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Hybrid vs. Segmented downstream torus configs

15% higher current density
in order to maintain [ B - df because each

straight segment is approximately 15% shorter
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Procedure for testing conductor configs

* JLAB produces conductor config (blocky version of CAD)
e Juliette reads in the conductor, produces map in TOSCA

* Sakib reads map into GEANT4 to run sims/do analysis

Purpose: to check whether reasonable changes to the segmented to improve engineering make a difference to
the downselect

1.O2.A

Similar to V1.02 with US coils having increased current by 125%,
No change to DS cols.

04.10.2020

1.03

Symmetric coill model. JLab Blocky Model of the segmented
modified to match the mside surface of the mitial ] Mammie
blocky model {current density changed, as Juhette M suggested).

New US coil design with 125% current compared to JM blocky
model.

02.03.2020

V2DHy.1

Downstream Hybrnd symmetric model

10.21.2020

V2DSg.la

Downstream Segmented symmetric model with 5C1, 2, 3 cols
identical to V2DSg.1 and a new SC4 design compnsed of two 3
turn single pancake coils.

10.21.2020

V2ID5g.1b

Downstream Segmented symmetric model with SC1, 2, 3 cols
identical to V2D5g.land a new SC4 design comprised of two 4
turn single pancake coils.

10.21.2020
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V1U.2a_V1DSg.3

V1U.2a_V2DHy Configuration
V1U.2a_V2DSg.1a labels

V1U.2a_V2DSg.1b



Simulation Configuration

Geant 4.10.6

The field maps are generated in TOSCA with a Biot-
Savart calculation (assumes no non-linear materials)

The spacing is:

Radial 0.5 mm
Azimuthal 3 degrees
Along z 10 cm
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4000 H 13000

z scale 1/10

For the downstream torus, the
map extends from:

0<r<40cm
45<72<12.5m
Full azimuth



Comparisons

* From qualitative to quantitative
* Looking at fields for particular r, theta or z

e Simulation results at detector plane
* 1D radial distributions
e 2D x-y distributions
* Theta-r distributions
* Fractional asymmetry plots at detector plane

* Deconvolution results
e All with and without primaries
* Summary with relative uncertainties
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Radial distribution at detector plane 26.5 m from target
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y(mm)

y(mm)

ee+ep-+ine rate at detector plane 26.5 m from target [GHz/uA/sep/(5mm) ?]
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2D distributions at
detector plane
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theta(rad)

@e+ep+ine rate at detector plane 26.5 m from target [GHziuA/sep/(5mm) ] ee+ep+ine rate at detector plane 26.5 m from target [GHz/uA/sep/(5mm) ?]

x107°
0.03 - . 0.03 — R AT e 10
- . 0.8 g - Co. P ) )
C r I - . 0.8
0.025 - ;- . 0.7 _‘-&_J, 0.025— |
- - . C - 0.7
B SR 05 - ce e .
0.02 = L I (2 O - .
- _- .- 0.02 [~ " Y= | —06
[ -, : —05 o b
L L - . o= —0.5
0.015 (= .,'|;|- C i o .
- o4 0.015 !
il e Y —04
0.01 =1 0.3 s -
Feiay 0.01_-1E 0.3
< F 02 B-r distributions at "
0.005 fr— _ - 0.2
o 0.1 detector plane 0.005 (%
-:" s 0.1
T 1 | 1 1 Il.l 1 1 1 I.l 1 1 1 1 0 = n
%00 700 800 900 1000 1100 1200 1300 Qe Caai i el vl el Pl e A 0
r(mm : . 00 700 800 900 1000 1100 1200 1300
(mm) Approximate radial r(mm)
V1U.2a V1DSg.3 : , V1U.2a V2DHy
— ring def’ns shown - y .
ge+ep+ine rate at detector plane 26.5 m from target [GHz/uA/sep/(5mm) ] g ge+ep-+ine rate at detector plane 26.5 m from target [GHz/uA/sep/(5mm) ©]
& %107
. 003 . x10 ~ 0.03
5 - [ . . D: B C 0.8
§ 08 Moller: Ring 5 -
2 oo . : 2 0025
- 07 Elastic ep: Ring 2 = - 07
0.02 ;'-._:.. ',._. 3 - . : [ —0.6 0.02 i ™ K 0.8
0 ::l. [ . 05 -] 03
= —0. L s = —0.
0.015 _T-"l M l_'l'I
i —0.4 0.015 1= vk o4
i“:;! =5
0.01}f-= 0.3 —'!'.E 03
- 0.01{~* -
ol J.-III
f.-:: 0.2 C
0.005 f& o . 0.2
. 0.1 0.005 [5-
r 0.1
1 1 | 1 1 1 ‘ Il 11 1 ‘ Il 1 I-I 1 11 Il | 1 I-\ | I. I. I.I 0 .1. =
%00 700 800 900 1000 1100 1200 1300 il T T 0
r(mm) oo 700 800 900 1000 1100 1200 1300 o

