”~ ;‘i \“\V ) ~
fézﬁf; S o Regime of fixed target exp. o N ;" - Ll\ | ‘éf’ L
PSS oo =~ e
2 (',::)c(: ’Ouool:P‘ N(1)01 ‘mco.wedhyp nm | | e . WMW}
|. aYad N Yad A

At high energy (i.e small-x): Cartoon of boosted proton
- Wee partons fluctuations are time dilated in strong interaction

time scales
- Long lived gluons radiate smaller x gluons =» which in turn g: Gluon splittin

radiate more... a chain reaction leading to a runaway growth? PIHNG
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About 100 years after the discovery of the
atom and the proton

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

~1 sec in 220 Million years

WHY? Because of the gluons
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EIC Physics at-a-Glance

= Eur. Phys. J. A52 (2016) 9, 268 arXiv:1212.1701 (nucl-ex)

How are the sea quarks and gluons, and their spins, distributed
in space and momentum inside the nucleon? How do the
nucleon properties (mass & spin) emerge from their interactions?

How do color-charged quarks and gluons, and colorless jets,

§ interact 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?

How does a dense nuclear environment affect the

quark- and gluon- distributions? What happens to the %

gluon density in nuclei? Does it saturate at high gluon gluon
emission recombination

energy, giving rise to a gluonic matter with universal :i o

properties in all nuclei, even the proton?



CONSENSUS STUDY REPORT

AN ASSESSMENT OF
U.S.-BASED ELECTRON-ION
COLLIDER SCIENCE

‘ v%ﬁpelling, fundame

and timely

11/29/2023

National Academy of Science, Engineering and Medicine

Assessment July 2018

Physics of EIC

- Emergence of Spin

- Emergence of Mass

- Physics of high-density gluon fields

Machine Design Parameters: YNGR
- High luminosity: up to 1033-1034 cm-2sec p——TTy
- a factor ~100-1000 times HERA for NUCLEAR SCIENCE
Broad range in center-of-mass energy: ~20-140 GeV

Polarized beams e-, p, and light ion beams with flexible
spin patterns/orientation

Broad range in hadron species: protons.... Uranium

Up to two detectors well-integrated detector(s) into the
machine lattice

EIC at the 2nd EIC Korea Workshop 2023 13
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A-A (RHIC/LHC)

1) Violent
collision of
melons

A \ '-F—1~ 101 ] g
ey | ;-..i r +4 [

EIC at the 2nd EIC Korea Workshop 2023

Study of internal
structure of a

watermelon:
e LT

'V_I:TI o’
f’rl‘rfiai;

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

14
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Deep Inelastic Scattering: Precision and control

Kinematics: e k) ?=—g* ==(k -k')* Measure of
) | e Q 1 ( M “) resolution
(Y
> 0 =2E E'1-cos® ) P
. e e e
Y (q) , ,
y= _pq =1- Ee COSZ & Measure of
> X (p, ) pk E 0] inelasticity
P(p) e
Qz Qz Measure of
High lumi & acceptance X = = momentum
O\ Exclusive DIS 2pq sy fraction of
detect & identify everything e+p/A = e'+h(n,K,p,jet)+... struck quark
Hadron :
Semi-inclusive events:
e+p/A > e'+h(r,K,p,jet)+X E, _
detect the scattered lepton in coincidence with identified hadrons/jets Z=——3p, withrespectto?y*
\%
Inclusive events:
L s=4E, .

Low lumi & acceptance detect only the scattered lepton in the detector
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- [ ] [ ] . [ ] %

t EIC: NEW Kinematic reach & properties &
ie) Py
5 7 . £
(—3104 L Current polarized DIS ep data: {;
N F OCERN aDESY oJLab-6 O SLAC [JJLab-12 YYvYvvvysy The Next GCD Fromtier
&J Current polarized RHIC pp data: e .

oo " PHENXAT £ STAR et v Wsesons For e-N collisions at the EIC:
< v' Polarized beams: e, p, d/®*He
() .
S el v’ Variable center of mass energy
be) v" Wide Q2 range > evolution

ol v' Wide x range - spanning valence to low-x physics

= 1 L Mossuwments wihAz56 (Fe):

o eA/uADIS (E-139, E-665, EMC, NMC)
= VA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)

