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Jianwei Qiu (DIS2018)

Our mission

J Where did we come from? Global Time: =——>

L ’A‘ > q B g ¥ N V »
How did hadrons are emerged from the energy, the quarks and gluons?
O What are we made of?

DNA)‘ N :-:“m. .

What is the internal structure and dynamics of hadrons?
O What holds us together?

electron
<10"%cm

proton
(neutron)
quark
<10""%cm

~10"%cm

=

Leptons

How does the glue bind us all?
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Definition of "Nuclear particle physicist"” -
it is an ability of quarks and gluons
to think about quarks and gluons.

VectorStock® VectorStock.com/1552534
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Structure of Matter

Quarks

&

Nucdleus

Matter &

-
Electron

C

"

Atam

Molecule

— Can we manipulate quarks and gluons?

Femtoworld (scale ~10-15> meters)

—

- A million times smaller

Nanoworld (scale ~10-2 meters)

We have known for half a century that
quarks (and gluons) and their interactions
make up 99% of mass in the visible universe..

however.. no way to map quarks and gluons in
the nucleus.. until now!
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Understanding Matter: Size and Instruments

’

crystals

Quarks and gluons
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How can we probe the Femto-world ?

How can we do this? Ordinary
instruments are a million billion
times too big!

High energy collisions of electrons
with nuclei, proceed via
“virtual photon", which acts as a probe.
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we could probe the Femto-world

The first steps in Nuclear Femtography

starts just now with the 12 GeV CEBAF!
Higher the collision energy,
smaller the probe.

S Do CEBAF 12 GeV
Probe about 40t of the proton
diameter

Electron-Ion Collider:
Probe about 500" of the
Add are — R proton diameter

20 cryomodules

Add 5
cryomodules
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RS
EIC vs other DIS facilities:
Improving resolution

Current situation

Resolution is a
few times smaller
than target
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RS
EIC vs other DIS facilities:
Improving resolution

Current situation CEBAF 12 GeV

Resolution is a Resolution 10’s
few times smaller of times smaller than

than target target
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RS
EIC vs other DIS facilities:
Improving resolution

Current situation CEBAF 12 GeV Electron-lon Collider

Resolution is a Resolution 10’s Resolution 100’s
few times smaller of times smaller than of times smaller than

than target target target
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I I E R ' \ Tialle NE)"F‘ED(H1) \
Hall NORTH (H1) \
Hall nord (H1)
HERA
Halle OST (HERMES) {

World FIRST electron(positron) proton collider
Operation: 1992-2007 i Ene

Halle WEST (HERA-B)
Hall WEST (HERA-B)
Hell auest (HERA-B) Elektronen  Fasiionen
. — gsf;um / Positrors.

Energy:

e-/e+: 275 GeV

p: 820 (920) GeV

/s~ 320 GeV

Electron only polarization

ons/ Pasitors
wawawa

Halle SYD (ZEUS)
Hal SOUTH (ZEUS)
Hall sud (ZEUS)

180 bunches
96ns bunch spacing

2 Collider experiments (H1, ZEUS),
Fixed target (e): HERMES
Fixed target (p): HERA-B

HUGE success, a lot of new physics

Integrated luminosity for H1+ZEUS:
~ 1 fb-! (after 10 years of operation)

12
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RS
EIC vs other DIS facilities:
Improving resolution

Electron-lon
Collider

HERA: last

ectron-proton collider (1992-2007)
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Advances in Femto-science

Theo r'y

dQ? dydqj Z /(2 )?

x dfif oal6asm.) GO0 (g ,b~;u§.,ub.,02,as(ub.))

_f /5(E8; o )c/ B bus 2., ., Co,as(ps.)
/ 9] (5 )

du n. .
el reeston () enm il Accelerator Technologies
oxp 0573 (24, brs buss) — 6575 (25, b br) = 05 (brs ) I(@°/@3)]

+ suppressed corrections.

Computing

Detector Technologles

il

Steady advances in all of these areas mean that >
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We are ready to probe a femto-world!
EIC is a QCD facility to study a structure and dynamics of matter (our world).

v' Property of Hadrons (Mass, Spin)

v' Structure or Imaging of Hadrons ( PDF, TMD, GPD)
v' QCD at Extreme Parton Densities

v Emergence of hadrons

O M
/ quark
c mq ~ 10 MeV
o mN ~ 1000 MeV
nucleon
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EIC physics goals: Mass and Spin

O Mass - intrinsic to a particle:
= Energy of the particle when it is at the rest

< QCD energy-momentum tensor in terms of quarks and gluons

/ Higgs Mech.

mq~10 MeV

THY — %T/}iﬁ(ﬂyu)‘ll + %guuFZ . F;uroa

< Proton mass: ‘
B (p| f A3z T [p)

_— ~ CeV c. my ~ 1000 MeV
<p | p> nucleon “Mass without mass”

0 Spin - intrinsic to a particle:
Proton spin =1/2

“Helicity sum rule”

[ EIC: 5 GeV on 100 & 200 GeV
EIC: 20 GeV on 250 GeV

05

1 1 i
~h=—AS+AG+Y L{ +L* of
2 2 | Y \7—Y—§ current data
w—l I lobal analysi
quark con%riub%r:ion orbital angular 051 bl
contribution momentum r

2
Q*=10 GeV
All uncertainties forAy>=9
|

S N R B I
0.15 0.175 0.20 0.225

Quark Contribution to Proton Spin

Gluon Contribution to Proton Spin

~ 30% ~ 40% ~?

EMC found:
AY =012 +0.17 ~ 30%

If we do not understand proton mass & spin, we do not understand QCD!
Yulia Furletova



Jianwei Qiu (DIS2018)

EIC physics goals: 3-Dimentional imaging

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

Momentum f dsz
space

k) =

< Semi-inclusive DIS:

SIDIS: Q>>P,

Parton’s confined motion
encoded into TMDs

W(x,br,kp)

J dzk;

P

Coordinate
space

f(x,br)

< Exclusive DIS:

~

P,

DVCS: Q2 >> [t]

Yulia Furletova

Longitudinal momentum

kt =zPt

Parton’s spatial imaging from Fourier
transform of GPDs’ t-dependence

Tra

b .
'.L ® partons
°
o = °
o g ,,/‘j‘ 4

- Jransverse momentum

nsverse
position
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EIC physics goals: Extreme Parton Densities

Low-x

At very low x, cross-section will saturate.
could be investigated in transition region

gluon gluon
emission recombination
= At Qg
A
2
Qg(x)
/ g < 1
pQCD !
" evolution :
(Z equation :
) ? i
<> ;
saturation '
non-perturbative region ag~1
>
In x

>

2 - CTEQ 6.5 parton

& 3.5[ distribution functions

c | Q*=10GeV?

S 3.0F gluons R
= E

S i

wn 2.5k 4
9 L

= 20F 1
c

<} :

g 150

i s

uw

e 1.0 1
= u

s 05 d

5 o .

