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Topics

1. Storage ring-based Coherent Terahertz
Synchrotron Radiation Source:
infroduction, potential and source
comparison.

2. Unique THz source research
opportunities at MIT-Bates South Hall

Ring
Initial tests : results and analysis

3. Bates THz source R & D plan
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Coherent Synchrotron Radiation (CSR)

Wave length limits:

dP
N+N(N -1
T dw[ (" )9 ()]
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Form factor:

FT of bunch
long. density

oA incoherent emission
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*Bunch length and distribution--
Short wave length cut of f

*Vacuum Chamber shielding --
Long wavelength cut of f

For Gaussian bunches and parallel
plates mode:

h 1/2
o, <A <2h (—]
P

h: Vaccum Chamber total
height,

p: bending radius

JLab CASA Seminar



Accelerater Based Broadband THz CSR Sources: history

Accelerator CSR: E.M. McMillan (PR '1945), J. Schwinger (PR '1946), L.L. Schiff (RST '1946)

Linac

1989 Observation
Nakazato et al. (PRL ‘89)

1994-97 sunshine Stanford
~100pC,5~120fs, RF gun, 30
MeV. 1us,10-30 Hz, TR, CDR

H. Wiedemann J. Nucl. Mat. 1997

2004 BNL sDL

CSR 80 nJ/pulse
10 Hz

December &, 2005

Suoerconducting
Energy Recover
Linac

2002 JLab, 20 W avr.
Power. L. Carr et al., Nature
420, 153 2002.

2005 JLab, 800 W avr.
Power.
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Storage Ring
1981,89,94 predications,

proposal. Curtis Michel, Williams,
Murphy.

1997-2002 “bursting”
observations (NIST, BNL,...)

2002 BESsSY II,Steady state
CSR M.Abo-bakr et al. (PRL 2002)

2004 Application:

J. Singley et al. (Phys. Rev. B,
2004)



High Field normal linac based CSR source: Status

ne
!'a Coherent Transition Radiation from the NSLS SDL Linac L. Carr

dipale chi
~ 300 fs, 700 pC electron bunches ::Trfpﬁe:ﬂe F;nggia:hgﬂudne

Coherent THz {can be shorter w/ less charge) Mote: <10 Hz rep. rate
dipole radiation ““‘“““"“H'“““““""M"""""""'#"""""""'

Ultra-short electron bunches produced by "Chirped Pulse Compression”
Frequency [THz]

Coherent THz o ! .
transition g C . e
. . L Intensity to 2 TH
radiation — &0k Up to 80 uJ (1) per pulse ] . {:-:;E:wai_h r,m_fer
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Compare to ~ 1 nl from a conventional photoconductive switch and an amplified, 250 kHz rep rate drive laser

National Synchrotron Light Source 1.5, Department of Enargy . BRI NMESEN
[ Office of Basic Energy Sciences 25 & "::?ﬁr‘;&‘:‘ﬂ';“ﬂ:'

100 uJ/pulse June 2005.
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Ring CSR (1): Spectrum - CSR wake distortion dependent

The equilibrium longitudinal current distribution with the free space synchrotron radiation wake.
K. Bane, S. Krinsky, and J.B. Murphy , AIP 367, p.191-198, 1996

y(x) =K exp{

y(x)
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05-

I y(xd/sx . dx } F= Ii y(x)dx

Haissinski Equation 1. Haissinski, IL Nuovo Cimento

1973

CSR wake Distortion of bunch shape

(Intensity dependent - F) => high frequency :
Gaussian: 0.6THz => 3 THz distorted

Show coherency for 1ps rms bunch.

