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Motivation: Low emittance beams for better FELs

* Lower emittance beams result in better
free-electron-laser (FEL) performance for
the same beam energy

* Figure here shows the increase of pulse
energy for beams with different emittances

Pulse energy (m])
—
S

2] 10—3
p X Bep = :
820‘ :—-—IDDnm —a— 400 nm
n- -y 4 | 7 200nm  —a 500nm
)\ 10° 3 —— 300nm 3
En ~ 20 40 60 80
Photon energy (keV)
8 Am

Assuming 100pC 3.5 kA beam,
Ming-Xie parameterization,
parameters taken from Future

1 an IPA Electron Source report 2016

26
T AN - [



Motivation: High gradient field for low emittances

« Beam’s emittance is inversely proportional to the square of field

* Breakdown rate is proportional to field gradient & input rf pulse duration
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Motivation: High gradient gun driven by short rf pulses

« Argonne Wakefield Accelerator (AWA) demonstrate a high gradient photogun (~400
MV/m)

* Short rf pulses generated from another accelerator
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https://link.aps.org/doi/10.1103/PhysRevAccelBeams.25.083402

Compressed Ultrashort Pulse Injector Demonstrator (CUPID)

* Short-pulse X-band photogun driven by high power compressed pulses from klystron and
pulse compressors

 Demonstrated 317 MW from recently commissioned pulse compressors
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https://arxiv.org/abs/2605.00166
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Photogun design

e Operates at X-band (11.424 GHz)

« Over-coupled (allow RF pulses to rapidly fill in the photogun)
* Low external quality factor

* Low iris-to-cathode field ratio for high gradient operation

« Connected to a waveguide to make use of the existing X-band TM0O1 mode launcher




Photogun design

« 1.5 cell photogun

» Large aperture to have lower
quality factor
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Photogun design

* Time domain simulation using ACE3p

« 500 MV/m at cathode needs 275

MW peak power
500 MV/m at the cathode
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Preliminary high power testing results

. Peak Compressor Output: 166 MW
 Demonstrated 166 MW peak power to a single g g
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Photoinjector beam dynamics
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Photoinjector beam dynamics studies

RF pulse
compressors

ATBTCh RF hybrid

coupler

Bucking solenoid  Solenoid

> >
CUPID I'l_.....illl_
photogun

< ==
SLAS P 12

J Laser
g IITHRNINII g

S-band
linacs




Photoinjector beam dynamics result

* Simulations using General Particle Tracer

(GPT) 11.424 GHz
500 MV/m
* Final beam emittance at 63 nm 100 MV/m
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Photoinjector beam dynamics result
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LCLS with CUPID photoinjector
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LCLS with CUPID photoinjector

CUPID photoinjector
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LCLS with CUPID photoinjector

CUPID photoinjector

Laser heater
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LCLS with CUPID photoinjector

CUPID photoinjector

Laser heater
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LCLS with CUPID photoinjector

CUPID photoinjector

Laser heater
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Comparison between LCLS nominal and CUPID
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40 keV FEL output for LCLS nominal and CUPID
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Comparison between LCLS nominal and CUPID

* FEL performance analysis using Ming-

Xie parameterization and GENESIS1.3 10[’;
simulations ]
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Summary and outlook

We present CUPID, a photogun designed to run at 500 MV/m peak field with high power short rf pulses

« Beam dynamics studies of CUPID photoinjector show low emittances beams, down to 63nm

« Using LCLS with CUPID, we show that very hard x-ray FEL (>40 keV) generation with ~0.1 mJ pulse energy
* These results open a pathway for newer FEL science such as mesoscale probing with hard x-rays

* High power testing reaches 166 MW, corresponding to 413 MV/m

D[40

+ Detailed studies are here g
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https://arxiv.org/abs/2511.07592

Photogun design

One and half cell electron gun

Large aperture to have lower quality
factor
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LCLS with CUPID photoinjector

CUPID photoinjector
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LCLS with CUPID photoinjector
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LCLS with CUPID photoinjector

current (A)
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Solenoid

« A superconducting solenoid was designed for >< ><

CUPID photoinjector

Solenoid

Bucking

« Al b ipe i ded t dat .
ong beam pipe is needed to accommodate Solenoid

the solenoid

* Solenoid was designed by Cryomagnetics, Inc
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Mechanical design

A long beam pipe is used to connect the CUPID photogun to TM01 mode launcher

It is needed to accommodate the solenoid
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Mechanical design
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CUPID photogun beam dynamics

« Beam experiences oscillation it tis energy because of
residual traveling waves inside the waveguide

* This is the consequence of our design choice to use
TM10 mode launcher and long beam pipe
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