< 0.0001 0.001 0.01 0.1 1.0

Fraction of Overall Proton Momentum Carried by Parton

Saturation regime reached at significantly
lower energy in nuclei

< 10p
2
— Q2 guark Model-|
(O] — Au, medianb --- b=0
& — Ca, median b
g — p, medianb

10-1 1 1 L1 111l 1 1 1 1 1111
10° 10 10° 102

X
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RN
EIC physics goals: Extreme Parton Densities

High-x Pepsos —= pairwise
2= 2 int ti
» Compare quark/gluon densities of R L 526Gev R
nhucleus with those of a system of z sy crhancoment? el
free nucleons: A # YN, “nuclear = ol
modifications” g
= 1 Y Al
> Learn about QCD substructure of ?ﬁ ___/
nucleon interactions — how they S G g i
emerge from the microscopic theory? z 05 suppression? |
modified
> "Next step” after exploring single nucleon
0 L ol L gl L PR L
nucleon structure! 0 oo oo " |
X
0.3<x<0.8 Suppression? Interactions at short distances
EMC effect cf. short-range NN correlations JLab 6/12 GeV
0.05<x<0.2 Enhancement? Interactions at average distances

Antishadowing

x € 0.1 Shadowing  Coherent interactions enabled by diffraction Gribov 70s
Suppression effect calculable Frankfurt, Strikman Guzey 12+
Observed in J/y photoproduction on nuclei ALICE, CMS
Suggests large antishadowing

. 1
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Jianwei Qiu (DIS2018)

EIC physics goals: Emergence of Hadrons

m  Pions (lower energy)
© DO mesons (higher energy)

1.50 ® DO mesons (lower energy)
+ Pions (higher energy)

> EIC as Femtometer sized detector:

———Wang, pions (lower energy)
1.30 * - -Wang, pions (higher energy)

(colored) Quark passing through
cold QCD matter emerges as
color-neutral hadron.

1.10 52505,
noaraire

0.90

Ratio of particles produced in lead over proton

0.85, x> 0.1, 10 i

0.01 <y<0.85,
§ c Higher energy : 25 GeV: Q<45 GeV’ 140 GeV < v < 150 GeV
°® N 2 Lower energy : 8 GeV Q<12 GeV’, 32.5 GeV< v <37.5 GeV
] il 2 0.30
&, [ R Q 0.0 0.2 0.4 0.6 0.8 1.0
3 e z
N

UV =

2m » What does a nucleus look like?

Does the color of “A” know the color of “B”?

° f _-..
>WM' . ““?‘é. Control of ¥ and “pP “«B” \

medium length!

Understand energy loss of light

vs. heavy quarks traversing the cold

nuclear matter:

Connect to energy loss in Hot QCD Need the collider energy of EIC
and its control on parton kinematics!

. 20
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Why Electron- Ion scattering ? Hard probes

Jianwei Qiu

U Lepton-lepton collisions: (DIS2018)

Hadrons

<> No hadron in the initial-state
<- Hadrons are emerged from energy
< Not ideal for studying hadron structure

U Hadron-hadron collisions:

< Hadron structure — motion of quarks, ...

pb" <- Emergence of hadrons, ...

< Initial hadrons broken - collision effect, ..

Hadrons

0 Lepton-hadron collisions:

Hard collision without breaking the initial-state hadron - spatial imaging, ...

Yulia Furletova 21



Jianwei Qiu

Why Electron- Ion scattering is special? wsoe

Q Many complementary probes at one facility: A giant "Microscope"” - “see"
¥ quarks and gluons by
e . looking/breaking the hadron

Electron
beam

. 1/Q
<1/10 fm

Inclusive events: e+p/A > e’+X
Detect only the scattered lepton in the detector

(Modern Rutherford experiment!)

Semi-Inclusive events: e+p/A > e’+h(x,K,p,jet)+X
Detect the scattered lepton in coincidence with identified hadronsl/jets
(Initial hadron is broken — confined motion! — cleaner than h-h collisions)
Exclusive events: e+p/A > e’+ p’/A’+ h(x,K,p,jet)
Detect every things including scattered proton/nucleus (or its fragments)

(Initial hadron is NOT broken — tomography! — almost impossible for h-h collisions)

Yulia Furletova 22



:j'} Electron beam

i 22 §
e e }f ;; ‘5;,
N
e e
2
g q - struck
> quark
p remnant
e- v e
T~ e
gWJ_r ‘<\x, 0’
—— h=cb

I ; q x’ !:_'_ h
Gx) (c)
A

A yuna rurietrova




R 00
Electron proton scattering

Ability to change Q? changes the

Electron

_— //\

Q?=-q% : 4-momentum transfer squared

x (0<x<1) - fraction of proton
momentum carried by the struck quark

y (O<y<1)=(Ee-Ee')/Ee - fractional energy
transfer

resolution

T

5

L

NEANEANEA

NI

7
170

resolution

Ability to change x projects out

scale

1/Q
<1/10 fm

different configurations where different
dynamics dominate

perturbative

non—pert.

gluons
dominant

Yulia Furletova

gluons

radiation fields /
I 7N N
e — “
x<001 x~0.1 x~03
sea quarks valence quarks

24



Electron-Ion Collider range (x)

/ . Radiative Regime: Many-body Regime: Few-body Regime: \
Saturation mostly gluons Valence and sea quarks, valence quarks,
Regime: gluons Some gluons

Qeedsss‘ﬂ:j b{i Lons ’ Fraction of
ccessed via Ion o momgn‘rum

1 . . . | carried by the

| | | | ' parton
X
104 103 10-2 10 T (for proton)
QCD Radiation Dominated Hadron Structure Dominated
(Studied at HERA) | ]
. |
Main interest for EIC
Nucleon/Nuclear Program: Spin, TMD, GPD...
NUCIZO” x > 0.3 "EMC effect” Nuclear PDF par‘amefr'lzahon EPS09 Eskola et al. ZOCN
° . RV RS RG
interactions Modified single-nucleon structure? L [T g L T
Non-nucleonic degrees of freedom? 0 j
» « x~0.1"Antishadowing" 4f Gasert  d i
h&) QCD structure of pairwise NN i o |
interaction, exchange mechanisms sl I oo ”
Q@e § (1)(; - o O | » |
« x<0.01"Shadowing” ﬁ oféj I o
eyl QM interference, collective gluon field: & : o2 ST Jos
\ T T T TN T T T )/
Yulia Furletova i ’ ‘




e - U
Electron-Ion Collider range (Q2)

2
63,2 x >103,102 1o 1

o
103 &
=
<<
i
e
102 0
.0
S s Include non-perturbative, )
S perturbative and transition regimes
10 v - Provide long evolution length and up
£ to Q2 of ~1000 GeV?2 (~.005 fm)
9 * Overlap with existing measurements
Transition W \_ )
1 Region

10-1

HERMES, COMPASS, JLAB 6 and 12

Yulia Furletova 26



Electron proton scattering x-Q2 coverage

— HERA
ZEUS
T EIC (10 GeVoon 100 GeVy

I ZEUS

0°

(LA) ,

104

0

— 1 JLABI2

10"

10 %

=

27
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Electron proton scattering

Exotic (BSM) particle production

s

Leptoquarks

e-/e+ et

\'s — center of mass energy of ep

time

collision
| s=4E-E; |
(@)

Cartoon by Claus Grupen, University of Siegen

Yulia Furletova
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Electron-Ion Collider: Vs range and luminosity
( Vs(/u) range of interest \ / Luminosity Requirements \

ep, eA (nucleon, nuclear structure) ep, eA (nucleon, nuclear structur

i

eA (jets in nuclear matter, PDF)

\J | | ][ eAu (satuhgtion)
L0 00 GeV 200 GeV 300Gev VS ) l : '
N

Beam energy:

Various center of mass energy (low,

medium, high)

ngh lum|n05|Ty
high precision physics

* rear physics

* various measurements/configurations:
(different ions, different center of
mass energies, different polarizations)

Yulia Furletova 29



Electron-Ion Collider: Vs range and luminosity

EIC range — with 100% acceptance
 Flexibility in energies
* Polarization — e- and p/d/3He
Range of nuclei — H to Pb/U
Excellent acceptance 10

Good particle identification
and resolution

Polarized luminosity and the 1
capability to measure physics
of interest is what counts

Luminosity (cm2 sec)
Integrated Luminosity (fb-1/yr)

40 80 120 \/S ( GeV)

A high luminosity is needed to carry out
the EIC physic program 0

Yulia Furletova



3D Structure of Nucleons and Nuclei

3D Structure of Nucleons and Nuclei:

* Need to measure positions and momenta of
the partons transverse to its direction of
motion.

