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Area AM_

USA 72

Europe 26

Asia 16

Total 114
SERE
Talk 72

Poster 12



Working Group / Convener [C DU C

WG1 ERL Injectors: Injector Performance, Electron Guns, Cathodes,
Lasers

— Thorsten Kamps (HZB), Adam Bartnik (Cornell)

WG2 ERL Beam Dynamics and Optics: Collective Effects, Multi-Pass
Effects, Halo Simulations

— Michael Abo-Bakr (HZB), Vadim Ptitsyn (BNL)

WG3 ERL Beam Instrumentation, Controls, Beam Losses and Halo
Management

— Takashi Obina (KEK), Colwyn Gulliford (Cornell)

WG4 ERL and SRF, including SRF System Performance, Field Stability,
Synchronization, Special Requirements, HOM Damping

— Hiroshi Sakai (KEK), Erk Jensen (CERN)

WG5 ERL Applications
— Vladimir Litvinenko (Stony Brook), Oliver Bruning (CERN)



Sunday-June 7

Monday - June 8

Tuesday -June 9

V-\lednesday -June 10

Thursday - June 11

Friday - June 12

9:40|

Timetable

Plenary
+

Parallel
+

Poster

12:00|
12:15]
12:10|
12:15]
12:20|
12:25]
12:30]
13:00|
13:30]

5pm-Tpm
Check in/
Registration

Registration / Theater lobby

Theater

Opening

S. Belomestnykh (BNL/SBU)

Welcome

1. Ben-Zvi (BNL)

Energy Recovery Linacs : Past, Present and Future
M. Tigner (Comell University)

ERL-based Electron-lon Colliders

V. Plitsyn (BNL/SBU)

Group photo / Theatre lobby

Theater

Lecture Hall 1

Lecture Hall 2

Lecture Hall 1

Lecture Hall 2

Non-destructive Beam Position
Monitoring in Two-Beam
Section of ERL
T. Obina (KEK)

Satellite Meeting

Diagnostic Test-Beam-Line For
The MESA Injector

I. Alexander

Diagnostics at the ALICE IR-FEL |

Beam Current Monitoring with
ICT and BPM Electronics
I. Pinayev (BNL)

Fast Electron Beam and FEL

at Daresbury Laboratory
F. Jackson (STFC Daresbury)
Current Measurement and
Associated Machine Protection
in the ERL at BNL
T. Miller (BNL)

Parallel

(Institute for Nuclear Physics -
Ul

J Wire Scanner
igh Intensity
rators

jomell U.)

Detection and Clearing of
Trapped lons in the High
Current Cornell Photoinjector

S. Full (Comell U.)

GaAs Photocathode R&D

L. Jenes (STFC/Cockcroft)

Coffee Break (15 min)

Theater

Lecture Hall 1

Lecture Hall 2

The Femto-Science Factory: A Multi-turn ERL Based Light

Source

T. Atkinson (HZB)

Operational Experience of DC
Photoemission Gun at the
Compact ERL

N_ Nishimori (JAEA)

€RHIC: an Efficient Multi-Pass
ERL based on FFAG Return
Arcs

S. Brooks (BNL)

CERN SC RF and ERL Test Facility Plans

D. Pellegrini (CERN)

Development of a 500 kv DC
Gun with Narrow Gap

M.Yamamoto (KEK)

Correction Methods for Multi-
Pass eRHIC Lattice with Large

C. Liu (BNL)

A FFAG-

Plenary

A High-Peak and
Current, Low Em
Lifetime Electror|
ERL Appli

X. Chang (F.

bERLinPro Overview
J. Knobloch (HZB)

The Progress of Funneling Gun
for eRHIC Injector

E. Wang (BNL)

Parallel L

Beam and Polarization

nd Beam-

Dynamics in Electron FFAG
Lattices

F. Meot (BNL)

Lecture Hall 1

Lunch on your Own (1 hr 35 min)

