Qﬂf;g) EIC-FCC-ee collaboration on polarized electron beams

Preamble: the EIC project is approved.

It consists in upgrading the RHIC facility at Brookhaven (BNL)
to provide e-p and e-ion collisions

by adding an electron booster and a storage ring (familiar?)

The project design and construction is planned for the years 2020-2030
Existing

with start of operations in 2030. *> RHIC
tunnel

Key parameters of NSLS-II, EIC and FCC-ee (Z pole)

| Nsisi FCC-ee Z pole (W

Beam energy [GeV] 3 10 (18) 45.6 (80)

The electron storage ring has a number of features in common
with the FCC-ee rings, esp. FCC-ee-Z, (current, RF, etc..)

including the extensive use of beam polarization, Bunch population [101] 0.08 1.7 1.7
transverse in the rings, rotation to longitudinal at IR and back. Bunch spacing [ns] 2 10 15,17.50r 20

Rms bunch length [mm] 4.5-9 10 3.5 from SR

12 w. beamstrahlung

This offers a number of synergies and the interesting possibility 0.5 2.5(0.27) 1.39
of running experience before the start of FCC-ee >00 >91 or 394 400

SR power / beam / meter 900 7000 600

[W/m]
First meeting on 5 November https://indico.cern.ch/event/971271/, Critical photon energy [keV] 2.4 9 (54) 19 (100)
most|y to inform each other about the projects Potential collaboration topics: superconducting RF systems, efficient RF power sources, beam

h lef d d d kol . | instrumentation, impedance models, beam instabilities and their mitigation, higher-order
much lett to understand towards concrete wor Y an/tlme SCales o4e heating, beam feedback systems, interaction region (IR) design including masking and
shielding of synchroton radiation from dipoles and quadrupoles, SC final-focus quadrupole
) system, synchrotron-radiation monitors and handling equipment associated with the IR, self-
11/12/2020 Alain Blondel EIC FCC polarization (or depolarization), strategies for spin-orhit matching, and simulation tool
adaptations or developments of new tools, polarimeter desien, and the arc vacuum system
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welcome and short Introduction on EIC-FCC collaboration
Speaker: Michael Benedikt (CERN)

[ eicFcccollaboratl.. | [2 EIC-FCC collaborat]..

EIC physics use of polarization, requirements on polarization levels and measurement precision
Speaker: Vadim Ptitsyn (Brooknaven Nationsl Laoaretory

[3 Bic_PnysicsandPo..  [:4) EIC_Physics and Po..

FCC-ee --Physics use of polarization and requirements
Speaker: Alain Blondel [Universite de Geneve (CH

[A ABFCcC-espolanzat.  [& AB-FCC-ee-polarizat_

EIC: plans for implementation and operation of polanzed beams, and polarimetry
Speaker: Fanglei Lin

A 2020 11_05 Collab.-

FCC: plans for iImplementation and operation of polarized beams, and polarimetry
Speaker: Eliana Gianfelice-Wendt

[ Fcc_polanzation paf

EIC-particular challenges and foreseable difficultles.
Speaker: Eliana Gianfelice-Wendt

[A Eic_challenges.paf

FCC-ee-particular challenges and foreseable difficultles.
Speaker: Dr Jorg Wenninger (CERM

[A FcceePolEcal.cha- 4 FCCeePolEcal.Cha_

discussion on possible domains of collaboration

actlions and next steps
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As of my understanding

Concept of system

Detailed design and
Distribution of work

Complete R&D

Construction
Installation
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EIC reference schedule

FY19 FY20 FY2l FY22 FY23 FY24 FY25 FY26 FY27 Fr28 FY29 | FY30 © FY3l FY32 FY33
Criceal JECD-0(A) JECD-1  HECDIRECD-3
Ll Dec 2019 Mar 2021 Sep 2021 'Sep 2023 rove o
Decisions perations completion
Sep 2030 Juni 2032
Accelerator ‘ (e me ] ’Ear& (D-4a ’Ellnn‘r -4
Research & Systems are opment ] E‘m“npzl;rz? Compes

Development

Detector ‘Ilauan:h i Davalopmml ]
o .

