C3 Demo and RF Accel.
R&D

Emilio Nanni
SLACmass
5/12/2022




Acknowledgements

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

SLAC-PUB-17661
April 12, 2022

Strategy for Understanding the Higgs Physics:
The Cool Copper Collider

Editors:
SRIDHARA Dasu#*, EMILIO A. NANNIP®, MICHAEL E. PESKIN3®, CATERINA VERNIERI3®
Contributors:

TiM BARKLOW3S, RAINER BARTOLDUS®®, PUSHPALATHA C. BHAT! KEVIN Brack**, JiMm Brau?,
MARTIN BREIDENBACH3®, NATHANIEL CRAIG”, DMITRI DENISOVE, LINDSEY GRAY!, PHILIP C.
HaRrRIS?*, MICHAEL KAGAN3, ZHEN L1u23, PATRICK MEADE®, NATHAN MAJERNIK®, SERGEI

NAGAITSEVT!4, ISOBEL OJALVO32, CHRISTOPH PAUS?4, CARL SCHROEDER!?, ARIEL G.
SCHWARTZMAN3®, JAN STRUBE?3, SU DONG36, SaMI TANTAWI®®, LiaN-Ta0 WANG!?, ANDY
WHITE?®, GRAHAM W. WILSON%6

Endorsers:

KAUSTUBH AGASHE?', DANIEL AKERIB3®, ARAM APYAN?, JEAN-FRANGOIS ARGUIN?®, CHARLES
BALTAY#®, BARRY BARISHT?, WILLIAM BARLETTAZY, MATTHEW Basso*!, LOTHAR BAUERDICK4,
SERGEY BELOMESTNYKH!437 KENNETH BLOOM?7, TULIKA BOsE*!, QUENTIN BUAT*3, YUNHAI CA13¢,
ANADI CANEPA™, MARIO CARDOSO%, VIVIANA CAVALIERE?, SANHA CHEONG'36, RayMonD T. Co?,
JOHN CONWAY®, PALLABI DAs32, CHRIS DAMERELL?®, SALLY DAWSON3, ANKUR DHAR3S,
FRANZ-JOSEF DECKER3®, MARCEL W. DEMARTEAU2®, LANCE DIXON3¢, VALERY DOLGASHEV3®, ROBIN
ERBACHER®, ERIC ESAREY!”, PIETER EVERAERTS**, ANNIKA GABRIEL3®, LIXIN GE3®, SPENCER
GESSNER3®, LAWRENCE GIBBONS!'2, BHAWNA GOMBER'®, JULIA GONSKI'!, STEFANIA GORI®, PAUL
GRANNIS®, HOWARD E. HABER®, NICOLE M. HARTMANT36 JEROME HASTINGS36, MATT HERNDON*4,
NIGEL HEssEY#2, DAvID HITLIN?, MICHAEL HOGANSON3®, ANsoN Hook?!, Haovl (KENNY) Jia#t,
KETINO KAADZE?®, MARK KEMP3®, CHRISTOPHER J. KENNEY3®, ARKADIY KLEBANER!, CHARIS
KLEIO KORAKA**, ZENGHAT L1*6, MATTHIAS LIEPE!2, MIAOYUAN L1u33, SHIVANI LOMTE*, TAN
Lowtl, YanGg Ma3!, THOMAS MARKIEWICZ3®, PETRA MERKEL!'4, BERNHARD MISTLBERGER®®,
ABDOLLAH MOHAMMADI**, DAVID MONTANARI'*, CHRISTOPHER NANTISTA®, MEENAKSHI NARAIN?,
TiMOTHY NELSON*¢, CHO-KUEN NG3¢, ALEX NGUYEN®®, JAsOoN NIELSEN®, MOHAMED A. K.
OTHMAN®®, MARC OSHERSON®?, KATHERINE PACHAL*?, SIMONE PAGAN GRISO'7, DENNIS PALMERS,
EWAN PATERSON3®, RITCHIE PATTERSON'?, JANNICKE PEARKES'3®, NAN PHINNEY?, LUisE POLEY??,
CHRris POTTER?®, STEFANO PROFUMOT®, THOMAS G. R1220%, RIVER ROBLES®®, AARON ROODMAN3S,
JAMES ROSENZWEIG®, MURTAZA SAFDARIT3®, PIERRE SAVARD*!#2 ALEXANDER SAVIN*Y, BRUCE A.
ScuumMt®, Roy SCHWITTE , VARUN SHARMA*, VLADIMIR SHILTSEV!*, EVGENYA SIMAKOV!?,
JOHN SMEDLEY'?, EMMA SNIVELY3®, BRUNO SPATARO®, MARCEL STANITZKI'®, GIORDON STARK'®,
BERND STELZER'2, OLIVER STELZER-CHILTON*2, MAXIMILIAN SWIATLOWSKI*?, RICHARD TEMKIN??,
JuLia THOM!2, ALESSANDRO TRICOLI®, CARL VUOSALO*, BRANDON WEATHERFORD3¢, GLEN
WHITE®, STEPHANE WILLOCQ?2, MONIKA YADAVS!® VYACHESLAV YAKOVLEV!?, HITOSHI
YAMAMOTO* CHARLES YOUNG3®, LILING X1A03%, Z1JUN X U3¢, JINLONG ZHANG!, ZHI ZHENG3®