Lecture Hall 2

Theater Lobby

Poster Session

AR —

Theatre

Lecture Hall 1

Lecture Hall 2

Result of the C: issil

5. Sakanaka (KEK)

on cERL in KEK

High Accuracy Adaptive Laser
and Electron Beam Shaping

J. M. Maxson (Comell U.)

Comell Injector Performance
A Bartnik (Comell University)

Solving the Roughness of Alkali
Antimonides

J. Smedley (BNL)

Investigations on Transverse
Beam Break Up Using a
Recirculated Electron Beam

T. Kuerzeder (TU Dammstadt)

HOM-BBU Simulation for KEK
ERL Light Source
S.Chen (KEK)

10 Years of ALICE: From Concept to Operational User

Facility

P. Williams (ASTeC)

In-situ XRR Analysis on

Linear Microbunching Gain
imation Including CSR and LSC

Photocathode Grown by
Sputtering

Z. Ding (SBU)

Impedances in Recirculation
Machines

C-Y. Tsai (Virginia)

Design Work of the ERL-FEL as the High Intense EUV Light
Source

N. Nakamura (KEK)

Characterization of Multi-Alkali
antimonide Cathode at
Cryogenic Temperature and its
Performance in SRF Gun

E. Wang (BNL)

Study of CSR Impact on
Electron Beam in the JLab ERL

C. Hall (Colorado State U.)

Lecture Hall 1

Coffee Break (15 Min)

Lecture Hall 2

Theater

BNL tour

‘WG1 Report Challenges in Guns and Injectors

‘WG2 Report Beam Dynamics Challenges in ERLs

WG Summary

Coffee Break (15 min)

Theatre

Lecture Hall 1

Lecture Hall 2

Lecture Hall 1

Commissioning Program for the Transverse Emittance The Optics of the eRHIC Low
704 MHz SRF Gun at BNL Preserving Arc Compressor: |Energy FFAG Cell with Realistic
Sensitivity to Beam Optics, Field Maps
W.Xu (BNL) Charge and Energy N. Tsoupas (BN)
S. Di Mitri (Trieste)

Commissioning and First RF | Aspects of eRHIC Longit Optics Ci for the,
Results of the 2nd 3.5 Cell SRF Dynamics Cornell BNL FFAG-ERL Test

for ELBE Accelerator

A Amold (HZDR) Y. Hao (BNL) C. Mayes (Comell U}
First Beam Characterization of Discussion Discussion

SRF Gun Il at ELBE with a Cu
Photocathode

J. Teichert (HZDR)

Discussion

Lecture Hall 2

WG4 Report SRF Challenges in ERLs

WG5 Report Applications

Close out talks / Adjourn




Parallel 1




MY —LBRE

v iTI'\ZQ_Ai”’_(‘
BADI—E—T—TIL %mi

The PHENIXG I wit] \f_:_, Dicce
collyns pmntlswsihle ik




KEK/JAEA D'BDB10E ]

IRP Plenary Talk F & BFFIE
— Successful Result of the Commissioning on cERL in KEK
h4Y Plenary Talk
— Design work of the ERL-FEL as the high intense EUV light source
WA )
— Development of a 500 kV DC Gun with Narrow Gap
7axx, IPC
— Operational Experience of DC Photoemission Gun at the compact ERL
Si Cheng
— HOM-BBU Simulation for KEK ERL Light Source
yaJH, 10C
— Science cases on ERL as a synchrotron light source
WE, 10C
— Laser Compton Sources Based On Energy Recovery Linacs
=, WG3 Convener
— Non-destructive Beam Position Monitoring in Two-Beam Section of ERL
i3, WG4 Convener

— Operational Experience of CW SRF Injector and Main Linac Cryomodules at
the Compact ERL

Feng Qiu
— Performance of the Digital LLRF Systems for cERL at KEK



[ WG1 : Injector (Gun, Laser, Cathode) ]

