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Hall A Compton Polarimeter Upgrade

Motivation:

Improve accuracy of polarization experiments by providing 1% beam polarimetry down to 1 GeV. High
precision parity violating experiments (such as PREx) are feasible with this upgrade.

Electron Beam

New Electron Detector : (Clermont-Ferrand)

High resolution silicon micro strips to
improve tracking resolution

Photon detector
Magnetic Chicane

New Photon Detector : (Carnegie-Mellon)

A =532nm,k=2.3eV

Improve systematic uncertainties
Green Fabry-Pérot Cavity : (Jefferson Lab, Syracuse) experienced in the counting method

While preserving counting abilities
Twice the Analyzing power of present IR cavity

Four-fold increase in Figure-of-Merit

Participating Institutions: Jefferson Lab, Saclay, Syracuse, Clermont-Ferrand, Uva, Duke,
Carnegie-Mellon



Green Fabry-Pérot Cavity

Jefferson Lab, Syracuse, UVa

Wavelength

532 nm

Power

1500 Watts

Gain

15,000

Q-factor

1.8 x 10"

Length

0.85m

Mode

CW, TEM,

Free Spectral Range

176 MHz

Cavity Band Width

3.12 kHz

Mirror Reflectivity

99.996266 %

CIP spot size (o)

Solutions :

a) Low power Green Laser -> High Finesse cavity,
Feedback to laser PZT to lock

b) High power IR Laser + single pass PPLN SHG -> Low Finesse Cavity,
Feedback to laser PZT

87 um



Optical Setup

1500

1000

500

0

OptoCad

(v0.84h),

500

12 Jun 2008, cavity.ps

1000

1500

2000

| I | | I .| | I .| || | I | il | .| | | I | I | I | | | I .| I | .| | | I | I | | I | | I .| | I | | | I | | I .| || | I | | | I |
Z p—— 1 —
] - || —
] B FPs | 4T | . T fP L s n
- i | =0 »
] CAN I — L ~
] = 3 34 2 u

PDT 9

7 A PLSL [ PM. PM = "\ -
- iz G 5t LN ENEEC: 2 Vi3 —
] =, f N
] ‘;i» i PM5 gnﬂ —
- 3 a3 P P H - [
] |} 4 R [
] N ¥ B30, n
— T ™~ 1 4 [
] S = 40f | —
- I~ 1 -
- i PM P —
N S N
] n B
] 4315z B
] » —
. HeNe laskr -
] \ —
] 44
m PDF
7] 2
] D,
] 51 |
- O Al —
N FisY £z n
. 't é '* 3 “44@’ N N f u
] o5 B
] BD BWP0 tical Bench|(2@xT5 n

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RN RN EEEEE RN RN NN I NE R NN SN RN AN RN EAREE RN RN IR AR EEN B RERE RERE




Compton Lab ARC L312

EEE‘S r‘l 1
H[’; \ I

|
¥
) ?ﬂ?’ﬁf‘




Cavity Mode Matching

.Laser mode (beam) should match the cavity resonator mode

.Beam waist at the center should match the natural waist of the cavity




Cavity Optics Simulation

Mode Matching of REO Cavity by OptoCad 000507 12228

MM Coeff.

OptoCad :

FORTRAN90 program for tracing
Gaussian beams to compute the
parameters of the optical system

| Cavity Profile
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.OptoCad has limited ray tracing (2D R E
only) and no Polarization transfer £ F :
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.Complete modeling of cavity optics o
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Laser Beam Profile
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Cavity Locking

A o
L=q; Af = 5%

. Keep the cavity resonate forever

. It is very hard to stabilize the cavity

l th i l l Beam
ength 1n nm leve Tunable Laser Splitter Cavity
\
Pound-Drever-Hall Locking Scheme
Photo

«Detect phase of the resonance from | detector
reflected light : |
«Feedback to tunable element to stay Error -0 o |
“locked” to resonance signal : Sz%m) xsin({r) |

| Mixer
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Transmission

Slow Search

Cavity Locking
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Successful locking with G=1,000 cavity (2007)
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Nd:YAG
IR laser

Fiber Laser + PPLN Progress

FOI Coupler :Amplifier

PPLN crystal

T Green powermeter

setup
{\ ]
V —
Fiber Focusing
Coupler Lens

Dichromic IR powermeter
mirrors
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Summary:

Prometheus Laser:

- REO cavity is essembled, Mechanical stability is excellent

- Cavity scan demonstrates good TEM,, mode with Good quality Reflection, Transmission and Error signal
observed

= Cavity locking exercise in progress

PPLN Laser:

= produced ~ 1W of green power with 12~13%/W conversion efficiency, more possible
= PPLN beam has been injected to the cavity demonstrated modulation tunability with the fiber amplifier

= We have a high-power tunable green laser solution !!

Plans:

JInstallation Squence:
Electron Detector -> Laser Cavity -> Photon Detector

.JInstallation begins in Aug 08 !
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Back Up Slides
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IPG IR->Green

PPLN + Fiber Amp Stuff
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Measrmnt
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Why optical cavity is chosen
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Amplified by optical cavity:
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