More Details Here (Follow, Endorse, Collaborate):
https://indico.slac.stanford.edu/event/7155/

SLAL  SLACmass

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

SLAC-PUB-17660
April 12, 2022

C? Demonstration Research and Development Plan
Editors:

EMILIO A. NANNI®, MARTIN BREIDENBACH®, CATERINA VERNIERI®, SERGEY
BELOMESTNYKH?7, PUSHPALATHA BHAT2 AND SERGEI NAGAITSEVZ10

Authors:

Me1 Bai®, Tim BARkLow®, ANKUR DHAR®, RaM C. DHULEY?, CHRIS Doss’, JOSEPH
Duris®, AURALEE EDELEN®, CLAUDIO EMMAS, Joser FriscH®, ANNIKA GABRIELS, SPENCER
GESSNER®, CARSTEN HasTS, ARKADIY KLEBANER?, ANATOLY K. KRASNYKHS, JOHN
LEWELLEN®, MATTHIAS LIEPE!, MICHAEL LITOs?, JARED MAXSON!, DAVID MONTANARIZ,
PIETRO MUSUMECI®, CHO-KUEN NS, MonaMeED A. K. OTHMANS, MARCO ORIUNNOS,
DENNIS PALMER®, J. RITCHIE PATTERSON!, MICHAEL E. PESKIN®, THOMAS .J. PETERSON®, JI
QIANG?®, JAMES ROSENZWEIG®, VLADIMIR SHILTSEV, EVGENYA SIMAKOV?, BRUNO SPATARO®,
EMMA SNIVELY®, SAMI TANTAWI®, BRANDON WEATHERFORD®, AND GLEN WHITE®

LCornell University

2Fermi National Accelerator Laboratory

3Lawrence Berkeley National Laboratory

4Los Alamos National Laboratory

5National Laboratory of Frascati, INFN-LNF

SSLAC National Accelerator Laboratory, Stanford University
"Stony Brook University

8University of California, Los Angeles

9University of Colorado, Boulder

10University of Chicago

Additional Contributors

Mitchell Schneider
Charlotte Whener
Gordon Bowden
Andy Haase

Julian Merrick
Bob Conley
Radiabeam
CiciHanna

SLAC-PUB-17629
November 1, 2021

C3: A “Cool” Route to the Higgs Boson and Beyond

ME! Bar, TiM BARKLOW, RAINER BARTOLDUS, MARTIN BREIDENBACH
PHILIPPE GRENIER, ZHIRONG HUANG, MICHAEL KAGAN, ZENGHAI LI,
THoMAS W. MARKIEWICZ, EMILIO A. NANNI', MAMDOUH Nasr, CHO-KUEN Na,
MARco ORIUNNO, MIcHAEL E. PEskIN®, THoMAs G. Rizzo, ARIEL G.
SCHWARTZMAN, DoONG Su, SAMI TANTAWI, CATERINA VERNLERI*, GLEN WHITE,
CHARLEs C. YouNG