20

Distorted UU:1ps

. . "
40 &0 80 100
-1
Wavenumber (cm™')




SHR CSR (present) : Simulations by F. Sannibale (all fields)

1.00E-5- Coulomb A
Wakefields at Bates SHR . i
8.00E-6- » e
G1 Term A
__ 6.00E-6- G2 Term s
E LR Res, Wall
& 4008 € Total Fa
SMES: : Synchrotron Radiation Wakes Included (Free space and Shield G1 and 62)
0.00E+0- o --—"‘j\—- TS Long Range Resistive Wall Included
-1,00E-6-" : i~ . , -
-1.006-2 -5.00E-3 0,00E+0 5,00E-3 1.00e4 Coulomb Wake not included (negligible)
e [m] ) Vacuum Chamber Geometric Wakes not included (usually negligible)
Energy 0.6 GeV Simulation parameters
RF frequency 2856 MHz
: All modes are stable, no CSR bursts
Harmonic Number 1812
RF Voltage 140 kV
Ring Circumference 190m Natural Momentl.lm Electrons Current Total CSR power (W)
bunch compaction per bunch per bunch current Integrated from
Bending Radius 9.144m length (ps) (mA) (mA) 2cm ! to 60 cm’!
(9.44m in simulation )
0.6 8.0e-5 1.64e+6 4.16 e-4 0.753 0.00596
Vacuum Chamber material | Stainless steel © ° ©
. 1.2 3.2¢-4 9.56e+6 2.41e-3 4374 0.0510
Dipole total gap 4 cm
. 24 1.35¢-3 7.13e+7 1.60e-2 32.64 0.227
Horizontal acceptance 50 mrad
8
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Simulations Results

T I T I 1

T Watural bunch length = 0.6 ps |

i —— Matural bunch length = 1.2 ps

= i bmeh paaily~ 3 s Longitudinal equilibrium distributions
Zosl (Haissinski equation solutions)
o6l and relative spectra
g wal for three different modes.

' Stable solutions, no IR bursts present

e (SR driven instability).

0.0 !

=13x10 10 5 i) |

——ry .
— Natural bunch Jength = 0.6 ps
—— Natural bunch Jength = 1.2 ps | -

= Watuizl bunch length = 2.4 pe
— ALS - 400 mA - 1.9 GeV

The different modes trade between
bandwidth and power.

The hump-like shape on the 2.4 ps
distribution indicates significant
shielding from the vacuum chamber.

There is no convenience in going 1o
towards larger natural bunch lengths. 1L

107

SR Power [W0.1%0 W]

PR S S W T A | 1 PR TR T T S e il
i 4 5 67829 1 i 4 5 &7:829 I

10
Wavenumbrer (1/2) [cmi']

F. Sannibale - September 2004
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Current(A)

SHR CSR : Simplified simulations

SHI% L=190.205m,f(rf)=2856MHz,Vrf=1 40kV R=9.144m Bunch Iength 06,1.22.4ps

—- Na‘mﬂmzlr_;i: ps "‘*-m,_, — ALS Sync c 400 mA 1.9 GeV
16! — 5=06ps | —— CSR F=3.6,0=0.6ps Ib=0.53uA
“ — 1.2ps, 2.67pA
10 — 2.4ps, 13.5pA
1.2¢ ::'E 10-5
W § 10" |
e
15 -10 -5 t(ops) 5 10 15 10'-2 . R -1[.]‘ . . 1‘ P .102
Wavenumber [cm™']
Universal equilibrium long.
distribution for different Bates SHR CS,R power spectrum.
bunch length with F=3.64 Two plates shielding cutoff.
Free Space wake Kheifets and Zotter CERN SL-95-92(AP)
(Numerical solution of
Haissinski equation ).
10
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OIRCE Simulation of the F\l .

Cobrd i i BESSY-ll Results

10 T T T T T =
10° F — - 40 1 gAbunch - BESSY-l Experimental Data B

Calculations using the model [\ |[=scmm i Feeiion |

==== 40.0 pAbunch - 2.7 ps ms - Gaussian - Calculated

are in good agreement with
the published BESSY-II R
experimental results. o f

0 10 20 30 40 50 &0
Wavenumber [l:m'1]

Collaboration with BESSY R e
Group for reﬁning the model - = Pure Resistive Model Calc. - R = 25 k2

—— Free Space SR Wake Calculation
(including vacuum chamber shielding,
minimize the experimental error, ...)

-
o
=

-
(=]

P./P, @20 cm’
P
T

=
<
1

o
0.0l ﬁlﬁ ]

Currentbunch [wA]

- M. Abo-Bakr et al., Phys. Rev. Lett. 88, 254801 (2002)
- M. Abo-Bakr et al., Phys. Rev. Lett. 90, 094801 (2003)

ERGUAYERIOTER I L AWRENCE BERKELEY NATIONAL LABORATOR Y NS
11
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Ring CSR(2):  Stability
- Bunch intensity threshold, Steady-state CSR Power limit.