« WG1 Summary Talk 588

« Gun
— RF/SRF/DC
— Performance, limitations, operational experience
« NDYV-—FEE
— Black magic or science ?
— Roughness
— Operational experience / frustrations
. L—t—pa%
— Power (more or less) solved
— Need : Stability, synchronization, reliability
— Shaping

FAHZRIA. IULKRSADFERKRIZDINT:
FEODOBEFZR TS HIIEEALEFEAN. BRORIGIFETHRL. SEDHEELIERIZH
FESNTULEL:



A. Bartnik (Cornell) - DC Gun / Injector
Met specification for LCLS-Il FEL Injector

& 10f opC  20pC  100pC  300pC
-
o
+ No emittance x 0o @ \ a
asymmetry @ 0 (@)
B 0
* Met LCLS-ll spec at all " {m"”}
charges
'§ 10} 0pC '20pC  100pC  300pC
» . ‘CJ_
Slalm: SRF settings for x 0of @ % $ %
all charges & . )
0
‘f {mm)
Q_(pC EakTarget (A) m g, Target (95%, um) | €, (95%, pm)
0.25 H: 0.18, V: 0.19
100 10 11.5 0.40 H: 0.32, V: 0.30 80%
300 30 32 0.60 H: 0.62, V: 0.60 70%

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 5



Cornell DC Gun / Injector
Good agreement when using real laser profile

Ideal Shape . g Measured Shape

€ (um)

rms bunch length (ps)

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps



E. Wang (BNL) — Demo for a Funneling DC gun at 50
mA to maximise cathode standing time

Single cathode:470 KHz*5.3nC=2.5mA
After funneling:9.4 MHz*5.3nC=50mA
20 Photo-cathodes

arranged in a ring Gatling gun 10MeV
/

i 1% Energy spread
Fixed magnetic ™. 3 harmonic
bending .  Bunching cavity

. cavity (112 Ballistic Booster

o v - Y MHz) compression  linac
.Y | Ddeg \

!

1

I-‘- = = =
i S CREA O I sl m i Ev e R B - -

; A L} AR L]

. /E .
I ------------- / ™ Combiner, 470kHz rotating
A | magnetic bending

=~ G-bun Laser
i et Systems

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 14



SRF Gun

* DCGun [CHENDE, FEECHABRDZIFHINTND
« BNL, HZDR (D Activity

W. Xu (BNL) - Commissioning of 704 MHz gun and MP- J. Teichert (HZDR) — Results from beam measurements
free cathode stalk design with SRF gun Il at ELBE

He port

i

b0 vessel
- cathode aignenent

N \E

cathade cooling
cathode

icell canity

1. SRF Gun Il with 7 MV/m acceleration gradient will improve user operation at
ELBE
= Cu cathode measurements show very reproducible and promising results
- simulation predicts operation up to 500 pC despite the lower gradient

Building up:
2. The photo cathodes are the bottle neck at present

Mid. 2010: vertical cavity test in Jlab, reached 2.9 MV w/o cathode stalk. 2.9 MV/0.0BZ m = 35 lem
Commissioning: high qualitiy & clean photocathodes
Nov. 2012 to Mar. 2013: Commissioned SRF gun cavity w/o cathode stalk inserted. - test of Mg full metal cathodes
=Demonstrated the SRF gun to be able to operate at 2.0 MV CW. - than Cs2Te photo cathodes
= The amplitude stability is 2.3e-4 rms and the phase stability is 0.035 deg rms. . . i
Aug. to Oct. 2013: Commissioned SRF gun cavity with copper cathode stalk inserted 3. Anext SRF Gun with high gradient
: R G2 G - Refurbishment of old SRF gun cavity at DESY within MaT/ARD
->Found operational parameters: 1.85 MV, 180 ms, 1 Hz - limited by multipacting in the stalk. 3 % . : S
D It i b kbt Ta b o bk GE=5 Figh . - Cavity design for improved SRF gun cavity and fabrication
beann:sngn a new multipacting-free cathode stalk with Ta tip for high QE => high current electron of new cavities (2017 ...)
11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 18 11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 20



Drive Laser

J. Maxson (Cornell) - Laser shaping with SLM

* Simple shaping method demonstrated

* High current -> more work needed to surpass
thermal damage threshold (e.g., just cool it?)