07 T
Momentum fraction x

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

Q% (GeviResolution =
e

-
o
T T

-

v Wide x range (evolution) R
v" Wide x region (reach high gluon densities) /

0.1 L i
104 10° 102 107! 1

Momentum fraction x
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Nucleon Spin: Precision with EIC

Spin in Lattice QCD:
Ab initio Calculations

| I EIC: 5 GeV on 100 & 200 GeV
£ i EIC: 20 GeV on 250 GeV
At mLe
c i 28(8)% mLe
S 05| oL
A%/2 = Quark contribution to Proton Spin £ [ @ bz
Lq = Quark Orbital Ang. Mom o i ’
Ag = Gluon contribution to Proton Spin  § 0
Lg = Gluon Orbital Ang. Mom 3 : .
= i (gloha! analysis) U Gluon’s spin contribution on Lattice:
é 0.5 |- — Sg=0.5(0.1): Yi-Bo Yang et al. PRL
. . - 118, 102001 (2017)
Precision in AX and Ag = Aclear idea S Q? = 10 GeV?
Of the magnitude of Lot+Lg 3 L Mwncemantesfora’=9l | Q) calculated on Lattice QCD: xQCD
-1 015 0175 020 0225 Collaboration, PRD91, 014505, 2015

Quark Contribution to Proton Spin

SIDIS: strange and charm quark spin contributions
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Mass of the Nucleon (Pion & Kaon)

“The mass is the result of the equilibrium reached through dynamical processes.” X. Ji

je

“ The vast majority of the nucleon’s mass is due to quantum fluctuations of quark-antiquark pairs, the gluons,
and the energy associated with quarks moving around at close to the speed of light. ...”
-- The 2015 Long Range Plan for Nuclear Science

— - Chiral Quantum
Relativistic Motion Symmetry Fluctuations
Breaking

X. Ji, PRL 74 1071 (1995)

M= Fat Zot Xm H 1o

Quark Energy |Gluon Energy IQuark Mass | Trace Anomaly

* Questions: scale-invariant? decompositions: Lorentz invariant?

* Recent interest (workshops planned) to clarify how to determine the different contributions
« Lattice QCD providing estimates DIS (Sullivan

JIv, Y,
Trace anomaly: . c Process)

J/Psi & Upsilon production
~ ~ o ~ (o) ~ o
Eq ~30% Eg ~40%Xmq ~10% Ty ~25% oo

arXiv: 1710.09011 P

SoLID@JLab & EIC (pion/Kaon) PDFs: P. C. Barry

et al. PRL 127, 232001 (2021)



Courtesy: Alssandro Bacchetta
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2+1-Dimensional Imaging Quarks and Gluons

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

W(X,bT,kT)
Momentum f dzbT kr f deT Coordinate
space space
Direct xp
Comparison with f(x,kr) f(x,br)
lattice QCD
Spin-dependent 3D momentum space Spin-dependent 2D coordinate space (transverse)
images from semi-inclusive scattering + 1D (longitudinal momentum)
> Transverse Momentum images from exclusive scattering (Deeply virtual
Distribution Compton scattering and meson production)

- Generalized Parton Distributions

momentum and position distributions - Orbital motion of quarks and gluons

Possible direct access to gfuon Wigner ﬁmction tﬁrougﬁ diffractive cfi-jet
measurements at an E1C: Y. Hatta et al. PRL 16, 022301 (2016)
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2+1 D partonic image of the proton with the EIC

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

Transverse Momentum Distributions scattering Transverse Position Distributions

v Y y* 1%
Gluons:
Quarks
Motion T+ —¢ OnI)_/ @
Collider

/

p p

Deeply Virtual Compton Scattering
Measure all three final states

etp>e+pty

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

Sea quark’s 2D position distribution
unpolarized polarized

@ S & S5 1 05 0 05 1 15 45 4 05 0 05 1 1595 & o o
ky(GeV) ky(GeV) (1) (0" AX)easbX o () b (fm) (.08) (DG X)non X
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Study of internal
structure of a
— watermelqkn

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)



Momentum Fraction Times Parton Density
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CTEQ6.5parton
3.5} distribution functions
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Gluon carry color... self-interactions and
consequence:

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....”

i

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

~ ﬁ’ti\

? Infinity?
No!
REALLY?
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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 'uilds up a big color thundercloud....”