CSR driven microbunching instability can generate chaotic IR bursts resulting
In a noisy source :

S. Heifets and 6. Stupakov, Phys. Rev. Lett. 89, 224802 (2002)
F. sannibale, Phys. Rev. lett. 93, 0948012 (2004)
Exp.: J. M. Byrd et al., Phys. Rev. lett. 89 224801(2002), ...

e

1/3 3
N <8.34 (Ej A: wave length of perturbation , A~2c

/12/3

7/3

f Ve oy :
N <1.669 F . (MKSunits) F__ ~5.

1/3

o,

Higher RF frequency & RF Voltage are advantageous to attain
high power stable CSR from storage ring source.

Any technical challenges for using higher RF freguency
System ?

12
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Status of Ring & ERL Based CSR sources

Storage Ring
GHz
mm 70 80 20100 200 300 400 500 GO0 700
BESSYCSR |
I 1.8 kHz Tune
10 b
% 'F Hg Arc Lamp
& 4 mm aperture
E
0.1 | E
Detection limit lobar
POl IR S Emm_ap_erty.r?
2 3T 4 5 6 780910 20

Frequency (cm’)

M. Abo-Bakr et al., Phys. Rev. Lett. 88,254801(2002)
E.J. Singley et al., Physics Review B 69, 092512 (2004)

Energy Recovery Linac
-~
fpﬁ'rmya (i rnﬁ . : i : :
e T — :
4000 M B Measured Intensity _
Rt [ Y
E‘ 3000 ]
E
2
£
< 2000 |
=
—
E | P
= — 105 pA
1000 o i
170 pA
\ S TV N
! _'___..-"'-"v\.._\_\_‘_“_
. _\_,|___..--—-—-="’.: T —— T
0 20 40 860 a0

Wavenumbers (cm’)

L. Carr et. al., Nature 420, 153(2002)

100

6. R. Neil, G.P. williams, Infrared Physics& Technology 45(2004) 389

800 W average ! 2005 IRMMW-THz 2005.

More ring THz CSR run: ANKA Germany, NewSUBARU Japan, ...

& Planning: CIRCE/LBNL, Metrology Light Source(MLS) Germany, SOLEIL France, DAONE

Italy,...

December 8, 2005
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IRIS - Infrared Beamline at BESSY

ellipsometry

THz-
imaging and

spectroscopy

microspectroscopy spectroscopy

tunnel roof

storage ring BESSY |

Tl e o) — 1)
Workshop to explore Terahertz opportunities at MIT-Bates, October 11-12, 2005 Ulrich Schade
December 8, 2005 JLab CASA Seminar
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@ESSY Coherent Synchrotron Radiation in the low-a

= N - | | ]
- November 2004 ] 1.04 ]
i A . i =2 o 5
i perture: 5 mm — 1.02E -
- Current stored : 9 mA - % E & E
2 Synchrotron tune: 1.8 kHz ] '8 1.00 |- T e et -]
i O g ]
40 - Detector: Bolometer 1.4 K N ;%'_ 0.98 3 2
— - Beamsplitter: Mylar 50 pm : bt 0.96 E
j : . - | | 2
s ¢t 0 10 420
" . cm
é - Low o | ® ( )
E’ B Emission 4
& i ]
= 20 o
N Hg arc-lamp ] °|0n9 Ilfe time Of the
L - beam (>20 h)
Globar .
- » gain of 103 below 10

-
0 10 2|0(,J (Cm-1)3|o 4|0 cm (0.3 THz)

* highly reproducible
Workshop to explore Terahertz opportunities at MIT-Bates, October 11-12, 2005 Ulrich Schade

15
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Ring CSR (3): Femotosecond laser slicing (LBNL 2000)

femtosecond _
laser pulse x-ray beamline 1

i il

. 7
g | Fa R femtosecond x-rays
bend magnets

R. W. Schoenlein et. al, Science 287, 2237(2000)

30 ps electron bunch

16
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Femotosecond laser slicing results at BESSY IT