0 Intensity 1

Shaped laser profile

Initial laser shape Desired beam shape Shaped e-beam profile

Y (mm)
Y (mm)




WG1 DFE 8D

Conclusions

There is a robust choice for an ERL class
injector = DC gun

We need more demo and test experiments to
push limits of the SRF gun concept

Photocathode R&D is now strongly benefitting
from material science methods = departing
from alchemy

From the drive laser we expect more results
on control of laser parameters in the future.



[ WG?2 : Beam Dynamics / Optics

« Hot Topics
— FFAGICR3 9 D5E-ENMEER D
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FFAGICBS T D1R5E

eRHIC, Cornell "CF¥5708YIC&57d © Collaborations&E1730

FFAG Recirculation (eRHIC):

Basic Principle:
Strongly focusing lattice, using quadrupoles, which centers are offset
Should be able to transport beams in wide energy range (factor 4)

Used at:
* Sub-GeV range proton accelerators o L Entrgy FEAG (1 righ Eneryy FRAG I}
* NS-FFAG electron accelerator EMMA ooy —E=2.3 GeV
" E=212GeV
Future applications: E o ===—===
* eRHIC o B -
* Cornel-BNL ERL-FFAG Test Facility I Nl |
* Other future multiturn recirculators ? e ke NS BD OF

o0 0% 10 18 20 2% A0 OO O 1o LE: 3O 2% an
& [mi] & ]

Orbits in eRBHIC Transition section

e A ————
AARRARARATY
AT

Alm



| Cornell TO3HE : 2014/12ICWhite Paperit

LiZ

A FFAG-ERL at Cornell, a BNL/Cornell Collaboration,
Georg Hoffstaetter (Cornell University)

« NS-FFAG arcs, four passes (similar to first eRHIC loop)

* Momentum aperture of x4, as for eRHIC

« Uses Cornell DC gun, injector (ICM), dump, 70MeV SRF CW Linac
* Prototyping of essential components of eRHIC design

* Implementation in stages




Cornell C5TE L CL)D5ERN0

= }

spreader 3%

4-Turn CA286 MeV
755 16MV/m
8-Turn 600 MeV EV\DOBFEEHD5 L)

v Example study: Orbits
P for different energies

YD T T « 22 2XD multi-energy [CXY9 Dt EN#IE

Example study: FFAG
ERL orbit corrections

Cell Arc-to-Straight (10 cells)
- —786 MeV BoAUAA
.
216 MeV 1 | —M__
— 76 Mev il e A ny i AN ANy
146 MeV ) 1
o (m ‘
.............................. 36w
Focus Defocus = T T
8 cm 11 cm i
425T/m -27.5T/m N
0.104T -0.5044T
A

Georg. Hoffstaetter@cornell .edu

(Orvigt ... XXXXX

ERL Workshop, 08 June 2015 (m]

500 um rms x offset errors

Full FFAG arc

Georg. Hoffstaetter@cornell .edu

ERL Workshop, 08 June

SVD correction given BPM readings
for separate beams and correction
coils on every other dipole

Full FFAG arc

2015
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Cornell Laboratory

B8 };} Accelerator ‘Sciences and | OE cleaned out for CI} FRL
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Georg Hoffstaetter@cornell edu ERL Wurup, 08 June 2015



Conell CB ERL ERETIH

ECEXTFEDEMINDDDNIAN. HEDOESHLIZ?

< \ Cornell | :'!.Z_"III'.'E|l_'!-r"-.-'.|-l__':'r' ;
/1? }{ '.'r.'-.:']tr‘.lf. o ]'Ill'.:]l;'[li_'jl'."“.- and A p055|b|e draft schedule
o LA wucabnon (L LASSE)

P
.

