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High Intensity Gamma-ray Source (HIGYS)
» DukeFEL Lab Accelerator Facility Overview

> HIGS Operation
» QOperation Principle
» Energy Tuning Range
» Performance and Capabilities

» Critical Development for HIGS Since 2007

» Full-energy, top-off booster injector

» Helical OK-5FEL (twowigglers)

= Bunch-by-bunch Longitudinal Feedback System
» |n -cavity, Water-cooled Aperture System

» Future Development for HIGS
> Flux Front
» Energy Front
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@ Layout of the Duke FEL Lab Accelerator Facility
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Recent Accelerator Upgrades
@ New lattice for OK-5 FEL
@ New HOM-damped RF cavity

@ New OK-5 FEL with circular polarization
@ A New Booster synchrotron for top-off injection

FEL mirror
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Typical User Operation Modes

* FEL: single-bunch, up to 95 mA
* HIGS: two-bunch, up to 80 mA

FEL mirror




2009 Per formance
® [|njection: 180 - 270 MeV
e Extraction: 0.18- 1.2 GeV

» Cycletime: 1.3 - 2.5 sec (one or two bunches)

» Chargeinto storagering: 0.05- 0.12 nC/sec
» Recent: 6-bunch injection: 0.2 - 0.25 nC/sec

I nj ection energy [ GV 0. 18- 0. 27
Maxi mum energy [ GeV] 1.2
Crcunference [mM 31.902
RF frequency [ MHiz] 178. 55
Har noni ¢ nunber 19
Qperation cycle [sec] 1.3 - 2.5
Emttance ex, ey [ nmrad] 350/ 15
Betatron tunes Q/Q 2.43/0. 46
Monment um conpacti on 0. 153
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“ Qperation Principle
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4 HIGS Capabilities for User Programs in 2009

Parameter

Value

Comments

E-beam Configuration Symmetric two-bunch beam High flux configuration

E-beam current [mA] 50-100
Gamma-ray Energy with mirrors 1064 to 190 nm
[MeV] 1-100 Available with existing hardware

Extending wiggler current to 3.5 kA

(a) No-loss mode Total flux [y/s] Collimated flux Both Horizontal and Circular

(AE/E=3%) [Y/s]

Polarizations

1-3MeV® 1x108-1x10° 5x1060—-5x 107

3 -5 MeV 6x108-2x10° | 3x107-1x108

5-10 MeV 4x10%8-2x10° 2x107-1x108

10 — 20 MeV 1x10°-2x10° 5x107-1x108

(b) Loss mode Total flux [y/s] Collimated flux

(AE/E~3%) |y/s] To extend mirror lifetime,

21 -45 MeV >2x108M >1x107 circular polarization is preferred
45 — 65 MeV ~2x108® ~1x107 240 nm mirrors and wiggler @3.5 kA
66 — 100 MeV 1-2x108®© 0.5-1x107 190 nm mirrors and wiggler @3.5 kA

@ With present configuration of OK-5 wigglers separated by 21 m, the circular polarization is about '% the values here.
®) The flux in loss mode is mainly limited by injection rate.
© Thermal stability of FEL mirror may limit the maximum amount of current can be used in producing FEL lasing, thus flux.

Highest Flux (2009): ~ 10'° y/s @ 11 MeV

H. R. Weller et al., “Research Opportunities at the Upgraded HIyS Facility,”

Prog. Part. Nucl. Phys. Vol 62, Issue 1, p. 257-303 (2009).
PAC 2009, Vancouver, Canada, May 4 - 8, 2009“
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b Operation Modes of HIGS

TNLY

"N Operation Modes of HIGS
* Qusi-CW operation vs Pulsed
> High-flux vs high energy resolution

— <« At=1792ns

v/ photon intensicity [A.u.]
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“ High Energy-Resolution Operation
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Asymmetric Bunch Pattern: one large (lasing) and one small (non-lasing)

356 MeV e—-beam, Asymmetric bunch pattern #0 = 5 mA and #32 = 57 mA
738 nm OK4 lasing, 0.5" collimator, Run #55, 11—-01-2007
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Improving stability of gamma energy resolution and increase flux
* Develop a reliable way to measure bunch pattern, and
* An automatic injection scheme to maintain charge distribution
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=, w1, High Resolution with Asymmetric Two-bunch Operation |E