FIR-Interferograms of a 1.2 ps rms bunch FIR spectra picosecond bunch vs. femtoslice
in low alpha vs. femtoslice

picosecond bunch 200 GHz 2THz 10 THz
1.00F.~ " T L e
T R T fs=slice ]
G :‘r N ps=bunch - - - - - ]
s i ]
=
oy |
n
-2 —
- -
-10 -5 0 5 10 S,
delay [ps]
£ 0.10F -
femtosecond slice 5 ]
6F £ ]
— E (b 5
> i® 3 ]
& 2F 3 i
T 0OF = i | ! | B
E‘ —2F 3 \ L l’l, ?| *ﬁ'ﬂ" p[i lnl'.: | Nﬂ“
wn o ] \ 1
—4t = 0.01 iy e el 4'1 |I M .: ::‘.ll.il::.lj |r|i.||. Z.Iji.u:'..:mlf .&E
-10 -5 0 5 10 10 100
delay [ps] wave number [em™]

we really see a fs-modulation:

max. pulse energy seen: 0.7 nJ

peak power estimate: > 2 kW

conversion efficiency at 1mJ laser power: ~10°

Compares to fs-laser based sources (optical rectification)
Is there any advantage of an accelerator source ?

Femtosecond THz Pulses at BESSY, MIT Bates workshop Oct.2005, K.Holldack

17
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Future Ring THz Source : CIRCE, SHR upgrade

Frequency (THz)
1 1

0o

Stable CSR

December 8, 2005

0.1 0 100
‘1000 L3 L L] 'II'II 'III L] L] LI} I'II'I IIII
100 + o1
104 JLab
1 FEL
—~ ».] CIRCE S
= 001 1 (3 modes of Stanford ps FEL
2 00T gperation)
% 1E-3 4
= 1541
= 1E-5 4
= 1E-6 >
L -~ g (’('/’V
A FONS.
1E-7 /5 O D 42 ]
1E-8 4 ;
1E-9 4 ;
1E-10 o : :

'llIIlI L LI |
10 1 4. 1000
Wavenumbers (cm )

T T T UL T T T 1 1171 II T T T LI
-7
10 = g
3 U.....“..l
10 - 'o' 'S
’ T
- 10 o ¥ 3
- o H
B 10" e Sicing CSR o :
B 1| |==Utra-stable SET 4
3 10 ["|= = Utra-stable SET2 il
5 10" == Ubrastablo SET3) o ;
o i A
0k ...' \ \ A
14| & \ |
§ 15 9 \ A —
107 "W I ¥
IIIJ 1 |- llllll L 11 J]lI.II "*'ﬁ‘ll]
7 2 3145467 2 3 45467 1 3 43067
1 L 100

Femotosecond slicing
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Frequqncy (THz)

; Oi1 10 30
107 oy 1
— SHR Upgrade 'l Opa
102 - SHR Upgrade 2 Ops - S H R
’ m—— SHR Upgrade 2 0ps
10 = e SHR 185 T
e SN m— BESSY I 1.8ps |
! 10 ALS Sync 400 mA 19 GeV STGbIe CSR
g 10 -
= g F~5 _
g & Upgrades:
X0 - *RF: high gap voltage.
(T .
o | +source dipole, small p.
\\ -Larger radiation extraction
-8
107, . 00 1000 pOI“T.
Wavenumber [cm'1]
Ring E R Fre Vi L(m) Hor. Bunch
GeV) | (m) (MHz) | (kV) Accept. length
(mrad/port) | o(ps)
SHR 0.6 9.144 | 2856 | 140 190.205 | 60 1.8
SHR- 0.6 1.335 | 2856 | 1500 | 190.205 | 300 1.2
upgrade
CIRCE 0.6 1.335 | 1500 | 1300 | 66 300 1,2,3
BESSYII | 1.19 | 4.361 | 500 1300 | 240 60 1.8
ALS 1.9 4.957 | 476 400 196.8 60
19
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High average power, Broad band sources

