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HALL-B AT |EFFERSON LAR

5 Recirculation | ——

Arcs —
0.6 GeV
0.6 GeV

o Linac
Accelerator Energy = 6 GeV Beam Polarization > 80%
Maximum Current = 200 uA Tagged 7Y Energy = 0.5-5.8 GeV
Duty Factor ~ 100% E, =0.20Eq to 0.95E9
51818 = Ao 1 (R
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C LA
CEBAF LARGE ACCEPTANCE SPECTROMETER

* Green = Electromagnetic Calorimeters Jefferson Lab
CLAS Detector
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e Red = [ime of Flight Counters
e Plastic Scintillators
“ioter IRME RS
e Purple = Gas Cherenkov Counters
* Electron/Pion Separation

O LSie R D RRS
* Blue = Dnift Chambers

¢ 35,000 cells filled with Argon/CO»
e Yellow = Torus Magnet

e 6 Superconducting Colls

* | arge aperture for detecting scattered particles (0./5*4TT)

Courtesy of Eugene Pasyuk

Saturday, September 26, 2009



FROST WITH CLAS

**FROST = FROzen Spin Target
s*Polarized scattering experiments w/a nuclear-spin polarized target
**Designed for tagged photon experiments
+**Circular and linear polarized photon beam: 0.5 - 2.4 GeV
s*Longitudinally polarized target (g9a)
** Three targets: Butanol, Carbon ('2C), & Polyethylene (CH>)
s*Butanol target (15mm x 50mm) is frozen at 30 mK

s*Run Time: Nov. 3, 2007 - February 12,2008
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Linearly polarized beam

FROST - TOTAL EVENTS

ERacc e 00 tniggers

AR ACE 00 M trigeers

.l GeV

.3 GeV
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2.1 GeV

2.3 GeV

SO00M triggers
600M triggers
600M triggers
850M triggers
720M triggers
800M trigsers

/80M triggers

Circularly polarized beam
Eo= 1645 Gey i BSuieschs

Eo=2 478 Geve s S Rizacis

Total
10 Billion Triggers

Trigger
Charged Particle
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FROST - LINEAR POLARIZATION

. . . . da: " ueit
“Differential cross section (for Polarized Beam): s dS(Z ) 11 — PXY.cos(2¢)]
doy — do |
*Photon Beam Asymmetry: 3 = |
do I + do |
s K 1= I 204 (P54 P 20 16 Observables (in Red)
+1,(T- Pi™ Pcos 2¢ )+ . PS" E+ P Gsin 24 )
“’;[ffj;ii?l:f;;ﬁiffﬁ (ijpfos;i(js ” = | Unpolarized Observable
©ol [P P08 3 ( PGP sin ) =3 Single Polarized Observables
1P, (3-Plincos 2+ P Plin Fsin 2¢-+ PS¢ H )] = 3 Beam-Target Polarized Observables
OB CA RO s 294 DT B Lac0s 26)) = 3 Target-Recoil Polarized Observables

+P,(- PnClsin 2¢- PO, )+ . L+ P T, cos 2¢ : :
W FETO A LAE I m» 3 Beam-Recoll Polarized Observables

[Barker, Donnachie & Storrow. Nuclear Physics B95 (1975)]

Courtesy of Ken Livingston
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FROST - THE EXPERIMENTS

E02-112 A= KY(K+A KTyY KOZO) P Euginio, F.J. Klein, L. Todor

N. Benmouna, W... Briscoe, D.G. Crabb, M. Khandaker,

‘0‘ EOB‘ | OS/EO4 | Oz WY p’ 7T n G.V. O'Rielly, I. Strakovsky, S. Strauch, D.I. Sober

0:0 EOS_O | 2 YpP — NP, 1) p M. Dugger, E. Pasyuk
0:0 EOé_O | 3 ’yp S 7T+7T_p M. Bellis,V. Crede, S. Strauch
Photon Target
- T Y Z
unpolarized o0 0 T 0
linear pol. - H (-P) -G
circular pol. 0 F 0 - K

Observables for FROST
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COHERENT BREMSS TRAHLUNG

s*Definition: Electrons incident on an oriented diamond radiator yield an enhancement in the

photon energy spectrum with respect to the amorphous radiator:

**Position of the peak depends on
the angle between the crystal

planes of the diamond and the

ener%y Of e €|eC'JEI"Oﬂ e gmo ..............................................................................................................................................
bom a‘rcj”,_]g _the dlamond. g ................................................................................................................................................