Beam Diagnostics

* Live Spectrum Monitor

* Live bunch length monitors
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ngh Resolution with Asymmetric Two-bunch Operation mm_'

Beam Diagnostics
* Live Spectrum Monitor

* Live bunch length monitors
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gh Resolution with Asymmetric Two-bunch Operation mm_'

Beam Diagnostics

* Live Spectrum Monitor

* Live bunch length monitors

[ I[r : Ocean Optics SpectraSuite (on miles.fel.duke.edu !E!
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Bunch-by-bunch Longitudinal Feedback
Providing bunch-by-bunch damping of longitudinal instabilities

| G . Y VIV

LF.,B BPM. | : : iGp-64JDigital signal
Yy N | processing system

MILMEGA 200 W.
Power amplifier

- , ] ) Commissioned for User Operation (Oct., 2008)
. Pill-box cavity
Beam pipe

| Part of Ph.D. thesis work of Wenzhong
PAC 2009, Vancouver, Canada, May 4 - 8, 2009



"]kl]

Beam SpeCtrum’ LFB OI:F10/27/O8 E=574 MeV, 1=14.8 mA, 4 bunches

Amplitude (dB)

% LFB Stabilizing Longitudinal Motion
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t In cavity Aperture System for High Current Operation
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' “ In-Cavity, Water-cooled Apertures
““e |n-cavity, Water-cooled aperturesfor Harmonic Radiation Control

0] |

Harmonic Power Reduction: about one order of magnitude

Commissioned for User Operation (Sep., 2008) Part of Ph.D. thesis work of Senlin Huang
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T~ I‘!n@&WM&%P%&&“Ab‘&%é&%SF%%m Radiation Control
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Harmonic Power Reduction: about one order of magnitude

Commissioned for User Operation (Sep., 2008) Part of Ph.D. thesis work of Senlin Huang
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45 MeV Setup with OK-5 FEL. =2

T:2.51;5:3.54;B:2.51;N:3.52 [mm];Ib=31.10 mA

T:2.62;8:3.28;B:2.51;N:3.27 [mm];Ib=31.11 mA

60
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“Stability of Gamma Operation in Electron Loss Mode

Oct-21-2008: 45 MeV gamma-beam with OK-5 FEL
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(2009 -2011)

> Flux Front (1 — 20 MeV)

 Higher Flux with Linear and Circular Polarization

o Improved High-resolution Operation

> Energy Front
® Pion threshold energy of 150 — 160 MeV
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“*’ Switch-yard for OK-4 and OK-5 Wigglers

- VA

Photon-pion physics
° 150 — 160 MeV operation with the OK-5 FEL lasing around 150 iy o
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% Switch-yard for OK-4 and OK-5 Wigglers

Photon-pion physics
150 — 160 MeV operation with the OK-5 FEL lasing around 150 1
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Summary

+ Upgraded High Intensity Gamma-ray Source (H1GS) in 2009
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= Capabilities
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Energy Tuning: 1- 100 MeV
Maximum Total Flux: ~ 10" y/saround 5- 10 MeV

Maximum Spectrum Flux: : ~ 10°y/seV around 5- 10 MeV
High Energy Resolution: 0.8% (<=5M¢eV)

Polarization: linear, and switchable left- and right-circular

» Future Development

* Higher Flux Operation: 10! y/stotal below 20 MeV

» Higher Gamma-beam Energy: 100 - 160 MeV for photon-pion physicsresearch
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mfFlrst HIGS User Operation in Loss-Mode (20 — 35 MeV) m i
Run 947 30 McV (3 Oct, 2008) '
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] ‘%;f In-Cavity, Water-cooled Apertures
= @ |n-cavity, Water-cooled aperturesfor Harmonic Radiation Control

Harmonic Power Reduction: about two order of magnitude

Without Aperture

150 nm With Aperture

y (cm)

-3 -2 -1 0 1 2 3
X (cm)
Ee = 1.08 GeV, le = 100 mA, Nw = SD,I'UW =12 cm, Kw = 3.1886

Commissioned for User Operation (Sep., 2008) Part of Ph.D. thesis work of Senlin Huang
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