« These quantities (kt, bt) are of the order
of a few hundred MeV.

Transverse Momentum Dependent Distributions (TMD): k;
Generalized Parton Distributions (GPD): b,

Polarizaton

Understanding hadron structure cannot
be done without understanding spin:

* polarized electrons and

* polarized protons/light ions

31
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R 000
Past, existing and proposed DIS facilities

‘-A1 039 E . . . .
» EJLAB/CEBAF ep Facilities & Experiments: All DIS facilities in the world.
o E
51038 :— g 5 - Past Colliders
E - SLAC D Collider Concepts

Luminosity (
2,

—

o
w
D

LI IIIIIII

1 lllllll

—A

o
w
@

1 Illllll

LHeC/HE-LHC

1 034 EIC FCC-he
LHeC/HL-LHC

1 IIIIIII

108
= COMPASS LHeC/CDR
- HIAF-EIC

1072 BCDMS
- N I

10%" HERMES NMC

HERA (ZEUS/H1)

1 IHIIII

llIIlIlI | IlIllIlI | Illlllll | | S I

2 3
10 10 10 Vs (GeV) 32




R 000
Past, existing and proposed DIS facilities

—~10%

m?s

Luminosity (
) )
3 S

-

o
<]
(4]

10%

10%8

10%2

10°"

I IIIIIIII I IIIIIII[ I IIIIIII‘ I IIIIIII‘ I IIIIIIII I IIIIIII| I llllllll I IIIIIIII [ TTTT

ep Facilities & Experiments:

l:l Collider Concepts

EIC Project

LHeC/HE-LHC
EIC FCC-he

LHeC/HL-LHC

LHeC/CDR

IIIIIII| IIIIIIII | IIIIIII| | N N

3

TR IR TR A A A A

However,
if we ask for:

> high luminosity &
wide reach in /s

33



R 000
Past, existing and proposed DIS facilities

—~10%

o % ep Facilities & Experiments: HOW@V@I",
e b if we ask for:
S10%
£ F > high luminosity & wide
2107 = reach in /s
E E > polarized lepton & hadron
— 1036 = beClmS
- > nuclear beams
10% ;—
oL ElC EIC will be a unique facility.
n No other machine, existing
10% or planned can address the
- physics of interest
10% & satisfactorily.
103‘;—
—I IIIIII| | IIIII]I | | IIIIII| | I |

3

TR IR TR A A A A
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- U .
Long Range Plan

The NSAC recommend “a high-energy

RE G FOR high-luminosity polarized Electron-Ion Collider
(EIC) as the highest priority for new facility
construction..”

The Next QCD Frontier

LONG RANG%%%%?T « Understanding of nucleon and nuclear
L s for NUCLEAR SCIENCE structure and associated dynamics

A. Accardi et al (3D STI"UCTUI"C)

« Probe the nucleon and nuclei in
different interaction regimes.

« Extend our understanding of QCD
(saturation, propagation of

Electron lon Collider:

The Next QcD Fronie quarks/jets in cold nuclear matter)

Yulia Furletova 35



R 000
World's first

Polarized electron-proton/light ion

and electron-Nucleus collider

Wide range of nuclei first eA collider
CM energy J/s(eN) ~ 20-140 GeV acceptance coverage x, Q?
Luminosity L ~ 1034 cm=2 s Imaging, rare processes
Polarized beams Spin effects
Next generation of detectors final states

1212.1701.v3
A. Accardi et al

Two proposals for realization of the
science case - - _

both designs use DOE's significant The Next QCD Frontier
investments in infrastructure

Yulia Furletova



US-Based EC Propsls

=] ;- ; P‘olar.iz-end’l]"ét :rarget Br‘oo khaven Lab

“Coherent e-cooli -00 O’ :
W {: - 10:00 o%lock eRH|C1ZOOOCIOCK slectron BRL : L0n9 ISland, NY

o

| Detector 1%, s Detector2
8:00 o’clock v o _6:00°0 closk e

<y gt
s
2 “%‘BIiB?OSter\ < ol —-‘ '_‘,

ELECTRON-ION COLLIDER
JEFFERSON LAB

Artist’s Conception

Jefferson Lab
Newport News, VA




Luminosity
* Luminosity: * Integrated luminosity:
[sz L ] Lint =/ Ldt  [£07]
410,0,,

nl,n2 - number of particles in each bunch
f-collision frequency

o, g, -width of beams —
’ Units:
1barn =102% cm?
Units: femtobarn (fb) = 1039 cm? = 10-1%b
1
cm? - s —

/A

— yhg D
>

. 38
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e - U
eRHIC design (BNL) From F. Willecke, BNL

Beam
Dump

Polarized
Electron
Source

Exploiting existing Hadron complex RHIC with its
- superconducting magnets, 275 GeV protons
- its large accelerator tunnel and

- its long straight sections

- its existing Hadron injector complex (Polarized)

lon Source

Electrons

Adding an electron accelerator
of 18 GeV in the same tunnel

-> achieve high luminosity electron-Hadron collisions
over a large range of CM Energies

e-: 18 GeV

p: 50-275 GeV

Js:  60- 140 GeV
Luminosity 1033 (1034) cm-2s-!

Yulia Furletova



JLEIC design (JLab)

e-: 31010 -12 GeV

) 20 1.0 100 (400) Gev lon Collider Ring
Js: 20 fo 65 (140) GeV Inie-:::iion Point - : .
(Magnet Technology Choice) e - mem..on Point

/A

Electron Collider Ring Booster

Luminosity: ~1034 cm-2s-!

lon Source

Electron Source

Exploring existing Electron

Complex 12 GeV CEBAF

CEBAF (adding Electron collider

f‘ing) 100 meters
Adding Ion complex

Lon source, SRT linac, Booster, Figure 8: High polarization (~80%)
Ton collider ring | _, 1

———y N ELECTRON-ION COLLIDER
' ' JEFFERSON LAB

Artist’s Conception

-Fully integrated
IR and detectors
-2 Interaction
Points possible
-DC and Bunch
beam coolers

\_

S
gl

Yulia Furletova



eRHIC design (BNL) JLEIC design (JLab)

Beam
Dump

Polarized
Electron
Soul(r

lon Collider Ring

- Electron Collider Ring
Electrons

Electron Source

{Polarized)
lon Source

12 GeV CEBAF

100 meters
100 SRR AR RAARR RN RN RN RALRLLLREE
1034 ‘TA - Max dip field 3 T —
10¢ — ; &L 2 Ul YOG 6T —
E r eam-beam limite \ ./—4* () 84T —
: & AT 1005 Gev K\ 0T —
S o [ o O N i o« 1034]
S o / \ AN
= N 10 E v \. \Q () E
% 1 10 MW SR limit ? o 100x10 GeV \ \ \
£ ()] .
E | 8 ] ° o
J L Space-charge limited é _. 40x3 GeV 0
o]
0.1 1 1 1 1 L 1 - 1 1 0 B 0
20 40 60 80 100 120 140 160
Center of Mass Energy [GeV] 20 40 60 80 100 120 140
CM Energy (GeV)
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Electron-Ion Collider at
__ eso nﬁab (JLEIC)

ey

r > éliag ,H‘",_;_,:‘. : ‘§%§; ‘
-~ ELECTRON-ION COLLIDER
JEFFERSON LAB

Artist’s Conception

Electrons: up to 12 GeV
Protons: 2—100 (upgrade upto 400GeV)