Infrastructure  Apr 21 | |Sep 23
Design i
Accelerator Apr 21 |
Systems pr o ] Sep 24

Detector Apr 21 |

ISep 25

Infrastructure I Conventional Construction |

D T — aW%*uf
Procurement, Fabrication, Installation & Test %

Commiss. & Pre-Ops W%Wl
1 Y
Detector ’—Jm W

Level 0
Milestones

Accelerator
Systems

Detector

Accelerater
Systems

Commissioning
& Pre-Ops

Data
Date

Schedule
Contingency

Critical

Path

(A) Actual - Completed I:' Planned %

allows common development of hardware for the EIC

followed by production for FCC-ee
Alain Blondel EIC FCC Polarization




<< == >> PHYSICS WITH POLARIZED BEAMS

EIC: polarized-electron — polarized-hadron scattering

Performing experiments by flipping longitudinal spin of electrons

- injected in ring from a polarized e- source (similar to SLC). Spin rotations and store.
+ colliding with various (longitudinal or transverse) ion spin state.
-- Measurement precision required +1% P.(1+ 0.01) P~75%

EIC Measurements Requiring Polarized Bea o @'  poirized protons
Luminosity: 41 - 275 GeV
33 _ 34 -2 -1
T Tomograph i LN
Sp;n strlucture Tomography Transgve?sey
| of nucleons ) Spatial P g . =
\\and it / bt Mo polarized electrons: Light ions (d, Si, Cu)
— 5-18 GeV Heavy ions (Au, U)
Quark, gluon and quark and gluon Spin-dependent 2+1D coordinate | Spin-dependent 3D momentum space 41-110 GeV/u
ofbital momenta contribution to space images from exclusive images from semi-inclusive scattering
nucleon spin scattering
B . : T Pol. He-3
41-184 GeV/u
Pol. d (?)

U Center-of-mass energy range: 20 — 140 GeV

L At least 70% electron polarization at all energies
70% proton and He-3 polarization with six Siberian snakes

Double longitudinal spin asymmetries with scattering | || Single spin asymmetries with U Any polarization direction in electron-hadron collisions:

longitudinally polarized electrons off longitudinally scattering (un)polarized electrons S i B el

polarized protons. electrons off transversely and | E—— - = 3 -
longitudinally polarized - - - - - - o= 9> ” | ;
A protons. k‘fh
. L ,__-ﬁ \ % "’.
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CEE=DD FCCee polarization

o (nb) *F e[ ) gfi_— m,;=80.385 GeV I;=2.085 GeV
I e - natural build up of transverse §_: 7938581895 GV, 12,085 GeV
g wf [vmees] o polarization sped up with wigglers. s 0308 Gel T s 008 ot
5| o Use polarization for + 100keV ECM calib. 13
e md \ for precision measurements of Z,W, H £
| R eevt FEUUK U SUWR DUVt OULAUSL OO SO oo 200 ‘pilot’ bunches will be stored at the 13
_ essret | B (G2 beginning of fills with polarization NN I
Zline shape 2 m;and I';  jigglers ON, for about 1 hour to develop Sou (Ge¥)
Nty = arary . @DOUL5-10% transverse polarization. WW threshold=> m,, and I,
JB\\“‘* After a first energy calibration, the full 16} Bomn
ik /#/ | i Iurr_unosgty run will cgmprlse_ regular 12 py——
3 >““_< < calibrations (1/10 min) on pilot bunches. _F G L
24;\ ‘T : ' E ‘E 0.8 — -
/ E|AFB(;+E_ — 31 Polarimeter/spectrometer used both for " osf
f% ~wse w3 depolarization measurement and for 04
Cnn I Besn ® monitoring of relative beam energy 2E . | =~
at the same tlme AFB““(\/S) variations. O l2s08 125085 12508 125095 125.1
2 szeWeﬁ' Qqep (mz) Higgs s-channel production

need to know E_, Geepy 2 Ye=M,



G=D'

EIC Overview Design of Polarized Electrons in EIC

Design based on existing RHIC Complex
RHIC is well maintained, operating at its peak

* Hadron storage RHIC Yellow Ring 40-275 GeV
(existing)
o 1160 bunches, 1A beam current (3x RHIC)
o bright vertical beam emittance 1.5 nm
o strong cooling (coherent electron cooling)
* Electron storage ring 2.5-18 GeV (new)
o many bunches,
o large beam current, 2.5 A= 9 MW S.R. power
o S.C. RF cavities

* Electron rapid cycling synchrotron 0.4- 18GeV (new)
o 1-2Hz
o Spin transparent due to high periodicity

* High luminosity interaction region(s) (new)
o L=10%cm2s""
o Superconducting magnets
o 25 mrad Crossing angle with crab cavities

. 2 Spin. Rotators (longitudinal spin)
,,,u £ \‘,",._"’ﬁ‘ instn entatior

(transverse + longitudinal?) polarization measurement in RCS, needed for diagnostic and optimization
expect 95% conservation of polarization degree.
Precise polarization measurement in the storage ring.

