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Future Colliders
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|ILC Electron-Positron Collider
250 GeV -1TeV

ENERGY
PLASMA RECOVERY|
MIRROR
/

ACCELERATION STAGE /
IN PLASMA CHANNEL / Schroeder et al.
LASER PULSE / JINST (2023)

Plasma Collider
10 TeV


https://iopscience.iop.org/article/10.1088/1748-0221/18/06/T06001
https://iopscience.iop.org/article/10.1088/1748-0221/18/06/T06001

Positron Acceleration in Plasma
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Plasmas are composed of mobile electrons and immobile ions.
The plasma response to beams of opposite charge is asymmetric.
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Experimental results on e™ acceleration at FACET
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Review of Positron Acceleration in Plasma

Review: Positron Acceleration in Plasma Wakefields
Cao, Lindstrom, Adli, Corde, Gessner, PRAB 2024
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Positron acceleration in plasma experiments lags behind electron
acceleration in plasma, in part due to a lack of experimental opportunities.
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AWAKE at CERN
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Electron Injection




Seed of an Idea

Off-axis electron injection trajectory
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On-axis electron injection

A. Gorn et. al. Phys. Plasmas 25,063108 (2018)
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“This would be a lot easier with positrons.”
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Seed of an Idea

Off-axis electron injection trajectory
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GBAR Experiment
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R. Hessami at CERN (2019)
Now Stanford Ph.D. student

Positron Beams from Traps

Compact Source of Positron Beams with Small Thermal Emittance,
Penning-Ma | mberg Trap R. Hessami and S. Gessner. Phys. Rev. Accel. Beams 2023.

Positron
Tra p

[ GBAR positron bunch is too long — investigate bunch compression. ]
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.123402
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.123402

Positron Beams from Traps

Compact Source of Positron Beams with Small Thermal Emittance,

R. Hessami and S. Gessner. Phys. Rev. Accel. Beams 2023.
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TABLE II. Beam parameters at the end of the simulation.

Beam parameter Value
Beam energy 17.6 MeV
Beam charge 15.43 pC
Bunch length (rms) 190 pm
Energy spread (rms) 0.76%
Transverse emittance 0.60 pmrad

-5 0 5 -2 0 2 -0.2 -0.1 0 0.1
Z (mm) Z (mm) Z (mm)

Longitudinal phase space during bunch compression

Final bunch length < 1 ps with 1E8 positrons.

4 N
AWAKE operates at 1 pulse every 30 seconds.
Implies 3.3E6 trapped positrons/second.

_ Consistent with GBAR parameters v ,
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91 km circumference e*e” collider
Colliding beams are unpolarized
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FCC-ee Z-pole operation

Precision Measurements

J. Keintzel, CERN

Table 15: Calculated uncertainties on the quantities most affected by the center-of-mass energy uncer-
tainties, under the final systematic assumptions.

Quantity statistics | AEcMabs | AEcMsyst—ptp|  calib. stats. oFEcn
100keV | d40keV [200keV/\/(N')|(84) + 0.05 MeV

(my (keV) 4 100 28 1 -

I'y (keV) 4 2.5 22 1 10
Z < sin*65f x 10° from A, 9 - 24 0.1 -

Aagrp(Mz) 5

9 T(-QQETJT—I\[_Z)_ x 10 3 0.1 0.9 = 0.05

(%) 300 keV 150 keV

WW< | my(MeV) 0.200 (?) 75 keV?

v (MeV) (757?) small OK

*) further clarification/documentation needed for W uncertainties in WW studies

(threshold meast, direct reconstruction)

POLARIZATION WORKSHOP
08 FEB 2023

JACQUELINE KEINTZEL
FCC-EE EPOL

Statistical precisions
4 keV at Z

100 keV per W

Aim for same order of

magnitude for
systematic precision

EPOL working group
aims at reducing the

systematic error on the

ECM

measurement

FUTURE
9 CIRCULAR
COLLIDER
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FCC-ee Z-pole operation

Precision Measurements - Keintzel, CERN

Table 15: Calculated uncertainties on the quantities most affected by the center-of-mass energy uncer-
tainties, under the final systematic assumptions.