SLAC National Accelerator Laboratory, Stanford University, Menlo Park, CA 94025

JOHN LEWELLEN, EVGENYA SIMAKOV
Los Alamos National Laboratory, Los Alamos, NM 87545

JAMEs ROSENZWEIG

Department of Physics and Astronomy, University of California, Los Angeles, CA 90095

BRUNO SPATARO
INFN-LNF, Frascati, Rome 00044, Italy
VLADIMIR SHILTSEV

Fermi National Accelerator Laboratory, Batavia IL 60510-5011


https://indico.slac.stanford.edu/event/7155/

Various Higgs Factory Proposals for Next Collider

THETOHOKU REGION OF JAPAN

AOMORI

YAMAGATA MIvAGI

Tohoku
JAPAN

ILC
250/500 GeV

SLAL  SLACmass

CEPC
240 GeV

FCC-ee
240/365 GeV

3 COOL COPPER COLLIDER

e

R T B R S R T " S R R R R R R

250/550 GeV
> TeV

’
r
H
L

i
H
1
+
.

CLIC 380/ 1000/ 3000 GeV

7 Sy o cppe g f///
Compact Linear Collider {CUIC) ,(

R 222GV - |umocum
B 15 TV 390 ke (CLC1500) /
o

-

J“ﬂ

Schematic of an
80 - 100 km
long tunnel

of.-

T Lo

o

...--

CERN - FCC




Forward Power (MW)

3
C Cool Copper Collider

C3is based on a new rf technology C3 Prototype One Meter Structure

e Dramatically improving efficiency and
breakdown rate

Distributed power to each cavity from a — T
common RF manifold BB ERR o e ey |
Operation at cryogenic temperatures (LN, Ny,
~80 K)
Robust operations at high gradient: 120 MeV/m
Scalable to multi-TeV operation
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Cryo-Copper: Enabling Efficient High-Gradient Operation

Cryogenic temperature elevates performance in
gradient
e Increased material strength is key factor
e Increase electrical conductivity reduces pulsed
heating in the material
Operation at 77 Kwith liquid nitrogen is simple and
practical
e Large-scale production, large heat capacity,
simple handling
e Small impact on electrical efficiency
Nep = LN Cryoplant
Nes = Cryogenic Structure
N = RF Source

Nes 2.5
—Nep & E[O.IS] ~ 0.75

Nk
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C3 - Investigation of Beam Delivery (Adapted from ILC/NLC)

0.5

o

3
C Accelerator Complex

8 km footprint for 250/550 GeV CoM = 70/120 MeV/m
e /kmfootprintat 155 MeV/m for 550 GeV CoM - present Fermilab site

Large portions of accelerator complex are compatible between LC technologies
e Beamdelivery and IP modified from ILC (1.5 km for 550 GeV CoM)

e Dampingrings and injectors to be optimized with CLIC as baseline
e Costing studies use LC estimates as inputs
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Cryomodule Design and Alignment

Up to 1 GeV of acceleration per 9 m cryomodule; ~90% fill factor with eight 1 m structures

Main linac will require 5 micron structure alignment Two Meter Raft and Quad w/ BPM
e Combination of mechanical and beam based alignment

Pre-alignment warm, cold alignment by wire, followed by beam based
e Mechanical motor runs warm or cold - no motion during power failure
e Piezo for active alighment

Investigating support and assembly design

Cryomodule
Concept
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Tunnel Layout for Main Linac 250/550 GeV CoM