Ring based source ERL based source G. Williams
Frequency (THz)
L . ..1,?'3'_
100 4 .'i 100
10 4 JLahj mf
-|.! FEL.i 1 .
— CIRCE > > F
; 0.1 » 1 0.1
E (3 modes of Stanford ps FEL 3 -
g 0.01 4 operation) E 0.01
£ 151 £ €2k 100 MHz 100 pC PR
= B4 = qesf 150 x 150 mr 5 Vo
> 1E5 4 1E-5ir - g;gz B “ 1
i 1E-6 4 E6f ——— 10ps : |
1E-7 4 1Eff:r : \ ]
1E-8 o s | PP PO I, : W
1E-9 4
1E-10 , ;

10 100 1000
Wavenumbers (cm )

1.5 GHz 140x300 mr 'Tzzzr ;

—  20pC (30mA), 1ps, 30 W E )

13 i

- 01 f 1

— 100 pC (150 mA), 2ps, 277 W =§ oo | . :

5 el 100 MHz 100 fs FWHM W

= 253 pC (380mA), 3ps, 973W esf 1sox1somr L

i 1 ---- 100 pC ‘t\_}‘

. . . 1E-7 r - — _ 1

Cl.large/bun(.:h of stabloeooperatlon limited by s 1000 pC —
microbunching instability. e

Freguency (cm’1)
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Possible ring and ERL based Broadband, THz source features

Source features

Storage Ring

ERL linac

High average power, Band width
Time structure

~kWatts, 1.4 THz

0.03-1 THz very high
power density, ~ps.

~1-10 kWatts, 10 THz
~100 fs.

High field, Bandwidth

~IMV/cm ,
~1THz (stacking)
20THz(Low rep. rate)

~1-10 MV/cm, 10 THz

Reproducibility

~]10-3
Reguired for some
applications.

~ 102

Serve users with different special
needs simultaneously

Multi-ports. Using
different methods
for different
applications at same
time

possible

Source development

New ,
Exist ring upgrade,

SR Light source co-
use

SC linac,
FEL co-use

December &, 2005
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Unique THz source research opportunities
at MIT-Bates South Hall Ring

Nuclear physics operation end 2005, 2006 (MIT owned facility)
=> open to researches in all scientific fields

* Energy: 0.3-1.0 GeV with injection at beam energy.

* Circumference 190.2m, long straights, flexible lattice structure,
16 Bends, p=9.144m, gap: 7.62 cm .

« Ample floor space available for IR beam lines.

* A Unique 2856 MHz RF system, single cavity, 50 kW, CW klystron.
Routine operation: 200-300 mA (long bunch).

can be attained with moderate a.

( Juz With Higher f ;and V¢ short o
a 3/2
O

Fii Vi Larger a is favorable for stable

The advantages of using i
operation.

higher rf frequency:

Higher bunch intensity threshold for stable CSR:

7/2 1/3
Nomax & TaViroy "/ p -Larger distortion -> higher freq.

*Higher CSR Power

22
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The MIT-Bates Accelerator Complex

|
%
i
HI;EIJILI:IIMGH
POLARIZED SOURCE maj:_snr:.;nm
BEAM VALT
FLF. GALLERY
l* e - - - — -
RECIRGLILATOR SYSTEM
s - E!FE?I.E-NT
ASSEMBELY
ARE#,
BATES LINEAR ACCELERATOR CENTER
0o 18 32 4 B4 FEET ENGINEERING
M I — — BLIL NG

05 10 th I WMETERS
BCALE
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EXPERIMENT
¥ NORTH
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: HALL
o
B
L L --\. -ﬁ‘
1 X \
[} 5%
: ]
L} T
;
- ¥ 1
=T skl |
bW o
7 q:
} r '
OOPS BLAST
OHIPS
BOUTH
EXPERIMENTAL
HALL  S0UTH HALL MG
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The 2.856 GHz RF Cavity & SHR Floor Space for IR Beam lines

IR beam lines

24
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Initial tests: First-Short Electron bunch

SHR Low momentum compaction Lattice operation (Dec. 2004)

Bunch Longitudinal profile from Streak Camera (C6860)  B. Podobedov

"BLAST" (original) "LMC-4"
Synchroscan f: 81.6 MHz (2856/35), integration time ~ 100ms

25
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Bunch lengTh (Vrf:134kv) B. Podobedov