Yulia Furletova







JLEIC Parameters (3T option)

CM energy GeV 21.9 (low) 44.7 (medium) 63.3 (high)

P € P e P e
Beam energy GeV 40 3 100 5 100 10
Collision frequency MHz 476 476 476/4=119
Particles per bunch 10%° 0.98 3.7 0.98 3.7 3.9 3.7
Beam current A 0.75 2.8 0.75 2.8 0.75 0.71
Polarization % 80% 80% 80% 80% 80% 75%
Bunch length, RMS cm 3 1 1 1 2.2 1
Norm. emittance, hor [ ver Hm 0.3/0.3 24[24 0.5/0.1 54/10.8 0.9/0.18 432/86.4
Horizontal & vertical B* cm 8/8 13.5/13.5 6/1.2 5.1/1.0 10.5/2.1 4/0.8
Ver. beam-beam parameter 0.015 0.092 0.015 0.068 0.008 0.034
Laslett tune-shift 0.06 7X1074 0.055 6x1074 0.056 7X1075
Detector space, up/down m 3.6/7 3.2/3 3.6/7 3.2/3 3.6/7 3.2/3
Hourglass(HG) reduction 1 0.87 0.75
Luminosity/IP, w/HG, 1033 cm2s? 2.5 21.4 5.9
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12 GeV Operations
12 GeV Upgrade

FRIB
EIC Physics Case
NSAC LRP
NAS Study

CDO

EIC Design, R&D
Pre-CDR, CDR

CD1,Site Selection
CD2/CD3

EIC Construction

TENTATIVE TIME-LINE FOR THE ELECTRON-ION COLLIDER (EIC)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
I I N

2022 2023 2024 2025
I I

Yulia Furletova
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e .
US-Based EIC Proposals: detectors

eRHIC Detector

JLEIC Detector

46
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Cross section, number of events

« Differential cross section :

the number of particles scattered into direction
(6, ¢) of solid angle dQ ( depends on incident flux)

dN
[ dO'N flUXm]

flux | g

>  target

 Total cross section:

o faao |

* Number of events:

Units:
1barn =102% cm?

milibarn (mb) =1027 cm?2 = 10-3b
microbarn (ub) = 1030 cm?2 = 10-¢b
nanobarn (nb) = 1033 cm2 = 10%b
picobarn (pb) =103 cm? = 10%b
femtobarn (fb) = 1039 cm?2 = 10-1%b
attobarn (ab) = 1042 cm? = 10-18p

Lo
[ N ~ 4 J where a is acceptance

Yulia Furletova
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B 000
Cross section

v' Could be calculated numerically
dolfe + N =€ +X) = Flux(z,y, Q%) Fr(z,Q?) dz dQ* (1)

do(e+ N — e +cc+ X') = Flux(z,v, Q2) FQCE(ZIZ, Q2) dz dQ? (2) E‘/:’/q

e
e
ep 2 2 2
P, G M 2 } x| Q
SM e F w 2 2 2 2 = 2 ’
seagr —Pag(M2 +Qz) [u(x,Q )+ c(x, Q) + (1 = y)*(d(x. Q1) + 5(x. Q ))].
W h=cb
- p———
e\/v 9 Charm and DIS events in bins, 5 bins/decade in x, 1 bin in Q2 X ’ h
Pt Int. lumi = 10 fb™! 0*>5GeV? G (X’
: W s,y = 2000 GeV? 2 2 ()
. 3 eN— 0" >20GeV
: 10 e A
H - L
; q - - Total DIS -
- N T ey r———a__ |
= 10 1 | 1 |
& ' I~ =T
:>106 Vo ] | I .
ot | | R—
B | 1
E ' Charm
g 105 Joooorooo oo
=
Z, I
I
10*
10° | But =>

0.001 0.01 0.1 1
B
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Event generators

.. But, as experimentalists, we need to know also final state particles

= Need to generate an event ( with it's cross section, kinematics,
fragmentation, hadronization and decay modes )

= PYTHIA, HERWIG, etc...
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Event generators: Pythia

*r***** R oK oK K oK oK o o K oK o o o oK oK o R R oK o o YN oK ok o ok ok ok o ook ok ok o ok sk ok ok o ok ok ok o Kok ok ok ok ok ok o ok ok ok ok ok ok ok ok K ok ok ok

PN & R ok ok sk sk sk o ok sk sk ok ok ok ok ok sk ok K sk K R ok K ok ok K o ok

HRR R KRR Rk K

AR R

[AT's
proton beam energy: 100.000000 GeV
* F b Ul UP . *k lepton beam energy: 5.00000000 GeV
* ** resulting sqrt(s): 44.721359252929688 GeV
*k Welcome to the Lund Monte Carlo! ** crossing angle: -5.0000000745058060E-002 rad
*k *k ook ook ok ok K koK ok ok skok ook ok ok ok Kok R ok ok kokokok ok ok ok ok ok ok ok ok kokok ok
- 5. -1065.8147865668698 -5.00000000
:: EPPP YY YY I : : I%I AAA :: I ,1_, l b 1*******”***$*M* PY ¥IT initialization of PYTHIA routines **rkkkikskkitsksk
= m A-WPE LHAGLUE INTERFACE ====
*% PPP Y T HHHHH I AAAAA ** nl Ia eam pqmmgluﬁ g 7homeyulia/yulia/EIC-soft/pythia_jlab_v2/LHAPDF/share/LHAPDF/cteq611/cteq611l_0000.dat
* P Y T H HI A A ** . " 7 version 4; LHAPDF ID = 10042
ek P Y T H HIIIA A **
*%k *% I I
ek This is PYTHIA version 6.413 *x ) R . . .
ok Last date of change: 12 Sep 2007 ** % PYTHIA will be initialized for gamma/e- on p+ user configuration %
ok *ok px (GeV/c) py (GeV/c) pz (GeV/c) E (GeV) I
*x Now is © Jan 2000 at 0:00:00 ok I gamma/e- 0.000 0.000 -5.000 5.000 I
*k 1 1 *k I p+ -4.998 -0.000 99.875 100.004 I
) s I I
:: :: lh :: \‘D&iﬁ;ﬁimg;y ;B;?agigggémBgzgiz :: % corresponding to 44.718 GeV center-of-mass energy %
o ! hh 1 of errors and use common sense *k
** N 148 N when interpreting results. *%
** 1 1 **k *kkdkkkk PYMAXI: summary of differential cross-section maximum search *##kkiix
*k N Copyright T. Sjostrand (2007) *ok
*k *
. . . . I I I
** An archive of program versions and documentation is found on the web: *% I ISUB Sub T Maxi 1 I
** http://www.thep.lu.se/~torbjorn/Pythia.html ** I ubprocess name e vatue
ok ok —
** When you cite this program, the official reference is to the 6.4 manual: ** ol Elasti cterd % 36254003 %
** T. Sjostrand, S. Mrenna and P. Skands, JHEPO5 (2006) 026 *¥ . lastic scattering . -
_ _PUR-0F.-057-CD. . I 92 Single diffractive (XB) I 2.9300D-03 I
# (LU TP 06-13, FERMILAB-PUB-06-052-CD-T) [hep-ph/0603175]. *k PPOCZSSZS. I 0 emdte ifrective I e 1
I 94 Double diffractive I 2.0204D-03 I
I 95 Low-pT scattering I 1.82270-02 I
I 96 Semihard QCD 2 -> 2 I 1.42820-01 I
. I I I
Output:
I I
I -2.000D+00 < m_hard (GeV/c"2) < 9.471D+00 I
I -1.000D+00 ( 1.000D+00) < p T hard (GeV/c) < 4.735D+00 I
I m finite (GeV/c"2) 1.000D+00 I
-1.000D+01 < y* subsystem < 1.000D+01 I
-4.000D+01 < y* large < 4.000D+01 I
I -4.000D+01 < y* small < 4.000D+01 I
I -4.000D+01 < eta* large < 4.000D+01 I
I -4.000D+01 < eta* small < 4.000D+01 I
I -1.000D+00 < cos(theta*) large < 1.000D+00 I
I -1.000D+00 < cos(theta*) small < 1.000D+00 I
I 0.000D+00 < x 1 < 1.000D+00 I
I 0.000D+00 < X 2 < 1.000D+00 I
I -1.000D+00 < x_F < 1.000D+00 I
I -1.000D+00 < cos(theta hard) < 1.000D+00 I
I 2.000D+00 < m' hard (GeV/c"2) < 9.471D+00 I
I I Total cross
The charm mass used is: 1.5000000000000000 section:
Pythia total cross section normalisation: 0.25167791484759577 microbarn
Total Number of generated events 100000
Total Number of trials 100000 # events