Need to optimize tunnel layout - first study looked at 9.5 m inner diameter in order to match ILC costing model
e Must minimize diameter to reduce cost and construction time
Surface site (cut/cover) provides interesting alternative - concerns with length of site for future upgrade

Cryomodule Unit - 9 m Usable Tunnel Width - 9.5 m
(630 MeV/1 GeV ) (Same tunnel width as ILC)
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C3 Demonstration R&D Plan

C3 demonstration R&D needed to advance technology beyond CDR level
Minimum requirement for Demonstration R&D Plan:

Demonstrate operation of fully engineered and operational cryomodule
o  Simultaneous operations of min. 3 cryomodules
Demonstrate operation during cryogenic flow equivalent to main linac at full liquid/gas flow rate
Operation with a multi-bunch photo injector - high charges bunches to induce wakes, tunable delay witness
bunch to measure wakes
Demonstrate full operational gradient 120 MeV/m (and higher > 155 MeV/m) w/ single bunch
o Must understand margins for 120 - targeting power for (155 + margin) 170 MeV/m
o 18X 50 MW C-band sources - off the shelf units
Fully damped-detuned accelerating structure
Work with industry to develop C-band source unit optimized for installation with main linac

This demonstration directly benefits development of compact FELs, beam dynamics, high brightness guns, etc.
The other elements needed for a linear collider - the sources, damping rings, and beam delivery system - more
advanced from the ILC and CLIC - need C3 specific design

Our current baseline uses these directly; will look for further cost-optimizations for of C>

f—;L ,%\s SLACmass 9



C3 Demonstration R&D Plan timeline

*+ Structure Development Damping 1
* Single Beam Dy Modeli
* Raft Development 1
* Vibration Studies - Small Scale
Design Demo Cryogenics
* Raft Development 2
D D 2

* Cry g g P
* Demonstrator Beamline Design
*+ Demonstration Proposal

Organize Demo Controls Group
* RF Comp (First Cry dule Test)
Dy Facility Cryogenic Engii

Medical, Industrial,
Compact Linacs

Assemble First Cryomodule
* Install Cryomodule with RF
* Injector RF Components
Assemble Injector
+ Install Injector
Beam Test Injector
*RFC ts (S d Cry Test)
ble Second Cry dul
* Install Second Cryomodule with RF
+ RF C (Third Cry Test)
Assemble Third Cryomodule

* Install Third Cryomodule with RF
* Beam Tests

[j C3 Demonstrator R&D

: (] : ) High Brightness
.~ Stage1 Photo-Injector
S n Linacs for Injection
i R
]
Stage2
1
<z =1 )
b—

Applications

Follow-On
Studies: Staging,
Positrons, Beam

Dynamics

High Energy Physics: Caterina Vernieri caterina@slac.stanford.edu
Accelerator Science & Engineering: Emilio Nanni nanni@slac.stanford.edu

f—;L ,%\s SLACmass

Project Planning are ongoing

Early career scientists
should help drive the agenda
for an experiment they will
build/use

Many opportunities for
other institutes to
collaborate on:

o beam dynamics,
vibrations and
alignment, cryogenics,
rf engineering, controls,
detector optimization,
background studies,
etc.

10


mailto:caterina@slac.stanford.edu
mailto:nanni@slac.stanford.edu

The Complete C® Demonstrator

Injector ‘ L
Liquid Nitrogen Tank

Liquid Nitrogen Insertion ..,  Three C? Cryomodules
and Nitrogen Gas 3

Extraction

Demonstrate fully engineered cryomodule
~50 m scale facility
3 GeV energy reach
Answer technical questions needed for CDR

Liquid
Nitrogen
Boiler

'3

9 "

Spectrometer / Dump
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Conclusion
Next C3 Workshop in Planning - May 17-18th @ Fermilab (https:/forms.gle/QoepiKu1j9AuDf6i8)