(

\.::.I =] 1..':.#

Start 2015 — Start 2016: Cleaning out of experimental area, and injector and MLC test
Start 2016 — Start 2017: Install 4-turn ERL-FFAG for 23.5, 41, 58.5, and 76 MeV.

Start 2017 — Mid 2018: Commissioning of 1 to 4 turn ERL and accelerator physics studies.
Replace Cornell’s MLC with BNL's eRHIC prototype cavity, tuned to 433MHz. Perform
high-current experiments, including HOM heating studies. Study the multi-turn BBU
threshold for eRHIC cavities.

2015 2016 2017 2018

Area preparation

A-turn installation

A4-turn comissioning, MLC

4-turn studies, eRHIC cavity

Georg.Hoffstaetter@cornell .edu ERL Workshop, 08 June 2015 34



bERLinProMIASR

« SRF Gun DBEFIZETTD (at HoBiCaT), THEHNARZZED,
« BIVIN—XRIUEDAYVE-SFIYZAEERZESIEEDOO>TUND
. BRHYICIE 100 mA BIST (20205)

J. Knobloch, 2015-06-08

bERLinPro layout HZB......

= M. Abo-Bakr et al., “Status of the HZB ERL project bERLinPro®, Proc. IPAC2014
= J. Knobloch et al_, *bERLinPro — addressing the challenges of modemn ERLs (a status report),
ICFA Beam Dynamics Newsleffer 58, Aug. 2012, (hitp2/fwww-bd fnal. govficfabd/MewsletterSS._pdf)

m aump
Test and diagnostic line (straight on) v 65 MeV, 650 kW
(5mA@10 MeV dump, energy & slice diag.) I .

f nac module AE = 44 MeV
3 " 3x 7-cell SRF cavities
J&gleg Merger Challenge
Challenge = Waveguide HOM dampers
- Preserve emittance = BBU :
- Colimation = Coupler kicks
. = Feld emission

Booster (modified Cornell systern) AE = 4.5 MeV
3= 2-cell SRF cavities

Challenge:
i = 230 kW/cavity beam loading! :
- - High-power coupler design Baseline parameters
SRF photoinjector, with SC solenoid, 1.5— 2.3 MeV BTG Design goal
Challenge:
= 30 MV/m CW operation with Csk5b cathode max. beam energy 50 MeV
* Cathode performance @ 100 mA max. current 100 mA (77 pC/bunch)
= Dark current/halo conirol
= Emittance compensation frequency 1.3 GHz
TS normalized emittance 1 mm (ca. 0.5 mm sim.)
Faciliiy is fU"Y funded bunch length (straight) 2 ps or smaller (100 fs)

{(Helmholiz Assoc., HZB and State of Berlin) losses <105
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|

« ERZEWRNCEHELUC. 28D, EICIEUL,

16 J. Knobloch, 2015-04-08
Building: on paper HZB
Zentrum Berlin

v P O ¢ ? ?

= O —( —
r Infrastructure building

_‘ (including control room)

Utilities access underground

Parfially shielded ante-room for
equipment that must be close to accelerator
(klystron, cold-compressor for cryogenics)

Fluka calculations
(K. Oftf)
I EEEEEREERE 4 5 § 3§ 23 2 3 8 3 35

BAinDE

Nevrtrons

1 bERLIinPro



252 DIRIA

20155 2 AN 5256, 7 V> CL)\dMoviedh D,

] J

B ). knobloch, 20150608

s

o
o
e Helmholtz

i Zentrum Berlin

Building: in readlity

Construction commenced 11-Feb-2015
Underground construction complicated at Berlin site
» Sandy soill

» Ground water at only 1.5 m below grade

» Very strict water regulations in Berlin

- Complicated and costly water management scheme
Building occupancy expected by End 20146

"

Quality control of
concrete

8__Construction site

1 bERLinPro
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Injection & Diagnostic Beam Line i)

\

S —— e

— ICT (5:1 turns ratio,~ 6%/us droop) + BCM-IHR electronics (10kHz)