11/12/2020 Alain Blondel EIC FCC Polarization 6

~ Polarized Electron Pre-Injector:
* Providing up to 85% polarized electron beams
» Rapid Cycling Synchrotron (RCS):

* Spin resonance free lattice by having a periodicity of 96 and a tune with an
integer value of 50, > 95% polarization transmission

» Electron Storage Ring (ESR):

» Highly polarized electrons with two opposite polarization helicities are injected
in to the ESR

» Polarization is vertical in arcs to avoid spin diffusion and longitudinal at IP for
physics experiments

* Spin rotators rotate the spin from vertical in arcs to longitudinal at IP

* Spin matching is implemented to preserve high asymptotic polarization and
extend the polarization relaxation time

« Electron bunches regular replacement down to a few minutes at highest beam
energy 18 GeV is needed to obtain a high average polarization 80%




Electron Pre-Injector

E. Wang, J. Skaritka

High voltage gun

»~ Spin rotator
114MHz buncher 570 MHz buncher Coil sclenoids
Corrector
. & J. L / Longitudinal manipulator te SD|2
t’. [ 1] (1]} n EEE EEE NEEE EER reduce energy spread
Q . . . .

EEE EEE EEN | EER EEE EEEN
Laser

400 MeV
seee “—I
3GHz buncher

2.856 GHz TWP linac (6 tanks)

Mott polarimeter

Electron Storage Ring
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5 9
% ,.:?U = 10 GeV Optics - Q,=0.12, OT{) 10, Q=0.042 esr- =012, 0V=u,m, Qy=0.046
E o 5 . . . 100 3 100
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V. Ptitsyn, E. Gianfelice-Wendt

» Simulation with errors

Assumed quadrupole RMS misalignments

horizental offset  dx% 200 pm
dy? 200 pm

&2 200 prad

vertical offset

roll angle

esr optics with Q,=0.12, C.)y=0. 10, Qg =0.046
100

18 GeV area ]
&0 Qrbitrms: ~0.05 mm, Coupling corrected < 0.002

80

40 r

iy

20t . 0
Linear -+
SITROS#H+

40 40.2

0

41

~  Spin matching is performed to minimize
depolarization at 18 GeV area

~  Longitudinal spin matching can not be done
perfectly at 10 GeV. However, the
depolarization at 10 GeV area is ~16 times
slower. Thus, averaged polarization >70% can

still be achieved under the imperfe i
matchi



<( ey O >) EIC running mode :

depolarization time should be >> longer than the time between injections

Electron Storage Ring

~ Inthe EIC, ESR electron bunches are regularly replaced. With high initial
polarization of 80-85% injected from RCS and proper refill rate, > 70%
average polarization can be reached.
+ 18 GeV:
- for 2.8 min refill: 40% asymptotic polarization => 80% average polarization
+ 10 GeV:
- For 10 min refill: 15% asymptotic polarization => 80% average polarization

S BP A BP N
' |1 Refilled every 1.4 minutes Re-Iuectlon It Refilled every 4.2 minutes
85% 120 '
50 |
X 0 PL.=80% 18 GeV with P..= 40% !
o i
-50 : :
- O e—— | i T - T e B, B :
85% -100 :

c? 112 ft(:I)STG } 8
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Quite a large amount of work to do
for full spin-matching of the system:

-- arcs with transverse polarization

-- spin rotators at energies from 5 to 18 GeV
-- detector solenoid and final focus

-- beam-beam depolarization

Depolarization is particularly damaging for the bunches
that are polarized antiparallel with the natural
orientation opposite to magnetic field.

My impression:

-- need to design “polarization tuning knobs”

-- continuous measurement of polarization in 3D
Px, Py, Pz is necessary to provide a reliable average
for the experiment and for tuning the system.

Alain Blondel EIC FCC Polarization 8



CEEE)D) Polarization at FCC-ee
Simulations of spin are performed by Eliana Gianfelice on SLIM/SITROS (including imperfections)
and simulation of misalignments and luminosity by Tessa Charles in a different time zone.