C3 can provide a rapid route to precision Higgs physics with a compact 8 = — {}

km footprint
e Higgs physics run by 2040
e Possibly, a US-hosted facility
C3 time structure is compatible with SiD-like detector overall design

and ongoing optimizations.
C3 can be quickly be upgraded to 550 GeV ,/
C3 can be extended to a 3 TeV e+e- collider with capabilities similar to £

CLIC |
With new ideas, the C lab can provide physics at 10 TeV and beyond

""" Fermi National
‘ Accelerator Laboratory

More Details Here (Follow, Endorse, Collaborate):
SLAZ  SLACmass https://indico.slac.stanford.edu/event/7155/
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XCC: An X-ray FEL-based vy Collider Higgs Factory

Tim Barklow!#, Su Dong!, Claudio Emma!, Joseph Duris!, Zhirong Huang!, Adham Naji',
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ZParticle Beam Physics Laboratory, University of California Los Angeles, CA
atimb@slac.stanford.edu

Abstract

This report describes the design of a vy Higgs factory in which 62.8 GeV electron beams collide
with 1 keV X-ray free electron laser (XFEL) beams to produce colliding beams of 62.5 GeV photons.
The Higgs boson production rate is 34,000 Higgs bosons per 107 second year, roughly the same as the
ILC Higgs rate. The electron accelerator is based on cold copper distributed coupling (C*) accelerator
technology. The 0.7 J pulse energy of the XFEL represents a 300-fold increase over the pulse energy of
current soft x-ray FEL’s. Design challenges are discussed, along with the R&D to address them, including
demonstrators.
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XCC - Near Term R&D - 1nC/pulse 120 nm-rad RF Gun

2017 TOPGUN cold Cu RF gun design study indicated that 200 nm-rad emittance could be

achieved with 1 nC/pulse

Now, an S-band cold Cu RF gun design study with a goal of 1 nC/pulse and 100 nm-rad emittance
at 120 Hz is being considered as an LCLS-X initiative.

1t Working Draft of Quad Chart for High Brightness Gun LCLS-X initiative

to be discussed tomorrow, May 13, 2022:

Emittance: 100 nm at undulator (NCRF)

D. Nguyen

W
1. Design a 50-nm emittance S-band gun
2.  Pursue low-MTE photocathode R&D
3. Develop a photocathode transfer for NCRF gun
4. Multi-pulse (in a train) laser R&D
5.  Study beam dynamics from gun to undulator to
identify & prevent beam emittance dilution

Why: Electron beam emittance has a strong impact on
the number of photons per pulse generated by the
CuRF linac FEL. The low-emittance gun producing a
train of electron bunches will enable the generation of
multiple, >100-mJ x-ray pulses at 1 keV photon
energy for gamma-gamma collider X-ray optics
demonstration. Also photon science applications in
single molecule imaging, warm dense matter and high
energy density science

Who: List who is involved and at what fraction (FTE) &
identify who the lead will be

e Lead: Tor Raubenheimer
Gun design: Glen, Bruce, Emilio, Dinh, Mohamed
Low-MTE photocathodes: Bruce, John Smedley
Photocathode transfer: John Smedley
Multi-pulse laser: Dinh
Beam dynamics: Glen
Collider & photon science applications: Tim, Dinh

wn

- ,%\s SLACmass

When: List intermediate milestones and expected
completion dates
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XCC - Near Term R&D - Production & Focusing of 100 mJ/pulse 1 keV X-rays

Assuming a 1nC/pulse 120 nm-rad emittance gun can be built, LCLS-NC Linac and undulator
simulations indicate that the existing LCLS soft x-ray undulator (SXU) could deliver ~33 mJ/pulse
with < 0.01% FWHM bandwidth. Add 9 more undulator segments to the SXU and 110 mJ/pulse