_— .% - (|
— | Diagnostic Faracday
Beam Line Profil up
- BPM ro.le
monitor
Emittanc

Halo
monitors

— Faraday Cup

SS flange on

ceramic break with
copper mesh noise

shield ;éatlhlode Cavity
— DCCTs (not pictured) |

» Zig-Zag & Extraction o é |

BROOKHIAEN Toby Miller

NATIONAL LABORATORY

June 10, 2015




Diag. B/L Faraday Cup — PHOTO-CURRENT [i&®

2015 )

« AV for each beam

) Phato:current |
current pulse gives EFETSTa =TT Dark Current
the charge. R i . : Charging Curve
« Q=CAV
=(5nF)(158mV)
=0.8nC

« Superimposed on
Dark Current curve [ ame=s

dv. 200mV  500mV 500 mVidiv _ 500 ps/div. Normal 1.
57.00 mV 20 mV -180 mV : 25MS 500 MSfs :
- 354mV|-- 2360mV -- 720mV |- X1= 159.100us AX= 21.028 u

19.65 mV X2= -138.072 us 1WAX= 47.556 kHj

Toby Miller
BROOKHIVEN y
NATIONAL LABORATORY June 10, 2015




Injection — Integrating Current Transformer {555

12008/ 2 1.00v/ 2004/ 100%/ 82 60

7/us Integration window

1 “S gEICTo bunCh : . ' ) ____51_|;||;|:i1:
_ Laser Pulses on C 500 1.0041
Photocathode (9)

9 pulses with 9.38MHz
spacing and 44mW

1.68nC total charge 11
— 0.19pC per bunch |
— (550pC,, ., demonstrated using 4W

laser pulses)

BROOKHIAEN Toby Miller

NATIONAL LABORATORY June 10, 2015




Bunch Patterns— ICT vs DCCT iE.RLZOl;

N— ——

Pulse Structure for ICT Pulse Structure for ICT + DCCT

ICT is gated around the Car ICT is gated through the Pilot macro pulse
DCCT is sampled at the end of the Long macro pulse

1 Hz | L 1 Hz \|

) | ’ ,
l‘ RF Pulse | ‘ RF Pulse |

Length Length
<>

/// THITHETHTT ////_lly //_fl | | ! ///_Il_/

| Car . Long Car: 950 x 200pC bunches R
solx2000c  Car Current = 1.876 pA ) i
P s Pilot Macrobunch Long Macrobunch
_)1 «— Hor ICT . For DCCT R
. P [y v 0 i
/ /] 7|/ 50  Delay 950 7/ /
5 kHz rep rate L A1 N
il 200 ps 53us  18.4ps 1013us
Train Current = 50 pA 125ps
J 4ms 250 Hz rep rate .
Train Current = 50 yA
\ce of NUCIear Ph 5
Toby Miller TN
BROOKHIAEN y

NATIONAL LABORATORY



= X\ Cornell Laboratory for

1)) Accelerator-based Sciences and
%/ Education (CLASSE)

Ion studies 1n the Cornell ERL photoinjector

* First experimental studies of 1ons in a high current
linac

 We observe that 1ons increase radiation
significantly when approaching 70 mA

* Explored three mitigation options
— Clearing electrodes
— Beam shaking
— Bunch gaps

6/24/2015 31



ornell Laboratory for

&
Accelerator-based Sciences and
ducation (CLASSE)

Clearing electrodes significantly reduce the trapped
ion density

Measured radiation (after leaking gas)

Beam current I§§£$§§§i§§§ %

o 6.5mA . : | § s G5 mA |

4 9.8 mA § | ] E § R 13 Om A
~ ° 13.0 mA | £ H o 18.0mA)
<§ ° 16.2 mA % | so0o | E 16.2 m
: SN Sl gy |
; : S E t i)
= 3$ 1 [ J - |
= I I © }
8 { | | | —5 %

[ | | < §

8 ) I I I | - % % i
= T I I I o)
: o : P
g m%ﬁ’;eﬁw@oofo : : | % § 3 7
E 906 | | | | @ % 313 §