Part-per-million Otrantity statistics| A Ecniabs | A Eemsys—ptp]  calib. stats. cEon
energy calibration! TO0KevV—>{ 40 keV [ 200 keV/\/(N7)|(84) & 0.05 MeV
(my (keV) 4 100 28 1 - Statistical precisions
I (keV) 4 2.5 22 1 10
£ # g n?05 x 10° from A, 9 - 24 0.1 - e
Aagep(Mz) 5
(| ogenMz) * 10 3 0.1 0.9 - 0.05 100 keV per W
i #) 300 keV 150 keV Aim for same order of
magnitude for
WW< m,,(MeV) 0.200 (?) 75 kev? systematic precision
v (MeV) (75?) small OK
*) further clarification/documentation needed for W uncertainties in WW studies Byl g
(threshold meast, direct reconstruction) systematic error on the

ECM measurement

FUTURE
POLARIZATION WORKSHOP JACQUELINE KEINTZEL 9 ‘ \ CIRCULAR

08 FEB 2023 FCC-EE EPOL

COLLIDER
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FCC-ee Z-pole operation

A. Blondel
,‘”_N£+"N:+ - .2 qeff 3 .\'—’n; -2 qeff
Scan Points B e T
0.8~ /_ 3
: T
T 06 =
- ¥4 idth " - . -
o nb) *F ] " o8 mass and wid F "l / = JsinZe,e | E
i C ; \ 5 0'2: I [ '7:‘ .......... =
25:_ - —No spread " / Z—'hadror.|s FOI’W&rd'BaCkward ) OCE [ (LQED(rnZ) K\ é/:/ ’ ; _E
£ af - Wanspreso e Assymmetry links the weak E — e vz :
£ & ) L x coupling with the EM- 02:—\\/ ' *7; | -
3| sE : coupling a0 1o -
g’ - / Al \ o6f // e A T |—E
o E K To measure the slope aroundthe 2~ F = [An(ee —pw) |3
& resonance at E;,,=91 GeV,ascan  E i . TS st | i
2 E+ —| atdifferent energies is proposed S0 0 0 w00 10 T 10 Gy O
i“ 43HI4I»3.5IH‘44“‘;14.5‘HI45I”-"‘5.5HI46I“46.5”“47“I‘i7‘5lll‘48 f = 19_ de
Foran GEV) T O A
| 4 g Ef | my}79.385-81.835 G, 142 085 GeV /
. A | =
IScan point  |y/s (GeV)|E}, (GeV)|Spin tune| £l | m480.385 GeV| ry=1.085-3.085 Gev | / W mass and width have
/5 A 87.69]  43.85 99.5 E v / presenlty rather large
/5~ Request| 879 4395  99.7 ): // / uncertainties — aim to be
_ : ' ' 3 reduced
/5~ B 88.57|  44.28)  100.5 E L 4
NED 91.21)  45.61]  103.5 S //%///
V3t A 03.86]  46.93]  106.5 €| LA
/57 Request 94.3|  47.15|  107.0 | S5 i
+/5+ B 94.74 47.37 107.5 S e . R E&(clow
o1 AL
k= M\

17



How to measure ppm energy changes?

A. Bogomyagkov, V. Caudan, E. Gianfelice-Wendt

Beam Energy and Spin Tune

* Beam energy is closely related to the spin tune v

Measurement of spin tune will yield the beam energy
- To be performed for the electron and the positron beam

Spin tune measurement might not be exact

E ... energy o5 T beam energy measurement, e.g. shift due
L e GRS, E =mc” <— - 1) to vertical or longitudinal magnetic
| G =« Speed of light & fields — to be studied in detail
—— Focusing quadrupoles V... Spin tune
Defocusing quadrupoles a ... anomalous magnetic dipole moment

—— RF strucure

Various contributions on the average beam
energy estimated

— synchrotron oscillations AE/E 21014
~ of “Sandled spin Energy dependent momentum compaction  AE/E 107
K s \ Solenoid compensation 2101
E—vﬁ a2 ';:0- ,,,,, O Horizontal betatron oscillations AE/E 2510
g \ Horizontal correctors*) AE/E 25107
Precession of spin over one £ Vertical betatron oscillations **) AEJE 2.5107
revolution in ideal machine with 3 Uncertainty in chromaticity correction O(10°) AE/E 5 108
spin tune of about 0.25 b s invariant mass shift due to beam potential 41010
e anm Measure spin precession of polarized electrons and positrons.
G NS
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Polarized Positrons at FCC?