Yulia Furletova
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Event generators: Pythia

Per event: # pzrﬂcles, X,y.Q2 .. Per particle: ID, stable/unstable, mother, (Px Py Pz) (Vx,Vy Vz)

yulia@yuliapc:work

File Edit@gView Search Terminal Help
26 .40006E-01 .21205E+02 .50972E+03 .10000E+01 .26502E+00 .39649E+00 .49559E+01 .96356E-05 .26935E+00
1 -1 0 11 3 4 0.000000 0.000000 -5.000000 5.000000 0.000510 0.000000 e
2 1 0 2212 5 0 -4.997917 0.000000 99.875026 100.004462 0.938270 0.000000
3 -1 0 11 0 0 -0.286915 -3.940876 -2.621122 4.741635 0.000510 0.000000
4 0 0 22 0 0 0.286915 3.940876 -2.378877 0.258366 -4.604902 0.000000
5 1 0 2212 0 0 -4.997917 0.000000 99.875025 100.0044601 0.9382760 0.000000
6 0 1 22 0 0 0.286727 3.947424 -2.369555 0.272087 -4.604902 0.000000
7 0 0 2 0 0 -0.199730 -0.000262 3.991042 3.996037 0.000000 0.000000
8 0 1 22 0 0 0.286727 3.947424 -2.369555 0.272087 -4.604902 0.000000
9 0 0 2 0 0 -0.199730 -0.000262 3.991042 3.996037 0.000000 0.000000
10 0 0 2 0 0 0.086997 3.947162 1.621487 4.268124 0.000000 0.000000
1 -1 1 11 0 0 -0.286915 -3.940876 -2.621122 4.741635 0.000510 0.000000
12 0 0 2 15 19 0.268949 4.194358 2.034984 4.669704 0.000000 0.000000
13 0 0 2101 15 19 -4.979951 -0.253482 95.461164 95.593063 0.579330 0.000000
14 0 0 92 15 19 -4.711002 3.940876 97.496148 100.262766 22.569877 0.000000 ==
15 0 0 113 20 21 0.006513 1.049519 0.984218 1.682433 0.871988 0.000000
16 0 0 223 22 24 0.663467 2.714914 1.473597 3.254829 0.781971 0.000000
17 1 1 321 0 0 -0.446333 0.166227 2.491995 2.584671 0.493600 0.000000
18 -1 1 321 0 0 -0.865438 0.696718 8.332379 8.420604 0.493600 0.000000
19 1 1 2212 0 0 -4.069211 -0.686502 84.213959 84.320229 0.9382760 0.000000
20 1 1 211 0 0 -0.139763 0.874913 0.296526 0.944676 0.139570 0.000000
21 -1 1 211 0 0 0.146276 0.174606 0.687693 0.737757 0.1395760 0.000000
22 1 1 211 0 0 0.094669 0.753815 0.228744 0.805607 0.139570 0.000000
23 -1 1 211 0 0 0.017227 0.141868 0.077126 0.214130 0.139570 0.000000
24 0 0 111 25 26 0.551571 1.819231 1.167728 2.235093 0.134980 0.000000
25 0 1 22 0 0 0.055067 0.253076 0.112069 0.282204 0.000000 0.000004
26 0 1 22 0 0 0.496504 1.566155 1.055659 1.952888 0.000000 0.000004 —
22 .10368E+00 .32155E+01 .28679E+02 .10000E+01 .15507E-01 .32911E+00 .15869E+01 .67435E-04 .31788E+00
1 -1 0 3 4 0.000000 0.000000 -5.000000 5.000000 0.000510 0.000000
2 1 0 2212 5 0 -4.997917 0.000000 99.875026 100.004462 0.9382760 0.000000
3 -1 0 11 0 0 -1.773208 0.223301 -4.805921 5.127476 0.000510 0.000000
4 0 0 22 0 0 1.773208 -0.223301 -0.194077 -0.127474 -1.793195 0.000000
5 1 0 2212 0 0 -4.997917 -0.000000 99.875024 100.0044600 0.9382760 0.000000
6 0 1 22 0 0 1.794342 -0.229589 0.375840 0.445064 -1.793195 0.000000
7 0 0 1 0 0 -0.506305 0.000634 10.017575 10.030362 0.000000 0.000000
8 0 1 22 0 0 1.794342 -0.229589 0.375840 0.445064 -1.793195 0.000000
9 0 0 1 0 0 -0.506305 0.000634 10.017575 10.030362 0.000000 0.000000
10 0 0 1 0 0 1.288036 -0.228954 10.393416 10.475426 0.000000 0.000000
11 0 1 2112 0 0 -3.217918 -0.230615 70.273602 70.353892 0.9395760 0.000000
12 -1 1 11 0 0 -1.773208 0.2233601 -4.805921 5.127476 0.000510 0.000000
13 0 0 1 16 18 1.214583 0.019765 9.816243 9.891119 0.000000 0.000000
14 0 0 2 16 18 -1.221373 -0.012451 19.591102 19.631915 0.330000 0.000000
15 0 0 92 16 18 -0.006791 0.007314 29.407345 29.523034 2.611030 0.000000
16 0 0 113 19 20 0.174899 0.416131 6.190305 6.240081 0.644193 0.000000
17 1 1 211 0 0 -0.717503 -0.779348 12.685437 12.730357 0.139570 0.000000
18 0 0 111 21 22 0.535813 0.3760531 10.531603 10.552596 0.134980 0.000000
19 1 1 211 0 0 -0.049526 0.120359 4.492805 4.496856 0.1395760 0.000000
20 -1 1 211 0 0 0.224425 0.295773 1.697500 1.743225 0.139576 0.000000
21 0 1 22 0 ] 0.115348 0.030448 2.465489 2.468373 0.000000 0.000025
22 0 1 22 0 0 0.420464 0.340083 8.066115 8.084222 0.000000 0.000025
43 .43775E-01 .33182E+01 .73362E+02 .10000E+01 .37900E-01 .32321E+00 .36555E+01 .62757E-04 .33484E+00
1 -1 0 0.000000 0.000000 -5.000000 5.000000 0.0005160 0.000000
2 1 0 2212 5 0 -4.997917 0.000000 99.875026 100.004402 0.938270 0.000000
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Event generators and hadronization models