=>» run into machines that are sometimes pathological, (not the same code or machines, convergence is slow. )
=» other work to do: simulation and statistics on possible shifts between

-- tune spin (measured by resonance depolarization)

-- the beam energy

—(d;s) = d(s) = = (170 +iio)* Z Ap
- the centre-of-mass energy z { }

k=4z,1y,ts

b | =

eTitte,y

_ [—D +i(aD + ﬂD')]m,y
Aim,j:y - (1 + a‘Y) e2im(VEQa yy _ 1

AY ﬁm,y

In some short regions f, is much larger than in the rest of the ring!

Jzy
The same 45 GeV optics have been scaled to 80 GeV
e no wigglers

e no tapering (from previous simulations it seemed not crucial):

. L . . e Attempts of correcting the f, “spikes” with the skew quadrupoles were unsuccessful
— main FODO circuits adjusted for compensating sextupoles feed-down effect. P g ‘fy P q P

— vertical correctors used for minimizing f,.
For some seeds P, limits P although €, and D,, are small.

R(fy) I(fy)
45 GeV optics with Q,=0.11, Qy=ﬂ 23, Qg=0.07 SOOJ’GUD (January) Q,=0.097, Qy:D.WQA, Qg=0.049 J
100 100
ol A z 80f 0.004 —— 0.005 —
= ™ = before before
§ &0 \ A § eof 0003 L after 0.004 | after 1
: \ 2 L =
€ 5 E; VS € 5 PF; . - 0.002 = 0.002 | 1
0 P \ ol — B Z 0001} ] < ooorp 1
102 1022 1024 1026 1028 103 181 181.2 1814 1816 1818 182 ﬁ\ - 0 i
ary ay £ 0 | ; t
> I < 0001 | ]
_ -0.001 + 1 a 0002 1
Trms Yrms ngs €x €y Yrms D%‘f?ls €x €y |C | ca -0.003 + 1
(pm)  (pm)  (mm)  (nm)  (pm) (pm)  (mm)  (nm)  (pm) 0002 | -0.004 |
26 11 2 0222 (05 11 2 0792 (0.1 ) < 0.001 0003 R ‘ -0.005 .
IR R IR R ¢ o D v % D
. . s[kml s[km]
Well corrected machine (€, a factor & 20 smaller than design), but P few percent at

80 GeV in linear approximation, limited by the vertical motion... Is this an artifact?

Alain Biondel EIC FCC Polarization
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Would such a machine arise in real life after
dispersion correction for high luminosity?
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~ Polarization measurement: EIC

Electron Polarimetry in ESR EIC CDR

_ Plans for electron polarimetry in the EIC electron storage ring (ESR) include

+ a Compton polarimeter at IP 12, where the electron beam is primarily vertical
polarized.

+ A Compton polarimeter near the primary detector in the vicinity of IP 6, where the
beam will be a mix of longitudinal and transverse polarizations, is also under
investigation; since the region of the ring is extremely crowded, care must be

This seems to indicate taken in the assessment of whether a polarimeter can be accommodated.

that 3D polarimetry

Ibackncamernd photon (beam onargy SGaV] backscationd photon {beam enangy 18GeW)

1 1 . o - m N o ® u
is desirable: Pz, Px, Py 2 g r8s 8¢ -
&4 o ¢ oo <] R E
40— Rinner>8cm - E -
= Rwlw"zscm Rinner>9¢m -
: ~ - ~ o = nozoveaiposnon oy
20— 1 ) e beam - scatiured slsciron [baam snergy SGaV) i - wcattaresd akciron (besn anangy 180aV)
_ r . ______ | recoil electron / | . - I
L o~ | i - 1
x | I \. - - e
- L Rinner>6cm - horzoedal possion fem] : " haizoatal positon fom)
—20— \ Table 8.6: Asymmetries, measurement times needed for a 1% statistical measurement for
B - - \ Rinner>12cm one bunch and needed luminosities for three different beam energies for a 532 nm laser.
ol Rinner>9cm Ebeam [GeV]  Oyppor [barn]  (A) tls] (Ac) tls] L[1/(barn-s)]
0o, ) Entrance window 5 0569 0031 184 0029 210  137E+05
50 70 80 90 10 0.503 0051 68 0050 72 1.55E+05

18 0.432 0072 34 0075 31 1.81E+05

12 o’clock Z(m)

11 o’clock

11/12/2020 Alain Blondel EIC FCC Polarization
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Polarization measurement: FCC

