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* The Physics
— Search for physics beyond the Standard Model
— Interference of Z boson with single photon in Mgller scattering
— Measure the weak charge of the electron and sin“6,,

— Sensitivity comparable to the two high energy collider
measurements

* The Experiment
— High rate, small backgrounds — 150 GHz, 8% backgrounds
— Novel toroid design, with multiple current returns

— Full azimuthal acceptance, scattering angles from 5.5-19
mrads, 2.5-8.5 GeV

— 150cm (5 kW) target, detectors 28m downstream



THE PHYSICS
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MEASUREMENT OF sin?6,,,
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THE EXPERIMENT
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Scattered Electron Energy (GeV)

Lab Scattering angle (mrad)

100% Azimuthal Acceptance
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Tracks in GEANT4

Moller and ep electrons (GHz/cm?)
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Large Phase Space for Design

I. Large phase space of possible changes

A.
B.
C.
D.

Field (strength, coil position and profile)
Collimator location, orientation, size
Choice of Primary collimator

Detector location, orientation, size

Il. Large phase space of relevant properties

A.

nmmooOw

Moller rate and asymmetry

Elastic ep rate and asymmetry

Inelastic rate and asymmetry

Transverse asymmetry

Neutral/other background rates/asymmetries

Ability to measure backgrounds (the uncertainty is what’s important)
1. Separation between Moller and ep peaks

2. Profile of inelastics in the various regions

3. Degree of cancellation of transverse (F/B rate, detector symmetry)
4. Time to measure asymmetry of backgrounds (not just rate)
Beam Properties (location of primary collimator)



Spectrometer Design

Ideal current
distribution

e * Optimize Moller peak
pe——— e ¢ Eliminate 1-bounce photons
e » Minimize ep backgrounds

* « Symmetric front/back scattered
mollers (transverse cancellation)
* * Different W distributions in different
sectors (inelastics, w/ simulation)

\. v
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Spectrometer Meetings

Director’s Review — January 2010
Advisory Group Meeting — August 2010
Collaboration Meeting — December 2010
Supergroup Meeting —June 2012
Collaboration Meeting — September 2012

Collaboration Meeting —June 2013
Advisory Group Meeting — October 2013
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Suggestions of Advisory Group

larger conductor and hole (-1550 A/cm?)

wanted a better representation of the fields, space
constraints, etc., wanted Br, Bphi

larger vacuum chamber instead of petals

Wish list:
— Get rid of negative bend
— Use iron to reduce current density



Work since original proposal

* First Engineering Review
o Verified the proposal map in TOSCA
o Created an actual conductor layout with acceptable optics

* Since the engineering review
o New conductor layout, take into account keep-out zones
o Water cooling more feasible

o Preliminary look at the magnetic forces - Purchase of a new machine and
TOSCA license for use at

University of Manitoba

* Interfacing with engineers
o JLab engineers estimate that pressure head is not an issue
o New conductor layout with larger water cooling hole
o Coil carrier and support structure design
o Working toward a “cost-able” design for DOE review soon



Proposal Model to TOSCA model

Home built code using a Biot-Savart calculation

Optimized the amount of current in various
segments (final design had 4 current returns)

Integrated along lines of current, without taking
into account finite conductor size

xS
Actual conductor layout, with blocky version
~
|

y

I,
e

/

“Coils-only” Biot-Savart calculation

Verified proposal model

e 72 7

* Created a first version with actual coil layout

W Created second version with larger water
' cooling hole and nicer profile; obeyed keep-out

zones
ry Group Meeting
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Concept 2 — Post-review

Current density not an issue, but affects cooling

» Larger conductor
o Larger water-cooling hole
o Fewer connections
o Less chance of developing a plug

» New layout
o Use single power supply
o Keep-out zones/tolerances
o Need to think about supports
o Study magnetic forces

» Continued simulation effort
o Consider sensitivities
o Re-design collimation
o Power of incident radiation

Magnet Advisory Group Meeting

October 14, 2013 o



Layout
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Upstream Torus
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low,down

ehigh,down

Finite Target Effects R Brghup
eIow,up
Assume 5.5 mrads at upstream
end of target, instead of center
Rinner
Ztarg,up Ztarg,center Ztarg,down
Z.,;= 590cm
Zargup = ~72CM From center: From downstream:
Ztarg,center= Ocm Rinner = 3.658cm
Zargdown = /€M R, = 11.306cm Bioween = 6-200mrads Blowsown = 7-102mrads
Ohighcen = 19-161mrads Ohigh,down = 21.950 mrads
0,,= 5.5mrad
Ohigh = 17 mrad