Electron transfer line

Electron linac / Positron linac

20 GeV *
\

EC HE linac

-

Option 1: Inject unpolarized positrons into FCC ring and wait from them to polarize via Sokolov-Ternov Effect.
Problem: Polarization is 250 hours without wigglers and 12 hours with wigglers. Too long!

Option 2: Pre-polarize positrons in 2.86 GeV damping ring. This is CERN’s baseline design.
Problem: Damping ring adds significant cost to experiment. Not needed for electrons!

Option 3: JLab bremsstrahlung-based polarized positron source.
Opportunity: FCC needs relatively few polarized positron bunches. Save money and provide new physics capabilities!

s[ US HFCC program can provide seed-funding for polarized positron design effort at JLab. ]
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Back to SLAC

Csis aworld-leading laboratery.forultrafast science |1




Back to SLAC
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LDRD: Multi-Disciplinary Science with Compact Positron Source

Accelerator R&D

Exploring Pathways to Innovation
the and Discovery
Quantum in Particle Physics
Universe

Executive Summary

An upgrade for FACET-Il e is
uniquely positioned to enable
study of positron acceleration
in high-gradient plasmas.

Astrategic plan for the High Energy Physics Advisory Panel

Advanced Accelerator Physics
PHYSICAL REVIEW ACCELERATORS AND BEAMS

Highlights Recent Accepted Special Editions Authors Referees Sponsors

Review Article

Positron acceleration in plasma wakefields

Gevy J. Cao, Carl A. Lindstrem, Erik Adli, Sébastien Corde, and Spencer Gessner
Phys. Rev. Accel. Beams 27, 034801 — Published 5 March 2024

o
Laboratory Astrophysics

Physics of Plasmas PERSPECTIVE scitation.org/journaliphp

Review Article

Perspectives on relativistic electron-positron pair
plasma experiments of astrophysical relevance
using high-power lasers ¢ @

Article References No Citing Articles

Cite as: Phys. Plasmas 30, 020601 (2023); doi: 10.1063/5.0134819 @ 1. @
Submitted: 14 November 2022 - Accepted: 19 January 2023 - O
Published Online: 24 February 2023 fewOnine  ExpodCiaion  Crosshark

Hui Chen'” () and Frederico Fiuza™”

AFFILIATIONS

'Lawrence Livermore National Laboratory, Livermore, California 94550, USA
“SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA

“Authors to whom correspondence should be addressed: chen33@linl gov and fiuza@slac stanford edu

Ultrafast Materials Science

Article ‘ Open access ‘ Published: 22 June 2022 {

Many-body theory of positron binding to polyatomic
molecules

PHYSICAL REVIEW LETTERS 130, 263001 (2023)

Nature 606,

Many-Body Theory Calculations of Positron Scattering and Annihilation

7359 Acces! in Hy, N,, and CH,

C. M. Rawlins,

1
Centre for Light Available online at www sciencedirect.com

ScienceDirect

CrossMak
® Ref
. ELSEVIER Surface

Science Reports 71 (2016) 547-594

Christoph Hugenschmidt

FRM Il and Physik-Department E21, Te

Received 9 June 2016; receive

9
Available online 4 October 2016

Stanford Medicine first to try

out novel tumor-targeting

radiation therapy machine

Novel Treatment
Modalities

Positrons in surface physics™
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June 2016; accepted 24 September 2016
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https://med.stanford.edu/news/all-news/2023/08/biology-guided-radiation-cancer.html
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https://med.stanford.edu/news/all-news/2023/08/biology-guided-radiation-cancer.html