Polarimetry

Compton polarimeter Beam polarization will be measured by Compton polarimeter(s).
e Solid-state pulsed laser with A=532

nm. FCC polarimeter sketch
FCC-ee polarimeter & spectrometer: Ep = 45.6 GaV, wp= 2.33 eV, k = 1.63.
e Measurement of the scattered e in T (7 T bears e I
600 - 2.1 mrad bent electron beam s | =
addition to photons, is planned. At 500 | 5 rd e e s
y - beam
low energy (few GeV), it allows a di- gl
rect measurement of the beam energy <
with good accuracy (50 KeV). Here it 0
-100 -
allows to get the needed accuracy with 200 | |
0 20 40 &0 80 100 120
some 1e9 bunch population. z

Figure 27. Sketch of the polarimeter with the lattice dipole (£ = 24.12m, #; = 2.13mrad,
B =0.01357T, Ry = 11302m), the vacuum chamber and the particle trajectories. Red vertical

e With a repetition frequency of 3 KHz el et e o e s 0 o e
and [N, = 1el0, the photon rate will be R
2e6 s~ 1, the precision 1% over 1 second
and bunch lifetime 1.4 h.

Yu.N. Munchnoy courtesy

Expect to perform the energy measurement in 10 minutes (needs some planning!)
Also we would like to measure the colliding beams to make sure they have P, &P;=0

11/12/2020 AldITT DIUINTUCT CIC e roidiiZduivli 4L
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... Will probably be issues at the time of operations!

EIC: (Eliana)

The “local coupling” knob has been embedded in the experiment solenoid compensation
scheme by Vasiliy Morozov.

Beam-beam studies (by Yun Luo group) however have shown a detrimental effect on

the proton beam.

/ﬁis simple idea must be revisited: “flat-to-round” scheme?
EIC electron storage ring challenges for getting the needed asymptotic polarization:

In conclusion...

e Well corrected orbit (few tens of microns); why large polarization was achieved in
HERAe at 27 GeV with &= 1 mm rms orbit?

e Well corrected betatron coupling: working point very close to linear coupling differ-
ence resonance.

Open questions:

e Matching of proton beam size without destroying polarization.

Beam-beam effects on polarization: SITROS calculations for HERAe were (too)
pessimistic.

11/12/2020
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ISSUES at DESIGN LEVEL ...

FCC: Jorg Wenninger

d The tools and codes used for FCC optics and beam dynamics (currently MADX, SAD) must
in the future integrate calculations / tracking of spins and transverse polarization.

— Avoid import/export of lattice configurations including errors between codes as this complicates
significantly the machine optimization.

— Integrate simulation of the local energy and of the resonant depolarization process.

Q A robust operation model must be established with transversely polarized bunches

circulating in parallel to high luminosity operation.
— Non-colliding, low intensity bunches for energy calibration.

— During initial phase of filling, need to polarize witness bunches with wigglers, followed by high
current bunch filling and operation.

— ldentify working points compatible with high luminosity and transverse polarization.

a A polarimeter, possibly for e+- and y, must be designd, compatible with the high beam
currents.

— Move from conceptual design to a technical design including detailled simulations.

O The depolarization process must be studied further to optimize the machine settings and to
develop an operational depolarization procedure.

— Impact of synchroton motion, in particular at W.
— Attainable accuracy and possible systematic biases.
— Design of the RF kicker.

Q Moving from an average beam energy measurement by resonant depolarization to the local
centre-of-mass energy involves an important number of corrections that must be controlled
to high accuracy.

— Distributed energy loss from SR and impedances, RF voltage distribution, local dispersion and
collision offsets etc.

— Systematic shifts arising from dispersion at the IP must be controlled through ,near perfect’ head-
on collisions — adequate diagnostics and procedures.

— Many systematic effects have been identified, but not all of them can be considered ,under
control’.
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@ Moving forward

Two directions for collaboration EIC-FCC-ee are clear:

-1- identify or develop computer code that allows to perform on the same machine
-- orbit tuning and trimming operations (both)
-- luminosity optimization (both)
-- simulation and optimization of spin (both)
-- calculation of difference between spin-tune and beam energy asin v =a. E,/m, (both)

See what labs ‘policy’ says on this.

-2- Development and implementation of polarimeter

The conceptual designs are the same Compton polarimeter measuring both transverse and
longitudinal polarization.

A polarimeter is a fun little accelerator/particle physics experiment with many evil details...

A collaboration on this should include experts from various labs and could form a very nice
international collaboration.