« String Model (Lund) : JETSET, PYTHIA
(the most used hadronization model, ver'y successfully tested in
e+e-) 9 71

snapshots of string position

« Cluster Fragmentation Model: HERWIG

force gluon decays into quarks and antiquarks, g-gbar form colorneutral clusters ,
clusters decay isotropically into 2 hadrons , WhICh can decay further into stable

hadrons. .
<\ Y7 ) o /\1
a q N > -
z°
g
e e
« Independent model (Field-Feynman model) quarks and gluons q .

fragment independently

Note, those models lead to different distributions for low momentum
particles . For high momentum ( p-> 1) particles the differences vanish.
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B 000
Cross section

e (10GeV) x p (100GeV)
4 ) ™\
Neutral current, Q2>0 GeV Charged current, 8 >10 Ger
e- e \/
T~ W
o~200 ub 1y, Z0 a~100 pb
q
— —
P
P

- —fusi 2 Beyond the Standard Model
Boson-gluon-fusion, Q :10 GeV Leptoquarks, Q?>100GeV

o~60 nb —< e o~11b e- W
—— 1 =c,0b
R aat] >LQ<
_‘é G (x)

A q q
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Cross section E N=o - L =

-

\

e (10GeV) x p (100GeV)
L ~ 100 fb-! /year
Neutral current, Q2>0 GeV Charged current, Q2>10 GeV )
v
e- e e-
a~200 ub ty,Z0 a~100 pb W
N~ 2-10!4 events/year ; . q N~ 107 events/year E.g d
p P
_ i 2 Beyond the Standard Model
Boson-gluon-fusion, Q :10 GeV Leptoquarks, Q2>100GeV
a~60 nb ‘. { oo o~1 fb .- T
N~ 6-10%vents/year B : ,ljlzc’b N~ 100 events/year >LQ<
o q q
§ Nobel Prizel y

Yulia Furletova
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Cross section I Nz - L I

_ 10 30 2 .10 3! ~
o
' L ~10% cm-2s! (476MHz)
(Neutral current, Q2>0 GeV Charged current, Q?>10 GeV )
e- v

e- e \/

T~ w*
o~200 ub 1y, Z0 a~100 pb :

: ' 9
N~ 2-10¢ ev. per sec ; q N~ 1 events/sec g

(2MHz) ~ 2 events / us p

Beyond the Standard Model
e Leptoquarks, Q?>100GeV

o~60 nb e_<\x) 0 o~1 fb .- W
N~ 600 events/sec | : /’%=ab >LQ<
—é G ()

\§ _/

Boson-gluon-fusion, Q?>10 GeV
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Deep inelastic scattering and
General detector design considerations
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R 0000
From CEBAF to Electron-Ion Collider

Electron-Ion Collider

CEBAF Add new

Electron Collider Ring Booatar g
lon Source .
Electron Source
B ! 12 GeV CEBAF
100 meters
—

experiments

Fixed target
experiments
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R 000
Total acceptance detector

o Total acceptance and identification of
e | o all final state particles:

AN

Charge and Momentum measurements

‘ 9° ® + Energy measurements
p/A \\\ « Vertex origination
= . * Particle ID
N
OO
1. Scattered electron . . .
2. Particle associated with initial Ion Forward going particles or ion remnant
3. Particle associated with struck quark is par-ﬁculartly Cha”enging

> not usual concern at colliders
» Higher the Ton Beam energy, more
difficult to achieve.

=> Integration with accelerator is very
important
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The integration with accelerator

» Minimize a background at the detector area:
» Synchrotron radiation shielding
> Beam gas events
> Neutrons
» Beam halo

» Optimize a placement of magnets (final focusing) => acceptance,
luminosity

» Optimize a magnetic field for all magnets

» Synchronization ( between detector components and accelerator)

/A
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The integration with
accelerator (IP placement)

« IP placement (to reduce a background)
-Far from electron bending magnets (synchrotron radiation)
-close to proton/ion bending (hadron background)

lon Collider Ring

Electron Collider Ring

Electron Source

60
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The integration with
. | size ~80
accelerator ] Conton detortor ~10m

2.Far-forward electron detection ~30m

. IP placement (to reduce a background) 3.Forward hadron spectrometer ~40m

-Far from electron bending magnets (synchrotron)
-close to proton/ion bending (hadron background)

Extended detector: 80+ m

N ) \

¢ crab cavities --f--------------f--§-——---- |
! forward e{detbction forward ion detection ions |
Compton

polarimetry i i Illﬁﬁlllll I_l__.|_.__ __|__.|.__||__|_
Fkkkkkhrr

Example from
JLEIC design

1on crhb cavities

3. |.
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The integration with accelerator:
beam pipe and FFQs

W Need magnets to deliver
\ beam to IP
\\ Need magnets close to
> IP: the closer FFQs to IP
the larger our luminosity

But they limit acceptance
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Total acceptance detector

Beam elements limit forward acceptance
Beam crossing angle creates room for forward dipoles
and gives a space for detectors in the forward regions

1. Scattered electron
2. Particle associated with initial Ton
3. Particle associated with struck quark

Electron
Beamline

lon
Beamline

[—

. Central detector - limitation in size:

-in R - size of solenoid maghet Need a Total acceptance
-in L - a distance between ion quadrupoles detector (and IR) also for
which inverse proportional fo luminosity variable beam energies.
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The integration with
. | size ~80
accelerator ] Conton detortor ~10m

2.Far-forward electron detection ~30m

. IP placement (to reduce a background) 3.Forward hadron spectrometer ~40m

-Far from electron bending magnets (synchrotron)
-close to proton/ion bending (hadron background)

Extended detector: 80+ m

N ) \

¢ crab cavities --f--------------f--§-——---- |
! forward e{detbction forward ion detection ions |
Compton

polarimetry i i Illﬁﬁlllll I_l__.|_.__ __|__.|.__||__|_
Fkkkkkhrr

Example from
JLEIC design

1on crhb cavities

3. |.
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D eT e C T O r. C O ve r.ag e Extended dftector: 80+ m Example from
— \ \ JLEIC design
¢ crab cavities -- ' ion ' forward ion detection ions '
pocl:a?'%%?rr; | : Ill,««*llI.I.l—l_l_l_l_l_f_l_
nlII,||||||~ - ==t ti=f—
‘ _______________________
'|'|II |P~,,..-|*"""' Ojb cavities .
Ve s |
Barrel

Electron-

Hadron-
endcap endcap
Far- = L]
forward P =0 Far-
Electron oo M08 forward
0=45° Hadron
6=10q/»l’]=2.44
0=0=—>1=%
Pseudorapidity: For JLEIC:
Asymmetric design (due to asymmetric beam energy):
[”: - In(tan(6/2)) ] Zur'ren’rly 40cra IP shift Y ”

-11<n <15 (or ca30<6<25H)
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Event kinematic: scattered electron

10

N | | |
O
3 0<E'<20 GeV (2 GeV steps)
10 s 20<E'<100 GeV (5 GeV steps)
- (10x100 GeV)
1 02 §_ .................................... S SO
B N, .
: | 14
S [0 ) EEEE R fr’ﬁ/ n~<1.2
: P
- O P S8
2> i 1l o
1 :_“~\ *55/ j/ iﬁ
- /7 e ~176°
- yd e n~—35| ¢
1071 ’ -
. >
0 = ,~ e
10° 10* 10° 102 10" 1