“BLAST", r.ms 18 ps “LMC'4", r‘mS 36 pS

Raw data and Gaussian fit for profile #1

Raw data and Gaussian fit for profile #1

data data
260 o=18.1 ps fit || 0=36 ps fit |
ood 200/
250 G |
P :f ’_\\"5"'; St -\_\:!\_
240 D Bel 195+
R % X
: > vy . i
£ 230 i '\3_‘:‘_\ E
p 4 4 2190 %
2 220 i R 2 &
@ iy gy @ v
E p: M &fﬁ; = }
: X |
& & "
200 S & W e
r L
W%' LY 180
190} g 80 -
y&%" By
180 175!
0 20 40 60 80 100 0 20 40 60 80 100
time, ps time, ps

Preparations for the first test:

Low a Lattice : Quadrupole regroup and polarity switches.
LB9 SR Visible light transport (to Steak camera).

26
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Second test: CSR Power, spectrum measurement & lattice study

—

B16 Line

Quartz
viewport
3.8” opening

Side View

June 5-7, 2005
CSR detector system

Movable horn
GHz detectors

FTIR spectrometer

N
M2

Source to M1 ~3.6m

M1,2: parabolic mirrors

December 8, 2005

Nicolet Magna 860

JLab CASA Seminar

Transmission

L. Carr

Quartz view port (6 mm) fransmission

Frequency [THz]

0.0 0.5 1.0 15 2.0
T T T T T T T
1.0 | W o Y W
0.8 b il
MIT quartz viewport
0.6 .
04 |
0.2
0.0 : ! : ' :
0 20 40 60

Wavenumber [cm']
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Instrumentation for Spectroscopic Analysis of Coherent SR L. Carr

& =) aipkidp
reflectori

gt SC}U/ ree
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Setup for THz run: second test

‘Remote RF frequency control: Electron path length adjustment for
thermal closed orbit changes.
*B16 line & instrumentation for CSR measurement.

Final interferometer and Microwave detector

bolometer assembly B. Podobedov

for CSR in time domain

29
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Radiation intensity (a.u)

Coherent Synchrotron Radiation from SHR June 5, 2005

Poor alignment , Filter gain 1000, 10. The radiation
2 GHz : intensity is
10000 T T T T T I1? T T T TT T T T T T T T T I1? T r‘o Or.Tional To IZ .
——— (MA)= D00 prop .
9000 |- 14 |- Coherency test
8000 - 1? -
7000 - = 7] ooon * Intensity, at 2.41 em!
G000 ;:/6000—
=
5000 g 5000 -
i
4000 é 40001
3000 §3000
&
2000 20007
1000 o 45
0 : i1
10 10

Wave number cm™!

30
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Coherent Synchrotron Radiation from SHR June 6th,
2005

Good alignment , Filter gain 316.2, 1, : High Gain

107 GHz 10°

I

10° GHz 10°
T T T T T T T 7

(ma)= 1

— 2

10

=0 1055 T —

I
mA
1
2
5
9

1200

Radiation Intensity /background

100 I L oy
1" 10’
Wave number cm’

10° 10’
Wave number cm’

1

1

< 2mA, IntensityocI? At 2 mA (sig./bg.)max~ 10000.
At 10 mA, 50-110 GHz
Signal/background ~ 2000-80000.

Observations: beam instability.

Questions: a. Frequency low.

b. Not total coherent at higher bunch intensity.

31
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CSR from SHR June 6th, 2005

CSR Intensity/background vs. bunch length (Vrf): Coherency test
I=2mA

Ve (kV)  o.(ps)

20 ~ 7.6
80 ~ 4.4
134 ~4.0

CSR Intensity /background

10" 10

Wave number cm™!

32
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Bunch length (Streak Camera) vs. bunch current &

Spectrum comparison to Gaussian beam ( 3.5ps rms)

Significant lengthening when I, > 1.1nA (I=2 mA)

LIC-4 Bunch length ws Beam Current Vrf=134 W/

[+4]

10° 107

-
=

T — T T T T T 3
== == Calcul, 2 mA 3.5ps Gaussian| =
——— Measured 1 mA ]
_— 2mA,

10 ma,

=]
an
T

._“
.
I

]
T
-
. %
T T

rm.s. Bunch Length (ps)
o (] (] o (%]

& .
T T

-
Fa
T

Radiation intensity/background

5]

a
4
T

o
-
oo

T

Y
()
-
(= o
Y
(]

10

Beam Current {mA)

.
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The bunch length is measured
over 100 ms integration time. Low spectrum frequency, similar to Gaussian beam.
(over ~1.57x10° turns and
2.85x108 bunches)

Distinguish of bunch
"lengthening” caused by
instabilities and other
mechanisms is not possible.