F. Wilczek, in “Origin of Mass”

Nobel Prize, 2004

gluon = gluon
emission : recombination

o of Gluons
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QCD as we know it predicts
:;%mm 2 » Anovel state of (~gluonic) matter at high energy.

What could tame the low-x rise?

HERA
4.0 i L i | v LI T 5 L | T LIS EET B 1 1 ?
 ETEq B8 paton ] Can EIC access this region” | |
3.5[ distribution functions : QCD inherently has the needed mechanism for this
P Q0 gluons ] taming but we don’t know when it gets triggered.

3.0F
250 g gluon gluon
emission recombination

; mm(gli =ZZ?€Q)UWWA1:QS

. Observation of gluon recombination effects
0.0001 0.001 0.0 0.1 1.0 =» s there such new state of matter?
Fraction of Overall Proton Momentum Carried by Parton 9 “« COlOf Glass Con densa te,,

Experimental evidence for such a - 50-100 times higher energy density than the core
gluonic matter is needed of the neutron star

A
[$)]

O_I
[ =)

Momentum Fraction Times Parton Density
N
(=)
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A
Qs(x) Q
( ag <1
pQCD !
N evolution !
< equation E
- ? i
<> '
saturation V
non-perturbative region ag ~ 1
o
In x
gluon gluon
emission recombination
mm%ﬁ: = At Qg 300

EIC at the 2nd EIC Korea Workshop 2023
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Low X physics with nuclel

R~A"
L~ (2myx)'>2Ry~A3

Accessible range of saturation scale Qs 2 at the EIC
with e+A collisions.
arXiv:1708.01527

x=0.01
EIC Vsax = 40 GeV (eAu)

—————— perturbative regime —»

s T L Mt et e
OT 0.5 1 15 2 2.5
Q2 (GeV?)
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Can EIC discover a new state of matter?

counting experiment of
Di-jets in ep and eA
Saturation:

EIC provides an absolutely unique opportunity
to have very high gluon densities
- electron — lead collisions
combined with an unambiguous observable

EIC will allow us to unambiguously
map the transition from a non-saturated to
saturated regime

Coverage of Saturation
Region for Q2 > 1 GeV?
10 ol s,,,,=90 GeV
B s, =40 GeV

Disappearance of backward jet in eA

& h ‘-;lhj{!“

/

y

& L V.jg{!

4

e p e
//
a',‘f
T T T

S’ m Vs=40 GeV

~ s Vs=63 GeV q
< & e Vs=90 GeV 2
v T s
c 32 g
- O R i 73
p 3 Tt :
© 5 A 4 s
: = " i g
- Zos s I VS S N & ] i
:6 5* r ———A—_, —A——e— r
s - 0o —O— 1 e
= 0.6 3
3] C g
(] i 2
Q0 0.4 [ | g Ll =
I 2 25 3 3.5 4 L

A¢ (rad)



11/29/2023 EIC at the 2nd EIC Korea Workshop 2023
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S pab 1 A A A
0.2 0 02
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20 e 8
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| 1.5 4
e-N Center-of-Mass Energy [V(Z/A) GeV] g
g 1.0
5
£
3

0 !
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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)

New Studies with proton or neutron target:
- Impact of precision measurements of unpolarized PDFs at high x/Q2, on LHC-Upgrade results(?)

- Precision calculation of as: higher order pQCD calculations, twist 3
- Heavy quark and quarkonia (c, b quarks) studies with 100-1000 times lumi of HERA and with polarization
- Polarized light nuclei in the EIC

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

- Physic of and with jets with EIC as a precision QCD machine:
- Jets as probe of nuclear matter & Internal structure of jets : novel new observables, energy variability
- Entanglement, entropy, connections to fragmentation, hadronization and confinement

Precision electroweak and BSM physics:

- Electroweak physics & searches beyond the SM: Parity, charge symmetry, lepton flavor violation

- LHC-EIC Synergies & complementarity

Study of universality: e-p/A vs. p-A, d-A, A-A at RHIC and LHC
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Worldwide Interest in EIC

The EIC User Group:
https://eicug.github.io/

Formed 2016 —

* 1417 collaborators,

+ 37 countries,

+ 285 institutions

as of October 02, 2023.