X
Scattered angle => Q2

Yulia Furletova

forward
Electron forward

Electrons mostly scatters to
electron-endcap (green)

PhP (low Q2) - along
beampipe- far-forward
electron direction

High-Q2 - bounce back with
very high energy - barrel,
hadron-endcap (yellow)
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EXAMPLE

Kin plot X , Q°

Std Dev x 0.3324
Std Devy 04155

III]IIIIIIIIIIIIII

-16 -14 1.2 -

-0.8

-06 -04 02 O

log (X)

Yulia Furletova

4 h2xq2 0
be, Entries 401664
5 Mean x -1.31 )(
35 Meany  0.8653

Minbias: number of events in
bins of x,Q? (QZ>2GeV), high-x

-
- 5
v 10°
= Som
) -
o 0 s
|04 ERC 010 GV oon 190 Gehy
JLARLY
10
10°?
10
1
.1 p
10 Y
e
0 £ -4 1 » 1
10 10 10 10 10 10 1
X
67



R 0000
DIS kinematic -Part 1 Scattered electron

ep (10x100 GeV)

Qx«16eV?

e-endcap

barrel

h-endcap

3 45

40

35

IIIIIIllIIIIIIIIIIIIIIIIIIlllllllllllllllllll

LA

11l

1< Q2<10 GeV?

o

B
Il]lIlllIIIIIlIlIlllllllllIl”lIl”lIlllIIll T

- ]
°_4|'ll_41

Q2> 100 GeV?

e-endcap

palaaaalag

.barrel

Yulia Furletova
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Event kinematic: struck auark

10*
]

3 ..1< Fh <20 Ge 2V (2 GeV ¢ teps) A (q)
10 40 < Fh < 200 GeV (10 GeV steps) P/ {){—: d
(10 x 100 GeV) ’ p remnant

1 0 = L9 /
- ; Barrel /
B /
- V Bectron- / e
J endcdP ~ - / endcap
1 O = > Far- = 5 —ua
- 1l @ forward P Far-
- O Electron forward
B 8 Hadron
= | 11

- Fh

« Quarks/hadrons scatters to
hadron-endcap

107" > | » The higher the energy more
- ' p - = , L 1 forward
10° 10" 10° 10° 10 1
X * Measurements of Energy of
Hadron energy => x quarks equal to

measurements of x 69
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DIS kinematic -Part 1
Scattered electron

Kinematic reconstruction

a) Electron method uses
information from scattered
electron ONLY:

e Q%M =2E,Es (1 +cosfy),
® E,
=1- 1 - 0.),
b/ A * \\\ 0o YEM 2Ee( cos 0,')
.E @

x N 4EeEion ;
O

\@

Notes:

- Linear dependence on E. of the Q2
- This method could NOT be used
fory<0.1
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DIS kinematic - Part 2

p/A '
-

1. Scattered electron \\0
2. Particle associated with initial To N,
3. Particle associated with struck quark

c) Sigma method

_ Z (En — pen)
)’ez - E _ 1)Z H)
) (E, sin6,)*
Q ez = 1 .
=Y

Note: Does not depend on initial
electron beam energy, less
influenced by a initial state
radiation

Yulia Furletova

All other methods require
measurements of hadronic final
states ( particle associated with
struck quark), here are just two
examples

b) Double angle method
4E? sinyy, (1 + cos 6,/)

siny, + sinfy — sin (O + 1)’
sin@, (1 — cosyy)

2 —
DA —

YDA = sinyy, + sin@y — sin (@ + 1)’

Note: Does not require measurements of
scattered electron energy, but require a
good knowledge of hadronic final state :

P%‘,h - (Zh (Eh _Pz,h))z
P%*,h + (Zh (En — pz,h))2

cosyy =

71



DIS kinematic - Part 3

p/A t
-

1. Scattered electron
2. Particle associated with initial Io
3. Particle associated with struck quark

e e, v

\m
"0 e
p remnant

DIS kinematic could be
reconstructed from hadronic final
state only

d) Jacquet -Blondel method

Note: poor resolution compare to
other methods, but

this is the only method for
Charged Current DIS eventsll|

72
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DIS kinematic

log(QZ ) vs log(Q? )

2
-

log(Q

IIIIIIIIIIIIIIlIIIIlIIIIIIIIIIlllllllll

-
oo v v b vy by v b b by oy a

OO

Iog(Qfme) vs log(

)

2

log(Q

IIIIIIIIIlIIIlIIIIIIIIIIIIIIIlIIIIIIIII

-
TN SR A ST A B AT

Electron method

10

1

QZSIacque‘r-Blondel method

10°
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log(y, ) vs log(y,_ )

="yiull W U SR B SN EAT A SR

10g(y,,,) Vs log(y,)




R 0000
Other Particles

Today more then 200 particles listed in Particle Data Group (PDG)

But only 27 have ct> 1pm
and only 13 have cT > 500um

1890 1900 1910 1920
Illlllllll]'lllllllllllllllllll{
e~ P
1920 1930 1940 1950
Illlllllll]lllllllllllllllllllll
1 1 X
n et T} - K
1950 1960
Illllllllllllll
| | The Quark Idea
? * T*_ ?f ?? ? * f (up, down, strange) (ch (t;ottom)
005t Pvz0A0 p v & e, ol
KOA i n =0 wé¢ ¢ 1960 1970 v v 1980 1990
'I*fn— Ligi®seigsliqagugaieligeiryviig)
- A4 M A4
und viele mehr ... Iy tDTIANB WZ N(v)=3
(top) WX T E. D,
1990 | 2000 ¥ 2010 Ec
IlllllvllllllllllllllllK
t V-
By Osz. %
Ap
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B 000
"Stable"” Particles

Limited number of "stable” final state particles:

+ Electrons/positrons (e ™)

« Gammas (y)

« Individual hadrons (7 *, K* p)
« Neutral hadrons (n,KO)

« Muons (u %)

« Neutrinos (v)

é N

Charge and Momentum measurements
Energy measurements

Vertex origination

Particle ID

\ J

( )

« Particles could be detected and
identified via their interaction with a
material of the detector.
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LT 00 R
Particles associated with a struck quark

Position, origination and Tracking detectors
direction (x,y,z) -

Tracking detectors in a

Momentum (p)
P magnetic field

Mass (m) or Velocity (B)

o ' Time of flight,

Cherenkov radiation,
Transition radiation

p S
Energy (E) I Calorimeter
p S
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Far-Forward Areas Extended detector: 80+ m

e crab cavities ----r----o--momsoomoio s
: forward e detection forward ion detection ions !
Compton

poamety L] S
nm,uunllllllll—*ﬂi/—nme’H_ ettt

| /'/I/ """"""""""""""""""""" ! ¢

|/I/’ 1P ion crab cavities '

v .

