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FOR SIMULTANEOUS FOUR-HALL OPERATION AT CEBAF* |
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— — s = |Implications: =
| Abstract = " . ~ |* A new laser syst '
| As part of the CEBAF 12 GeV upgrade atf \) == photo-cathod yStém is needed for the f
Jefferson Lab, a new experimental hall was ’ \ ? fourth hafl € gun to run the new =
added to the existing three halls. To deliver§ ﬁ e 1o . =
| peam to all four halls simultaneous-ly, a new ’/ ) - run all four halls sumultaneously two £
—— timing pattern for electron bunches is needed ek | inas . % or n?c?re halls have to run at | half
at the injector. This pattern change has , | Tepetition rate (but not nece ° =
| consequences for the frequency of the lasers A F lower dverage current) ssarl =
at the photogun, beam behavior in the | ‘ /" RF Separators = The new beam pattern cr
— | chopping system, beam optics due to space [['NeCtor i85 i 4 ~~" South Linac { POssibility for having up t cates the —
charge, and setup procedures. We have /,/E% o the highest energy th > 0 s beams at =
successfully demonstrated this new pattern future applicati y that can be used for
using the three existing drive lasers. The NEW 5th Pass Separator accelerators Ons or to feed future b
implementation of the full system will occur NEW Arc 10 e The chan | ==
— | when the fourth laser is added and upgrades 2 G | | 8€S are only to the sth =
= to the Low Level RF (LLRF) are complete. In this W Experimental Hals Parator and the electron gun laser [
paper we explain the new bunch pattern, the CEBAF 12 GeV Upgrade: System;. all other systems are expected =
challenges for setting and measuring lihe Increases maximum energy from | to function as before.
pattern such as 180° RF phase ambiguity, 6 GeV to 12 GeV and adds a new — ==
| addition of the fourth laser to the laser table e — — =
_- and LLRF upgrade. Measurement of Beam Timing
e e . O O O Different Timing Same Timing ——
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Fast ADC
( IQ demodulator)
Fast DAC
( IQ modulator)

| Making Room for the New Experimental HallD | | Architecture of LLRF Hardware for Each Laser | | .
| EPICS First Method: <,
i Master Oscillator/Clock A ) _ — . =
A B C A B C A B C A B C A B | -: [1 i provisional US I n g S p a Ce ::
— = || Charge Effect S -
= ; | _ downconverterIF = FP G A upconverter N, _, ~_ o
V — Laser MVC@Q 7 RE L.aseré z = )
— RF Feedback prive E -~ ® 20 340 360 380 400 40 -20 0

Three interleaved beams (A, B, and C) each at 500 MHz. : S

Phase (deg) Phase (deg

T

Local Oscillat@é S g .
A B C B CABC B CAB B H J I TI TS Total current from two 250 MHz beams each at 45 pA peak. |
—_— S—— Left: the beams are 2 nanoseconds apart in time.

Right: the two beams have simultaneous pulses showing

Signal processing involves mixing with the Local Oscillator _ .
signs of higher space charge.

to down and up convert RF signals, digital demodulation, =
Proportional-Integral control, and gen-erating the
Intermediate Frequency (IF) signal using a single Digital to
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Beam A at 250 MHz makes room for D beam.
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Analogue Converter (DAC) [8]. The green area shows the g ==
| proposed addition to the LLRF to allow system operation at i

50 501

" |+ two frequencies while the grey is the present configuration.
AandDat250 MHzand Band Cat 500 MHz. | [ e | Socond Method:

The 4-laser configuration f
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Each sine represents the 1500 MHz accelerating frequency. |
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| The Separator System: B B e | System i .
= 500 MHz Separators: N p [ ek o ComoR 11 i
- . Beam —p . HALLC &m E ;mtg Q/ t % :Z;J W I P RS I P % :ZE L '-\.:w?m%wﬁmfiqwl IR .l.;. JF . ::
Two-way separation: e Lacen e o,
| | used in lower passes G L | 250 MHz beam bunch i d in Mott polari (“1’:)
| _
= One beam extracted " AR QG B p‘n“] E“mt&ép& % ?L = < Z beam bunches measured in IVIott polarimeter ‘
3 - I d Accelerator FIBER LASER . VEEEPL',JETE - (|) Beam A Only, =
Twp recirouTate o | (ii) Beam D only note bunches shifted in time by 2ns =——
Z A/B/C/D = ’ —
500 MHz RF Separator —-— p‘mi_ | E _m&g @ POLARIZING CUBE E A = (III) A+D 2ns apart, —
- T / } i - | (iv) A+D 0 ns apart after D timing changed to match A.
A - . : IWP 2./2 o e ———
Three'Way Sep-ar-atlon. e | B WAVEPLATE COnC,uSIOn . e —
= | Used for splitting the 30500 ﬁﬁ @ o Sionifi
| | 5" pass beams to three 'gnificant Progress h
: Accelerator . - . . aS b ee n d
= halls ABC. Fequency 0 | The two stages of combination onto a single axis. Once the durmg the , Made
: ke “ | four laser beams are combined, all four experience the | 250 ast year in Production of
= S0 2 RF Spaet same Pockels cell and waveplates which are used to convert | and 500 MHz beams essential
| thelinearly polarized lasers into circularly polarized lasers Four-HaH operation 1al to
750 MHz Separator: | prior to reaching the entrance window to the electron gun. | e 250 M '
‘ Beamto . . . . . o : == HZ phVSICS
= old Hals Two pairs of laser beams are combined using a partially a partially reflective mirror, passing a | = qua,lty bea ms h
= | large portion of one beam and small portion of the other. Fortuitously, two end-stations require beEn d, ave
SplItS eaCh 500 MHZ Accelerator ﬁ ﬁ ﬂ ﬁ | ~ | high-current and two require low-current, thus the pairing is decided this way. Next, the two rECtEd tO the a r
) Frequency ﬂ | pairs of laser beams are combined using a polarizing cube. One pair of lasers has linear [— ex e . pp Opr,ate
beam at hlgheSt PassS to 1500 MHz ﬂ polarization defined in one plane and vice-versa. Specifically, the A (high-current) and B (low- [ p r,menta, ha ” und
B | Four Hal current) have the same linear polarization and are combined by one mirror; similarly the C (high- |- er the nEW

two 250 MHz beams,| GUGT

current) and D (low-current) have the same linear polarization (but orthogonal to previous pair)

@ Operation!

_ >€paration system
one going towards Halls Hall Lasers D | and are combined using another mirror. Finally the A/B and C/D beam are com-bined by a | ~ . ‘
Mol 250 Wi O | | polarizing cube. !

ABC and other to Hall D Hall B 25 i

Hall C: 250 MHz
Hall D: 250 MHz

Beam to
Hall D
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750 MHz RF Separator
for 5 Pass

| Note: For simplicity the RF frequencies have been rounded to the nearest 10
| MHz; CEBAF fundamental frequency is 1497 MHz and all references to 500 MHz
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