2 S A T e

34 : : : : - °<I><D®¢@we$ ggmﬂiam§§&ﬂiﬂﬂi |

‘% : : : : 06 6606006006006
| | | |
Clearing electrode voltage (V) Clearing electrode voltage (V)

I d Necessary clearing electrode
lectrode — .
2TEnC Op voltage can be predicted
6/24/2015 32

Ve



Cornell Laboratory for

] Accelerator-based Sciences and
Education (CLASSE)

Shaking the beam at an 10n’s oscillation frequency resonantly
clears them out (and reduces background radiation)

2rpc Ipeam

Wions — e A D)
on O
on~ peam
Yoltage = 70 mY-pp on driver
Jann T T T T T T T
= /WG\
2500 B
=
& —=— Clearing electrode on
E zo00f ) T L i
T Clearing electrode off [ ©0) 1
* |
g L 4
2 1500} 1 . R
= r ﬁj'//’/x/ ] b
] L o J
1000 \4 i i /////%5 :
i Hb///#l/ @> ]
EDD i 7 7/ \\\\\\\\\\\\\\\\\\\\\\\
D 1 1 1 1 1 1 1
1] 50 100 150 200 2al 300 330 400

Frequency ikHz)

6/24/2015 33



m% Cornell Laboratory for

9 Accelerator-based Sciences and
7 Education (CLASSE)

Introducing short bunch gaps also clears 10ns

0 S The minimum

E, —en required gap length is
5 much shorter than

: predicted by theory.

° Merits further study

to understand why
this 1s the case.

Data Extrapolation

T 2rpc 1
Reduction in beam 1% 30% Ry _ pC beam
1ons
current e A;

won Jbeam

Reduction in ions 70% 99%




mﬁ Cornell Laboratory for
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Rotating wire scanner for high beam currents

* Works up to 20 m/s to avoid melting

Cheap (< $5000) ol semamn
 Compact (~35cm / 14”) 1200
* Quick to build and implement 5 1o
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[ WG4 : SRF
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WGS5 : Applications

«  WG5 Summary Report &0

ERL applications talks

— Operational facilities/science cases
10 Years of ALICE: From Concept to Operational User Facility, P. Williams
Science cases on ERL as a synchrotron light source, H. Kawata
Nuclear and High-Energy Physics Experiments with Cornell's FFAG ERL, M. Perelstein

— Colliders/Nuclear physics
+ ERL-based Electron-Ion Colliders, V. Ptitsyn
Current Status of the MESA Project, R.Heine
ERL facility at CERN for applications, E. Jensen
A Lepton Energy Recovery Linac Scalable to TeV, V. Litvinenko
Using ERLs for Coherent electron Cooling, I.Pinayev
ERL for low energy electron cooling at RHIC (LEReC), J.Kewisch

- nghT sources/ FELs/y-ray sources
The Femto-Science Factory: A Multi-turn ERL-based Light Source, T. Atkinson
Design work of the ERL-FEL as the high intense EUV light source N. Nakamura
ERL as FEL driver, ¥.Jing

H'tm Ingh Flux of X- ruy/THz Source based on Asymmetric Dual Axis Energy Recovery Configuration, L.
onoplev

= ¥Y-ray sources
Laser Compton Sources Based On Energy Recovery Linacs , R. Hajima
ERL as high intensity mono-energetic y-ray sources, V. Yakimenko

An Inverse Compton Scattering Beamline for High- Ener'gy Time-Resolved X-ray Scattering Studies of
Materials, 6.Hoffstaetter




ALICE
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Gun, RF, Cryo (DRSRE
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The Evolution of the ALICE ERL-FEL at Daresbury

* 2000: Proposed 4GLS CW ERL driven VUV FEL as user facility (100mA, 600 MeV)

= 2003: Energy Recovery Linac Prototype funded (pulsed 10 mA in 100us macropulse @ 10 Hz, 35 MeV)