...........................................................

**Energy flux that is incident on the
diamond causes the position of the

peak to waver slightly. (see slide |2)

Polarisation
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1 1 i 1
1200
Photon Energy (MeV)

Diamond inside the Goniometer

[IT U.Timm, "Coherent Bremsstrahlung of Electrons in Crystals”. Fortschritte der Physik 17,765 (1969)
[2] A. Natter, et al.,”’Monte Carlo simulation and analytical calculation of coherent bremsstrahlung and its polarisation”. Nuc. Inst Meth B.211,465 (2003)

Edge in range 1330-1360 MeV, PARA’

Input Parameters

beam energy (MeV)
<< < 4551.0 > >
energy spread (MeV)
<< < 0.000 > >
goni_h (mrad)
<< < .1.2236 > >>
goni_v (mrad)
<< < 20.059 > >>

goni_a (deg)

<< < 45001 > >>
x beam Spot Size (mm)

<< < 0457 > >
y beam Spot Size (mm)
<< < 0457 > >
x beam divergence [mrad]
<< < 0.030 > >>
y beam divergence [mrad]
<< < 0030 > >
radiator thickness [mm]

<< < 0046 > >
collimator distance [m]

<< < 22900 > >

collimator length [m]

<< < 0300 > >>
collimator radius [mm]

<< < (0599 > >>
incoherence type

<< < 1 L
no of latice vecs

<< < 10 > >
Z of Crystal (Di:6)

<< < 6 E

Z of Amorphous (Ni:30)
<< < 12 > >>

Load Data

RUN

Clear
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COHERENT BREMSS TRAHLUNG

s*Coherent Peak: Peak with the highest negative gradient. The highest
degree of polarization is observed here.

s*Coherent Edge: Tailing slope of a coherent peak.

*Tagged photon experiments allow us to determine the photon energy
to the degree of polarization via Coherent Bremsstrahlung.

E Counter Scalers Enh IGRGRON Edge in range 1330-1360 MeV, PARA

Entries 3.361667e+07

Mean 1439 Input Parameters
RMS 158.7 E‘l 800 : beam energy (MeV)
n gL ﬂ < 45510 > >
0 _1 4 — £1600 o ! energy spread (MeV)
| g - \ < 0000 > >
w1400—~ goni_h (mrad)
B - l \ << | < [1.2236 > | >
| 1200(— goni_v (mrad)
a f \ << < 20.059 > >
0 - 1 2 I 1000+ goni_a (deg)
T = / ‘ < 45001 > >
— 800 - x beam Spot Size (mm)
- A \ < 0457 > >>
B 6001 / y beam Spot Size (mm)
0-1 I = / \ < 0457 > >
— ma B ,,f'Y i F=aN x beam divergence [mrad]
L/ << < i > >
B = e . . 4= P"J \\ s, y beam dh?e:)g:::oo [mrad)
= \ i et T e Y ~
B . < 0.030 > >
0 08 — .§ E radiator thickness [mm]
- 2 09F - < 0.046 > >
B %’ = collimator distance [m]
| s 08 = < 22900 > >>
= 0.7 = £ III collimator length [m]
E / | << < 0300 > >
0 -06 I 0.6 'r"l l . collimator radius [mm]
B =i | i < 0599 > >
— 0.5 -y ‘.J‘ l‘l incoherence type
-/ < > >
1 1 1 1 I 1 1 1 | | | 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 | 04 E_Il"f lill no of |a:ga vecs
1200 1300 1400 1500 1600 1700 1800 03 | - « < 10 > »
= / Z of Crystal (Di:6)
E_Counter 02E , ". Lo\ A L
= / I% ; 7 " Z of Amorphous (Ni:30)
E d Vol ! <« < 12 > >