Electron
Beamline

lon
Beamline

\ E |
¥
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Chicane for Electron Far-Forward Area

Example from
JLEIC design

Compton Photon
Calorimeter

G Laser System
N

Low-Q? Tagger

Compton Electron
Tracking Detector

e- Beam To Luminosity e~ Beam CCHTPGI
Spin Rotator Monitor From IP de’rec’ror'
— 4 - it
solenoid

* Low Q2 tagger
v For low-Q? electrons

Yulia Furletova
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Chicane for Electron Far-Forward Area

Example from
JLEIC design

Compton Photon
Calorimeter

e~ Beam To
Spin Rotator

G Laser System
N

Y
A
A
A
S
A

Compton Electron
Tracking Detector

Low-Q? Tagger

Luminosity
Monitor

e~ Beam
From IP

LUMINOSITY MEASUREMENT
VIA BETHE-HEITLER PROCESS:

* Luminosity monitor:
v" First dipole bends electrons
v" Photons from IP collinear to e-beam

Yulia Furletova

Central
detector
with
solenoid
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LR 0 O
LLImIHOSITV (GT HERA) LUMINOSITY MEASUREMENT

VIA BETHE-HEITLER PROCESS:

dogy  4dar? [ 5 2 s(1—y) 1

= “114+(1—y)— =(1—: In —— — —

dy Y +(1-y) 3( y)| |ln M,ym.y 2
Y:E'/Ebeam

Online measurements:
v’ Detect electron in low-Q2 tagger
v" In coincidence with photon

fi Iters PCAL

ZEUS spsc

fan

92m 95m 104m 107m

Synchrotron radiation ? , 80
Yulia Furletova



Chicane for Far Electron-going Area

Example from
JLEIC design

Compton Photon
Calorimeter

(: JLaser System
N

Low-Q? Tagger

Compton Electron
Tracking Detector

e~ Beam To

Spin Rofutor"

Luminosity
Monitor

e~ Beam
From IP

e Polarization measurements

v' First two Dipoles compensate each other

v The same polarization as at IP

v Minimum background and a lot of space.

v Measurements of both Compton photons and electrons

Yulia Furletova

Central
detector
with
solenoid

81



R 000
Electron polarization measurements

Compton polarimeter:

« Used to determine a polarization of electron beam

« TIncoming photons scatters off electron Compton Scattering

Setup in Hall C

Electron
Detector

Dipole

Scattered

\/\,f\/\;'\/\;\,f\//\,;*\/\/

Backscattered
Photons

Fabry-Perot
Optical Cavity

~1% electron beam polarization measurements
Simulation for EIC is ongoing

Dave Gaskell

Josh Hoskins 82
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Far-Forward Areas Extended detector: 80+ m

e crab cavities ----r----o--momsoomoio s
: forward e detection forward ion detection ions !
Compton

poamety L] S
nm,uunllllllll—*ﬂi/—nme’H_ ettt

| /'/I/ """"""""""""""""""""" ! ¢

|/I/’ 1P ion crab cavities '

v .

Electron
Beamline

lon
Beamline

\ E |
¥
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Far-forward ion direction area

Proton/Ion remnant DVCS, VM production Diffraction

e e
\E/
70

p(P) \t-" p(PI)

Figure 2. Exclusive vector meson production described
by perturbative quantum chromodynamics.

Scattering on deuteron Pion/Kaon structure

Double tagging

- D
L/ somrad

84
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Far-forward ion direction area

Central
Detector

lon
Beam I

S~
~
S~

~a_
~
~<.
-~
-~
B

Far-Forward
lon Detection
ZDC

« Tracking detectors (decay products of A',X (7,K))
« Roman-pots for (p)-tagging
« Zero degree calorimeter for (n)-tagging

Yulia Furletova 85



Exclusive J/y with JLEIC detector

Yulia Furletova

p(P)

\~ ',
’
t  p(P)
Figure 2. Exclusive vector meson production described
by perturbative quantum chromodynamics.

e+p ->e'+J'/1/)+p'

Using events, generated
by Sylvester J. Joosten

86



Far-forward ion direction area

-1

Far-Forward
lon Detection

Main beam is focused

) ~‘. "l

* High dispersion for of f momentum

30

Size (mm)

10 L

20 |
10|

0F

particles

10(5y beamenv --

______

-
il PN

............

L T ) L | L] L 1 L] ]
100, beamenv — -

Aplp=1% traj -----

80

n (black)
v (blue)




FAR-FORWARD AREA:

=

—

Occupancy avg_y vs. avg_x for beam proton, protn from A

avg_y (cm)

-~

e s e e

o =y o

A

Entries
Mean x

D4
16216

-3269

Meany  0.03885
Std Devx 07829

Std Devy 0.7869

-36
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Black: Beam Protons
vD4, location=6.5m from IP
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Kijun Park
Occupancy plot in virtual planes for protons

avg_y (cm)

& Y

A
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BEESE
==
T
o)
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Occupancy avg_y vs. aig_x for beam proton, protn from A
hYD8
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Mean x -
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RN
Summary

* Physics must drive the detector design.

« JLEIC detector design is based on a total acceptance detector and
particle identification concept. This means excellent forward/rear
coverage in addition to the central coverage, as well as on identification of
individual particle species.

* Machine parameters, interaction region and detector design must go
hand in hand, paying close attention to the emerging of
the EIC (a good collaboration among Accelerator Physicists,
Experimentalists, and )

ator Facility Yulia Furletova 5
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Polarization

Hadron polarimetry at EIC

At RHIC:
Polarized hydrogen Jet Polarimeter
(HJet): absolute polarization, but slow.
Proton-Carbon Polarimeter (pC): very
fast and high precision, but needs to be

TDC

normalized
033 067 10 13 17
90— L T T T
:TF(n)
80—65
70:_ T A , i [
0 nay
5040 B,
w0 S A
C o L T Y
30} ' n¥| \ ' |.'|' I-:III-
SO, - T
20 __16 E w“ﬂvaﬂh TR |."l"|| I,IM"" i F ) ‘l
0 T w

P E R NI S
50 100 150 200

New detector technology (fast ~ 10ps Si?)

Reduce TOF ?
Polarized D and He-3

Amplitude, ADC

Yulia Furletova

150

l "|‘i|"|..'-.'\-.\\ \ \"'*-~. ‘

5L % N -~
AL N \\ e

CTIRAANN T
04 06

Elke Aschenauer

BUT EIC is not RHIC!

Higher bunch frequency and
current.
Background?

1320 bunches —> bunch spacing 8.7 ns
| —>bunch length 6.6 cm
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lon Bunch Structure

® |on bunch formation

DC cooler
DC cooler BB cooler

\

@ Bunch structure in the ion collider ring

3.49 us (1664 bunches, 1.6 nC/bunch) 3.49 us (1664 bunches, 1.6 nC/bunch)
rms bunch length is 1 to 3 cm rms bunch length is 1 to 3 cm
> - >

0.27 us 0.27 us
@ 476.3 MHz) (128 empty bunches) (128 empty bunches)
- - - -

(132.9 kHz, ~2.26 km, 0.75 A)

Yulia Furletova

-
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Electron Bunch Structure

@ Bunch structure in the electron collider ring

3.6 us (1714 bunches, 5.9 nC/bunch up to 7 GeV) 3.6 ps (1714 bunches, 5.9 nC/bunch up to 7 GeV)

rms bunch lengthis 1 cm rms bunch length is 1 cm
- > - >

0.16 us 0.16 us
@ 76.3 MHz) (78 empty bunches) (78 empty bunches)
- > - >
-

>
7.52 ps (132.9 kHz, ~2.26 km, 2.8 A)
@ Electron injection scheme
fiing / fcesar = 476.3 MHz / 1497 MHz =7/ 22
\ injector pulse train up polarization from gun injector pulse train down polarization from gun
68.05SMHz bunch train, 3.6us 247 14.69 ns, 68.05 MHz (22
bunches (Ipyse up to 1 mA @ 5GeV) CEBAF buckets, 7 ring buckets) 2.1ns, 476.3 MHz
— —> 1ps, 14.7 pC bunch (1 ring bucket)

I (MR

‘Waiting for damping or - ‘Waiting for damping or - :
kicker recovery 10-400ms kicker recovery 10-400ms

A 4

A
Y

Lave =44 DA

Yulia Furletova 35