= 2005/6: Installation & commissioning of 350 keV DC photocathode gun, 120W cryosystem, 2 SC
Linacs, recirculation transport & oscillator IR-FEL. First beam August 2006

= 2007: Problems with gun, RF, cryo

* 2008: Fixing problems, then full energy recovery (initially at reduced gun voltage, linac gradient)
»  2009: Gun Kr plasma cleaning & leak chasing, RF conditioning & LLRF optimisation
= 2010: He processing of linac to mitigate FE, then first lasing of IR-FEL with full ER at 27 MeV

- 2011

Diagnosing FEL radiation, Electro-optic bunch length measurements,

*  2012: Gun upgrade -> 325 kV design voltage achieved -> beam quality much improved

*  2013: Installation of DICC 7-cell cryomodule, module & cryo faults -> revert to original linac

= 2012 - 2015: Understanding of machine through transverse & longitudinal beam dynamics studies,
stability of operation through active feedback, DLLRF, high-level software

= 2016: Intended reinstallation of DICC cryomodule

Typical
operational
parameters
Mayv
¥ . ~ad, . Za.o:-iir:i.cm-\__-_ Il_:_!
. o s -“‘-'4.:-.-."-5 Nl t- — —
/W AR
7 &R - “3
%ﬂnﬂ.ﬁ.“w“‘lﬁ H g Z ) ._:rj

i FEL Opfical Caovity [9. zﬁ

ett—:-r Williams (ASTeC)

Full Energy (MeV) 24-27
Injector Energy (MeV) [

Bunch Charge (pC) 60 —80
Micropulse rep. rate [MHz) 16.25 f325

Radiation Macropulse length (us) 85 + 15 startup

Number of micropulses / macropulse 1400 / 2800
Macropulse rep. rate (Hz) 10

FEL Wavelength range (um) 5.5—-11
Micropulse energy at sample (W) 2

Peak power at sample (MW) 2

Av. Power within macropulse at sample (W) 20

Av. Power at sample (mWw) 40

Linear polarisation >95%
Power stability ~02-1%



[ Particle Physics ]

* Nuclear and High-Energy Physics Experiments with Cornell's FFAG ERL
— Maxim Perelstein (Cornell University)

« ERLOKRERZE{EZ (S rare process DSFEERIFED TJBEIC

Frontiers of Particle Physics

® #| Priority in particle physics is to test the Standard
Model, and hopefully find new physics beyond the SM

ol > “Energy”
TeV (N mc32 Of

0.1 LHC new particles)

0.01

“weak-coupling frontier”:
~MeV-GeV masses,
small couplings to SM

1077

“Coupling Strength”
(toe,q)

e

cosmic microwave background 4

Why Weak Couplings?

® Motivation for new weakly-coupled particles is
provided by the existence of dark matter

sssssssssssssss

Neutrinos
0.0034%

0.005%

Intense Electron Beams Workshop at Cornell : June 17-19 / 2015
http://www.classe.cornell.edu/NewsAndEvents/IEBWorkshop/
https://indico.classe.cornell.edu/event/38/other-view?view=standard



[ Colliders/Nuclear Physics

» A Lepton Energy Recovery Linac Scalable to TeV
— V.N. Litvinenko

Natural option of high energy high current ERL:
proton beam is used to carry the energy

1007% energy recovery

Polarized source Dump

Lepton beam acceleration Lepton beam deceleration
—_—
Proton beam deceleration Proton beam acceleration
% Proton beam return loop

Energy flux is carried out by a proton beam

Synchrotron radiation is reduced ~10'3 fold to watt level

P ()= 7 70 el TeVI- 1Al
SREC ST R| km]

V.N. Litvinenko, ERL 2015, Stony Brook University, June 10, 2015
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SR Source ]

« The Femto-Science Factory: A Multi-turn ERL-based Light Source
— Terry Atkinson (HZB)

o Spectral Brightness m
Zent

100 O 100 200 300
Z (m)

« Comparison with existing 3 generation light sources
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