Low bunch intensity & insignificant bunch distortion
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Bunch profile / beam current

Three bunch profiles from streak camera.
Each profile was average of many bunches over ~105 turns.
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"Bunch lenthening” including longitudinal instability. Short
high intensity peak exist.
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Sub-THz signal in time domain (Microwave detector)

! Bolometer
'WW:
! 2
Lo 75-110 GHz
. detector
Son 2
50-75 GHz
detector

1 k5/8

[ 1 DG -B.28 V
O STOPPED

= cOE]—
m
min @ —
3=
L L
o
=

oc i

At low current, only transverse
beam instability

I=2 mA, transverse damping
7,=200 ms
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Longitudinal beam instability at
higher current

I- 10 mA, longitudinal damping
7,= 100 ms
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What do we learned from the tests

»Need to suppress bunch intensity dependent beam instabilities.
(dominate: multi-bunch instabilities at present)

Plan:
Controlled bunch-bunch filling to allow single bunch operation or

larger bunch separations.

RF cavity HOM damping (Ferrite-loaded HOM absorber ready).
Ring impedance check (single & multi-bunch instabilities).
Increase of synchrotron radiation damping?

»>Need to store beam for lower a (<~10-4) lattices.

Low o lattice study, path length control (orbit ? Rf frequency)
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3. MIT-Bates SHR THz source R & D plan: Goals

< Address technical challenges to storage ring based CSR THz sources for high
stability, high average and peak power, and desired time structures. Our
research could benefit future dedicated source development or existing ring
upgrades.

The research will take full advantages of the unique high frequency rf system of
the MIT-Bates South Hall Ring, the capacities of the Bates accelerator complex.

Research collaboration: NSLS, ALS, Jlab, MIT community,...

< Provide a test source for the scientific communities to explore applications with
this broadband, stable, high power THz source.

L)

BESAC Subcommittee Workshop Report on 20-Year Basic Energy Science Facilities Roadmap (2003)
Far Infrared (Terahertz) Light Source Facilities

Further the BESAC Subcommittee notes that some of the parameters of these coherent
synchrotron machines are only comparable to available table-top sources: the energy per pulse, full
dc to terahertz coherence, and pulse durations are not much different. However, there are
opportunities for significantly higher stability and average power in these machine. Some
significant technical hurdles need to be explored more fully. The BESAC Subcommittee noted
that trials at BESSY have explored coherent synchrotron radiation (CSR) instabilities in storage
rings, but have not yet addressed the issue fully. Research to resolve this issue, as well as to
develop the energy recovery technology needed for linac-based sources, must precede any full-
scale commitment to a new facility.
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MIT-Bates SHR THz source potential
‘High average power, stable CSR: 1.5MV, 2.856 GHz,SC RF cavity.
‘High field (~ MV/cm): THz pulse stacking cavity.

*Short pulse: femtosecond laser slicing ( higher frequency).

SHR Band Pulse Rep Rate Average Pulse Peak

Width width Power Energy E-field
Present lattice - ~18 ps
LMC lattice ~1 THz ~1-2ps 2.86 GHz ~Watts ~nJoules ~ 1-10kV/cm
Ultra-stable ~1THz ~1-2ps 2.86 GHz 100W to kW | ~100nJoules | ~100kV/cm
Anticipated
High Peak Power ~1THz ~1-2ps ~MHz 100W to kW | ~10pJoules | ~MV/cm
(With Stacking cavity)
Anticipated
High field, short pulse | ~20THz ~50 fs ~100kHz ~Watts ~ wWoules ~MV/cm
(Slicing)
Anticipated*

* 10mA/bunch, =10 ps.
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The R & D plan

A. Establish ultra-stable CSR operation condition
with the 2.856 GHz RF system.

(moderate accelerator R & D, )

B. Explore full potentials of ring based CSR
source to meet multi-user needs (high average
power, high field, time structure,..).