Strong International Participation.

EICUG membership @ time of EICUG
Meetings

EICUG membership

EIC at theEd EIC Korea W

Annual EICUG meeting
2016 UC Berkeley, CA
2016 Argonne, IL

2017 Trieste, Italy

2018 CUA, Washington, DC
2019 Paris, France

2020 FIU, Miami, FL

2021 VUU, VA & UCR, CA
2022 Stony Brook U, NY
2023 Warsaw, Poland
2024 Lehigh U, PA

EIC Institutions
2%

|
N’

= North America

m Asia = Oceania

South America = Europe = Africa


https://eicug.github.io/

The Scientific Foundation for an EIC was

Built Over Two Decades

Electron-lon
Collider..absolutely
central to the nuclear

science program of the The science
2010 next decade. “a high-energy high- questions that an
S!;g”s and the Quark Sea at 2012 luminosity polarized EIC will answer are
- EIC [is] the highest central to completing
RTUMITIES N NUCLEAR SCIEN priority for new an understanding of
facility construction atoms as well as
z following the being integral to the 2023
completion of FRIB.” agenda of nuclear
Major Nuclear physics today.”
Ph)J/sics Facilities 2015 2018

for the Next

B tial : Decade REACHING FOR THE HOF :
...essentia : TS
accelerator “We ”
and detector recommend “ 2 new of r“ — <8 .s.(-:%'-\(_sjg;;_gg;;
R&D [for EIC] the allocation dédicated e
of resources e AL
should be resou facility will be ~ “The quantitative L - ! ! 2
en ve to lay the Y 4 P ;
E:Vh \lfiorr)i/t 1.‘<').un da¥ion for essential for study of matter in E—
ingthepshoril a polarized answering this new regime . LONGL RAL\NGEI
term.” Electron-lon some of the [where abundant e Build
’ Collider. . most central gluons dominate] .
questions.” requires a new expeditiously

experimental facility:
an Electron lon
Collider..”

arXiv:2103.05419

Science Requirements and Detector Concepts for
the EIC — Drives the requirements of EIC detectors



EIC Accelerator Desig
; : > ) NN Center of Mass Energies: 20GeV - 140GeV
’ ‘ ’ Luminosity: 1033-10%* cm2s!/ 10-100b°" / year
Highly Polarized Beams: 70%
';‘3,2;’;2 Large Ion Species Range: ptoU
r Number of Interaction Regions: |Up to 2!

: gf;fne } Combined L of both IRs A Q,
== High L . =
& —— Baseline } Fau;silare L per IR — :
i 1034 6.1 ; 100 ¢ g
.g g

-
g 10 10 g
0.44 a)
] Internal 2
% 32 Landscape of 1 E
ﬁd: 10 the Nucleus =
:

0 49 80 120 150

Center of Mass Energy E_, [GeV] —>
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f4 / 4

/ Possi;}e Detectér
ocation / /

/Possible Detectot

Location

Electron Storage Line
n
g

100 meters
—

% Electron storage ring with frequent injection
of fresh polarized electron bunches

% Hadron storage ring with strong cooling or
frequent injection of hadron bunches

The US Electron lon Collider

Hadrons up to 275 GeV

» Existing RHIC complex: Storage (Yellow), injectors
(source, booster, AGS)

> Need few modifications

» RHIC beam parameters fairly close to those
required for EIC@BNL

Electrons up to 18 GeV

» Storage ring, provides the range sqrt(s) = 20-140
GeV. Beam current limited by RF power of 10 MW

» Electron beam with variable spin pattern (s)
accelerated in on-energy, spin transparent injector
(Rapid-Cycling-Synchrotron) with 1-2 Hz cycle
frequency

» Polarized e-source and a 400 MeV s-band injector
LINAC in the existing tunnel

Design optimized to reach 1034 cm-2sec



Detector polar angle / pseudo-rapidity coverage

p/A beam

EIC at the 2nd EIC Korea Workshop 2023

34

electron beam
i}
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(HCAL)

The ePIC Detector : !

e/m calorimeters
(ECal)