could be achieved. 1097 L i
® LCLS-NC new gun+9undJ
« XCC specifies that 700 mJ/pulse 1 keV x-ray beam 10% - A LCLSNC new gunonly ]
be focused from 9000 nm at undulator exit to 70 nm g et :LCLS-NC nowseliseeding B _gu0 :
at Compton IP a_\b = European‘."'. LCLS al
3‘ % XFEL”
. t 1O s
e Soft x-rays are harder to focus to sub-micron spot E " B FLAS’H_, # CERMI@Eletra o
sizes than hard x-rays, so that two difficult problems f‘g 101 ‘ il
(soft x-ray focussing and high power) have to be P b ||
addressed. g L .
e o
& 10 e . SPring-8
¢ 100 mJ/pulse 1 keV photon beam from LCLS-NC é P ESRE N "\ =
< 23 | ) -
can be used to design and validate high power soft ‘% o /—\ APS\\
x-ray optics. Photon science applications using ¥ ik - \
) & 10 — ‘ __ s\ —
100 mJ/pulse soft x-ray beams will also need such = 7 BESSY \ =
focussing systems_ 1019 _HAMM_HAMLLIM
Sl A% SLACmass 10" 10> 10° 10° 10° 10°
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XCC - Near Term R&D - Accelerator design and beam dynamics

» High compression accelerator optics w/ low beam energy spread
of 0.05% needs to be investigated in conjunction with gun design

«— 1M10m —

I . FIRSRE SY T S N—" &
> F I nal FOCUS' Final Focus Parameter Value L s ; l,I : H h‘\ .
E 62.8 GeV — 3, [m] I {642
B'xy 0.03 mm A 1
7, [m] |
YExy 120 nm-rad : =
&¢/E 0.05 % -
L* (QO exit to e IP) 3.5m g
O'xy 5.4 nm
n"*x 20 mrad 2 R
0 - . . e — L21.0,02
0 20 40 60 80 100 120 140 160 180
s[ml T

 Round beam FF, not tested experimentally
« 5X smaller beta function than CLIC; demands investigation of tolerances
 Integration of FF with X-ray optics, L* optimization, etc.
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hep-ex hep-ph

Abstract: The International Linear Collider (ILC) is on the table now as a new global energy-frontier accelerator laboratory
taking data in the 2030s. The ILC addresses key questions for our current understanding of particle physics. It is based on a
proven accelerator technology. Its experiments will challenge the Standard Model of particle physics and will provide a new
window to look beyond it. This docu... V More
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Comments: 356 pages, Large pdf file (39 MB) submitted to Snowmass 2021

Report number: DESY-22-045, IFT--UAM/CSIC--22-028, KEK Preprint 2021-61, PNNL-SA-160884, SLAC-PUB-17662

arXiv:2203.09718 [pdf]

hep-ex

. arXiv:2204.02536 [pdf, other]

Next-Generation Superconducting RF Technology based on Advanced Thin Film Technologies and
Innovative Materials for Accelerator Enhanced Performance and Energy Reach

Authors: A. - M. Valente-Feliciano, C. Antoine, S. Anlage, G. Ciovati, J. Delayen, F. Gerigk, A. Gurevich, T. Junginger, S. Keckert, G.
Keppe, J. Knobloch, T. Kubo, O. Kugeler, D. Manos, C. Pira, T. Proslier, U. Pudasaini, C. E. Reece, R. A. Rimmer, G.]. Rosaz, T.
Saeki, R. Vaglio, R. Valizadeh, H. Vennekate, W. Venturini Delsolaro, et al. (3 additional authors not shown)

Abstract: Superconducting RF is a key technology for future particle accelerators, now relying on advanced surfaces beyond
bulk Nb for a leap in performance and efficiency. The SRF thin film strategy aims at transforming the current SRF technology by
using highly functional materials, addressing all the necessary functions. The community is deploying efforts in three research
thrusts to develop next-generat... V More
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Transformation of SRF Accelerator Technology with
Distributed Coupling Topology & Materials Research

High gradient, higher temperature of operation, lower power consumption

SRF Parallel-Feed Linac Structure

SRF Materials Development

azimuthal, closed-drift current

target

O~ SLACmass 20



Questions?
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