Looking downstream
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Field representations
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Radial plot, middle of open sector

26/Aug 2013 10:14:31 Z: 1375[ (p = O
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Radial plot, edge of open sector

26/Aug[2013 11:40:52
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Around Azimuth

/=1375,r=13.5cm

5 2

26/Aug/2013 12:31:38 qh) §
o S\ I\ SN 55 M\ I\ a
| 1Y & ) |

3100.0

=y
|

3050.0

2950.0

2900.0

—
—— |
L —

|
\
3000.0 ]
V)
\
\

|
\
veod L[ \ (- \ o/ \ \\ |

oed L | \ | J

| | \
2700.0 u U \J U U \\j

X coord 135 417172942 -10.921729 -10.921729 417172942
Y coord 0.0 12.839263 7.93510091 -7.9351009 -12.839263
Z coord 1375.0 1375.0 1375.0 1375.0 1375.0
Component: BMOD, from buffer: Circle, Integral = 255104.305759947

Magnet Advisory Group Meeting
October 14, 2013



Map contours: [-B+BY /S QR T2+ 2] ><
9.071470E+003

40

2.000000E +003

7.000000E +003

1 6.000000E +003

— 5.000000E +003

— 4.000000E +003
T 3.000000E +003
T 2.000000E +003
I 1.000000E +003

-3486922E+000

Integral = 5.322600E +007

Mon-uniform axiz zcaling

up (z0=-75cm) 5.5 to 15 mrads

middle (z0=0cm) 6.0to 17 mrads

down (z0=75cm) 6.5to 19 mrads
Tracks colored by theta from

phi=O Only Magnet Advisory Group Meeting purple to red (|OW to high)

October 14, 2013 25



Map contours: [-Ber+BY=<]/S0R

— 5.000000E+003

— 4.000000E+003

3.000000E +003

— 2.000000E+003

I 1.000000E +003
-3.486322E+000

Integral = 5.322600E +007

Mon-uniform asis scaling

up  (z0=-75cm) 5.5 to 15 mrads
middle (z0=0cm) 6.0to 17 mrads
down (z0=75cm) 6.5to 19 mrads

Tracks colored by theta from

phi=0 only, near magnet iagnet Advisory Group Meeting PUrple to red (low to high)
October 14, 2013

26



Maoller and elastic ep electrons at z=280U. Ucm
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Tracks from middle of target (z=0), phi =0 only 2.8 (blue)

6.0 and 17 mrads ee 3.0 (red)

Magnet Advisory Group Meeting 2.0 (green)
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Maller and elastic ep electrons

b
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Moller and elastic ep electrons at z=2800.0am
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GEANTA4

* Moved to GDML geometry description
e Defined hybrid and upstream toroids
* Parameterized in same way as the TOSCA models




GEANT4 - Collimators
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GEANT4 — Acceptance definition
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Collimator Optimization

2D View of Toroid Spectrometer
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® movable collimators

#4
0.11 kW
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Comparison of GEANT4 Simulations
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Current Version of the Hybrid and Upstream
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Magnetic Forces

Use TOSCA to calculate magnetic forces on
coils

Have calculated the centering force on coil:
~3000Ilbs (compare to Qweak: 28000 Ibs)

Need to look at effects of asymmetric
placement of coils

Could affect the manufacturing tolerances



Sensitivity Studies

Need to consider the effects of

asymmetric coils, misalignments etc. on yaW

acceptance

This could affect our manufacturing

tolerances and support structure
Have created field maps for a single coil

misplaced by five steps in:
— -1° < pitch<1°
— -4° <roll <4°

— -1° <yaw <1°

— -2 <r <2cm
— -10<z <10 cm
_ _50<¢ <50

Simulations need to be run and

analyzed

Z (N
A

roll
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Ongoing/Future Work

* Ongoing/Future work
o Optimization of the optics
o Magnetic force studies
o Sensitivity studies
o Collimator optimization
o Design of the water-cooling and supports
o Design of electrical connections
o Look at optics for 3 coils