[ Asymmetric beam energies

i ; . Time.of.Flight
> requires an asymmetric detector with electron (ToF), DIRC,
RICH detect
and hadron endcap etectors
. . . e e : MPGD track
» tracking, particle identification, EM calorimetry | rackers |
and hadronic calorimetry functionality in all

directions
» very compact Detector, Integration will be key

23 Subdetectors
incl. Polarimeters

+ Data Acquisition
2.0

[ Imaging science program with protons and nuclei

» requires specialized detectors integrated in the
IR over 80 m 10 e

L Momentum resolution for EIC science requires a
large bore 2T magnet

1.5 1

X (m)

0.5 1

0.0 1

Off-momentum detectors 1
Roman Pots.
Off-momentum detectors 2

[ Highest scientific flexibility
» requires Streaming Readout electronics model

—-0.5 4
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hadronic calorimeters solenoid coils

e/m calorimeters

| MPG & MAPS trackers |

ToF, DIRC,
RICH detectors

EIC at the 2nd EIC Korea Workshop 2023

EIC Management team working with
the EICUG to realize EPIC

& =




Central Detector Non-DOE Interest & In-Kind

Superconducting
Solenoid

Barrel
Electromagnetic
Calorimeter

%

V4
\\‘ %y

i

Dual-radiator
RICH

Forward Electromagnetic
Calorimeter

‘

Tracking
Detectors

z=ll B
(N

\

Backward
Electromagnetic
Calorimeter

Time-of-Flight

\\\\

2,
,'I,

Backward Hadronic Data-Acquisition
Calorimeter Electronics
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Entity Interest and Important Facts

NSF NSF-MSRI pre-proposal submitted by 10 US universities — aims at full scope of backward EM calorimetry (eECal). Armenia,
Czech, France/IN2P3 as unfunded contributors. Invited to submit proposal. Final NSF review is ongoing.

Alms at major scope for flber-based barrel EM
calorimeter; work packages for barrel AC-LGAD and

Si-based hadronic calorimetry for ZDC. As part of
EIC-Asia consortium (includes also Japan, Taiwan),
Collaboration on Si tracking detector.

Aims at major scope of forward particle identification detector (dRICH), at (part of) the Si/MAPS tracker scope, and at photo-
sensor contributions. Further investigating possible interest in EIC detector magnet scope.

B0 Detectors (Si tracking and PbWO4)

Italy/INFN

Israel

Japan Interested in a US-Japan agreement Aims at full scope of Zero Degree Calorlmeter in collaboration W|th Talwan/Korea

Aims at major scope for fiber-based barrel EM calorimeter, Also work packages for barrel AC-LGAD and Si-based hadronic

calorimetry for ZDC.as part of EIC-Asia consortium (includes also Japan,Taiwan), Collaboration on Si tracking detector.

Poland Actively working with ministry/funding agency; Interested in detectors along the beam line (luminosity detector, Roman Pots)

Taiwan Pursuit of full scope of barrel AC-LGAD as part of EIC-Asia consortium. LYSO-based EM calorimeter for ZDC, Also optical
readout/fiber. Possible later interest in PCBs. Computing.

UK STFC seed funding for UK detector R&D (3ME£). Interest in Si/MAPS tracker, polarimetry and detectors along the beams
(Low-Q2/TimePix). Follow-up STFC/UKRI request for 5-7 years submitted early 2023 (includes accelerator part).
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Summary & Outlook : Korea is important to us!

- Electron lon Collider, a high-energy high-luminosity polarized e-p, e-A collider, funded by
the DOE will be built in this decade and operate in 2030’s.

- Will address the most profound unanswered questions in QCD

- Up to two hermetic (full acceptance(?) and complementary) detectors under consideration,
although EIC project has funds for 1 detector.

- Experimental collaboration EPIC formed

- An aggressive timeline : first collisions by ~2031/32; physics start by ~2033/34

- High interest in having international partners both on detector and accelerator
- A second detector a few years later

- For all eartﬁl career scientists, graduate and undergraduate students: This machine is for
you! Ample opportunity to contribute to machine, detector & physics of the E1C.
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‘New directions in science are
launched by new tools much more
often than by new concepts.”

Freeman Dyson