Challenges

Challenge #1

Produce, capture, and cool a
record number of slow positrons

Challenge #2

Compress and accelerate
positrons from trap while
preserving the beam quality.
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Production Rate Challenge

The positron trap provides high-quality beams, Nuclear Inst. and Methods in Physics Research, A 985 (2021) 164657
but at relatively low rate. The current Table 1
State_of_the_ art iS around 1 X 108 e+/ S. Per.formance of linac-based positron sources. .
Linac e~ energy e~ beam power Slow et flux Efficiency
MeV w 107 e*/s 1077 e*/e”
" M Oak Ridge [33] 180 55000 10 0.53
The FACET-II positron source based on the SLC p—— oo oo 1060 e
target system with a new damping ring can ETL, Japan [35] 75 300 L0 g
: KEK [36] 55 600 5 7.3
provide 3 x 1010 ¢*/s. Ghent [37] 45 3800 2 0.4
Giessen [38] 35 3500 1.5 0.2
Mitsubishi, Japan [39] 18 16 0.077 1.35
. . . GBAR, CERN 9 2500 5 0.28
We can purse high-impact accelerator R&D with Saclay, CEA [40] 43 300 0.2 0.05
only 1 x 107 e*/s, a ten-fold improvement over

the current state-of-the-art. vt 23 i ons ek GBAR Source

[ Requires kW-scale drive linac. ]
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Compression and Emittance Growth

How do we compress low-energy

beams while preserving beam quality?
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Test Area: XTA Linac at NLCTA

LDRD proposal requests 1 kW beam at
100 MeV to generate 10? e*/s

XTA can provide 60 MeV beam with ~1
Watt of beam power.

Fewer positrons per second, but option
to start immediately and test out
components.

[ Details in Sophie’s talk. ]
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Questions: Ultrafast Science with Positron Beams

» Positron beams interact differently with the

surface of materials than electron beams.

* This allows for direct probes of surface

dynamics.

« Partnering with Aaron Lindenberg (SLAC) on
first opportunities with short bunch positron

diffraction.

/

\.

\

Can we compress positron bunches to

sub-picosecond duration and

synchronize with external laser?

Azimuthal angle

Y. Fukaya, J. Phys. D: Appl. Phys. 52,013002
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Opportunities: Science with single, well-timed positrons

Craig Levin, Stanford Medicine
Radiology
PET Expert

We are partnering with experts from Stanford
Medicine and SLAC to provide single
positrons for Time-of-Flight Positron Emission
Tomography (ToF-PET) detector testing.

Ryan Coffee, SLAC
LCLS
Detector Expert

Other opportunities include:
e Well-timed positrons for PALS with Farida
Selim and Sami Tantawi (ASU)
e Ghostimaging with entangled gammas
from annihilations.
e Entangled gammas to probe qubit
decoherence with Noah Kurinsky (SLAC).

Annihilation |

Do some science soon.
Enable more science later.
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Research Roadmap We are here!

/

Current status LDRD Implementation at SLAC
2024 FY25-27 FY27 --

Conceptual Design AL

Electron beam-driven source

Buffer gas trap Demonstration Device
Positron beam extraction

Potential Applications Bunch manipulation NLCTA or B44
Application White Papers Il

Positron PWFA
Laboratory astrophysics
Ultrafast positron diffraction
Medical diagnostics

Radiation Physics Studies

Encapsulated radioisotope source
High-power linac source

g” Facility Upgrade

Site-specific Costing H’ FACET-Il or ASTA

FACET-II positron source
Ultrafast positrons at ASTA




Conclusions

SLAC is pursuing a compact positron source for science with ultrashort positron beams.

Ultrashort positron beams will enable new opportunities in:
e Detector physics

e Materials science

e Health and medicine

e Accelerator physics

SLAC’s work on targets, moderators, and beam physics is aided by collaboration with KEK and
synergistic with JLab’s aims.

The JLab positron source can provide unique opportunities for positron plasma acceleration
R&D and FCC-ee polarized positron source.

We are excited to continue our partnership with JLab on electron-driven
positron sources and the exciting science case for low-energy positrons!
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