The Coherent Peak & Edge

NP R | e i I R = Al R
1200 1400 1600 1800 2000 2200 2400
Photon Energy (MeV) LoadBan RUN
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RO DETERMINATION OF THE POLARIZANRIEIS

< Overall Goal

**Analyze data from the photon tagger and produce a set of run tables relating the
photon energy to the degree of linear polarization (g9a/FROST).

s*Create a software package that is modular; can be used in future JLab experiments
performed in Hall-B (e.g. ¢9b/FROST)

< Execution

**Created a suite of software tools that extract the linear quarization data and produce
enhancement plots for the analytic bremsstrahlung calculation.

<*Enhancement Plots:

*»*Visual delineation of the coherent peak of the linear polarization and its energy
fluctuations.

**Used to produce the photon energy vs. polarization tables via Analytic
Bremsstrahlung calculations.

Saturday, September 26, 2009 11



ENERGY vs. TIME (SAMPLE)

POL_EDGE_55694 _plot.txt
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As we increase the energy, we increase the goniometer angle.

At large angles, the photon beam is less prone to energy fluctuations.

All plots are avallable at:
http://nucleargla.ac.uk/~arthurs/polPlot/
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COHRHERENT EDGE VARIATION

‘é

g

Enhancement

1000

|Polarisation|

Different photon energy vs. linear polarization tables produced
for each energy setting due to the variations of the coherent edge
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ANB CALCULATION

» Analytic Bremsstrahlung' is software that compares
the enhancement plot that Is generated from the run-data to
a theoretical bremsstrahlung calculation.

Analytic Bremsstrahlung Calculation for 1.5 GeV

I ; |2
0 500 1000 1500 2000 2500 3000 3500 .0 500 7000 1500 2000 2500 3000 3500
Enhancement vs. Energy Polarization vs. Energy

Black Line = Experimental Determination
Red Line = Theoretical Calculation Generated By Analytic Bremsstrahlung

[ITA. Natter, et al.,’Monte Carlo simulation and analytical calculation of coherent bremsstrahlung and its polarisation”. Nuc. Inst Meth B.211,465 (2003)
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WHAT'S NEXT?

% Finish the analytic bremsstrahlung calculations

Y Produce a software manual for the determination of the
liInear polarization.

% Submit manual as internal report (JLab CLAS Note)

Saturday, September 26, 2009
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POLARIZATION OBSERVABLES

% 4 Complex Invariant Amplitudes/Helicities \bi\Q
P p

** Complete measurement from 8 Polarization Observables

Polarization® of
Observable Y D A

1. {do/dQ}/N

b1 12416512+ 15512+ by

Single polarization

2. P-{da/dQ}/N y' =|b;[2— b, |2+ b3 — |b4]?
3. 3-{do/dQ}/N p =1by |2+ |by|>— b3 — [ b4]?
4. T-{do/dQ}/N y =1by = 1by[>—|b3|*+ | by

Double polarizaton
Beam-target

5. E-{do/dQ}/N ¢ z =2Re(b,by +b,b})
6. F-{do/dQ}/N ¢ x =21Im(b,bT —b,by)
7. G-{do/dQ}/N t z =2Im(b,b¥ +b,by)
8. H-{do/dQ}/N t x = —2Re(b,bT +b,b%)
Beam-recoil
9. C,-{do/dQ}/N c x' =—2Im(b,bf —b,b¥)
10. C,-{do/dQ}/N c z' =2Re(b,bf +b,b})
11. O,-{do/dQ}/N t x' =2Re(b,bf —b,b¥)
12. 0,-{da/dQ}/N t z’ =2Im(b,bJ +b,b7)
Target-recoil
13. T.-{do/dQ}/N x x' =2Re(b,by —b;b})
14. T,-{do/dQ}/N x z' =2Im(b,b¥ —b3b])
15. L,-{do/dQ}/N z x' =—2Im(b, by +b;b})
16. L,-{do/dQ}/N z z' =2Re(b,by +b3b})

[Barker, Donnachie & Storrow. Nuclear Physics B95 (1975)]
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