C. Provide test source for scientific applications
at early stage.
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A. Establish ultra-stable CSR operation condition

with the 2.856 GHz RF system.

*  Controlled bunch-bunch filling:

>
>
>
>
0

Study single bunch phenomenon.

Optimal bunch filling pattern.

Multi-bunch instability study and suppressing.
Uniform bunch charge distribution

Special Challenge: 2.856 GHz bunch chain filling.

*  Machine Physics and other ring adjustment

>
>
>
>
>

Low a lattices, high order a control.

Better orbit, rf frequency control - stability.
Beam instability.

Impedance, RF cavity HOM absorber.

Long beam life time > 10 hours

-  Test beam line

December &, 2005

For machine study and source test.
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Ferrite-loaded HOM absorber for the 2.856 GHz RF cavity

A. Zolfaghari
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B . Explore full potential of ring based CSR source

Superconducting 2.856 GHz RF cavity
- Higher RF cavity gap voltage => 1.5MV.

- existing CW 50 kW RF power source
» SC RF cavity & cryo module - proposing, SBIR.

External pulse stacking cavity

- High average power => high peak power, higher field (MV/cm),
pump-probe...
» Initial discussion with
Optics & Quantum Electronics Group, MIT/EECS (F. X. Kaertner).

Femtosecond Laser slicing
- The Electron Beam for slicing is available. Potential ?

Modular dipole for large aperture and increase SR damping
- Low energy operation and beamline optimization.
one dipole 3.59m => three ~ 0.6m dipoles. Center one for THz.
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LIRCE Pulse Stacking . N
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Coherent Infrafed CEnter
Aguased Lget douroe
BERKELEY LAB

Because input pulses are coherent, it is possible to
resonate the signals to gain high pulse power levels.

Input CSR pulses

Peak power limited by cavity Q and phase stability of pulses

T. Smith, et al., NIMA 393 (1997) 245-251.

G ENNMERICEEE L AWRENCE BERKELEY NATIONAL LABORATOR Y EEEEERDEEE
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Recommendations from the IAC (6. Williams chair)
at MIT-THZ workshop (Oct. 11-12, 2005)

http://bpc.ins.mit.edu/THz/workshop2005.htm

1. Accelerator:
- Steady CSR operation.
- Potential of 1 nC 600 Hz source.
- Potential of femto-slicing as a source.

2. Define unique properties of potential sources comparison
to existing sources.

3. Establish working group of local potential users.

4. THz spectroscopist: co-ordinate activities with other
facilities in the USA, guide the evolution at Bates and
speed up implementation.

December &, 2005 JLab CASA Seminar
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Initial Scientific Applications

@Essv CSR THz experiments at BESSY

Between fall 2002 and 2005: - ~ 22 days at BESSY dedicated for THz users
- shared by over 10 groups!

User group Project O TECHNISCHE
@ UNIVERSITAT -
DRESDEN RS s

H.-W. Hilbers et al. - detector technology for space applications ;
M. Martin et al. - High-T,BSCCO =UCSD u‘ P 3
P. Calvani et al. - High-T, cuprates . ) -
L E.aSa?:lePﬁ Roma
@Essv
D. Fried et al. - spectral imaging on human teeth ‘

le Unmversitar A
WiEn [ \

[ UNIYEBSITE
— | Ve ERRES MARIE CURIE
WIEN UNIVERSITY OF _AI |\|| e

nnnnnnnn F STILN A

Workshop to explore Terahertz opportunities at MIT-Bates, October 11-12, 2005 Ulrich Schade
December 8, 2005 JLab CASA Seminar
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Possible applications at MIT-Bates THz source
(MIT THz workshop discussion)

Potential source: THz range 0.03-15 THz, ~d:s, W-kW,
reproducibility ~10-3,

THz Resonance Transmission and Time Domain spectroscopy :
Biological Polymers and Others. T. Globus (UV)

Oxidative Damages to Human and Microbial Genomes.
H. Holman (LBNL)

Condensed Matter Physics and Materials Science
- Unconventional superconductivity.
- Intrinsic maghetoelectric and Multiferroic materials.
- Photovoltaic and Fuel Cells.

P. Guptasarma (UWM)
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