2020-12-15 V1UZa_V1DSg1a CCB Segmented vs. Hybrid V]_UZa_V]_DSg]_b r(mm)



A, (ppbiSemen)

A, (ppbSmm)

LA, distribution al detector plane 26.5 m from targel
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| A, distribution at detector plane 26.5 m from target
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Deconvolution

A, (ppb/Smm)

Radial distribution at detector plane 26.5 m from target
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* Design the detector tiling to use the phi defocussing
* Have different contributions from the different processes
* three W regions for the inelastics

* Fit the simulated total asymmetries in each tile, using the
simulated dilutions (fractional rates) to determine the
asymmetry of each process

* No significant difference seen
CCB Segmented vs. Hybrid 11
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Deconvolution study summary

1 Relative uncertaint

- Process V1U.2a_V1DSg3 V1U.2a_V2DHy V1U.2a_V2DSg.1a V1U.2a_V2DSg.1b
g Megller 0.0211 0.0210 0.0212 0.0211
@ e-p Elastic 0.0577 0.0560 0.0515 0.0614
'g e-p Inelastic (W1) 0.1294 0.1529 0.1249 0.1370
t= " e-p Inelastic (W2) 0.0673 0.0681 0.0638 0.0709
= e-p Inelastic (W3) 0.1706 0.1658 0.1662 0.1742
| Mgller 0.0217 0.0215
'% e-p Elastic 0.0631 0.0618 0.0560 0.0680
=i e-p Inelastic (W1) 0.1495 0.1779 0.1413 0.1576
=1 e-p Inelastic (W2) 0.0804 0.0823 0.0752 0.0876
A e-p Inelastic (W3) 0.2309 0.2279 0.2313 0.2420
Segmented Hybrid Alternate Segmented
* The relative uncertainty on the moller asymmetry is * Changes for engineering concerns do affect the focal
the same between hybrid and segmented plan distributions
e There is no significant difference between the hybrid e Adjusting the detector tiling allows us to achieve the
and segmented from a physics perspective same relative uncertainty on the moller asymmetry
* aslight preference for the segmented Recommend segmented configuration as new baseline

2020-12-15 CCB Segmented vs. Hybrid 13



5 process deconvolution (Using only primaries)

Asymmetry  uncert{ppb] relative uncer[ppb]

Name  Asymnetry  uncert[ppb] relative uncer{ppb] Nane

mol ler

apElastic

epIne
eplne
eplne

astichil
astichi
ERlE

-34.2891
-21.1913

-331.1263
-337.9042
-447,5959

0.7226
12567
69,3601
36.2037
16,3631

pElastic
epInelastichl
epInelastich?
epInelastich3

-13.824

-363.0421
-341,4439
-469,0332

13331
86.4192
36.8601
11315

0,011 mol Ler -34.6893 B.7291 -0.8210
-0.0577
-0,1294
-0.06/3
-0, 1766

-0.8360
-0.1529
-0.0681
-0.1638

V1U.2a_V1DSg.3 V1U.2a_V2DHy

Name ~ Asymmetry  uncert[pph] relative uncer[ppb] Nang  Asymetry  uncert(ppn] relatwe uncer|ppo
mol ler -34,6953 §,7339 0.0912 mol Ler -34., 2608 0.71220 -0.0211

epElastic 2700627 172303 -0.8515 epElasti[ -21.8210 14016 -0.,0614
epInelastichl -381.6825 12.5628 -0, 1249 epInelastich] -42,3427 74,3137 -0.1370
apInelastich? -336.3363 35,4430 -0,0638 epInelasti[H2 -336.8306 38,8518 -0, 8769
epInelastich3 -A77.5756 79.3916 -0.,1662 35T 10H3 -150.8812 18,5307 -0.1742
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5 process deconvolution (including secondaries)

Name

molLer
epElastic
epInelastichl
epInelastich?
epInelastich3

Asymmetry

-34,1199
-22,1236

-623.6647
-607.8443
-432, 1696

0. 7314
1.3971
03.2303
48.8750
164.3314

uncert[ppb] relative uncer[pph]

-0.6214
-0.,0631
-0, 1495
-0.0804
-0.,2309

Name
moller
apFlastic
epInelasticl
apInelastich?
epInelastichd

Asymmetry

-34,3202
-23,3685

-628.5119
-602.9632
-472, 8495

B.73%
14564
11,8160
49,6308
187, 7434

uncert[ppb] relative uncer[pph]

-0.6214
-0.0618
-0.1179
-0,0823
-0.2219

V1U.2a_V1DSg.3 V1U.2a_V2DHy

Asymmetry  uncert(ppb) relative uncer
340721 0. 7326
-23.0626 13688
513,191 00,9158
-611.7688 33, 6060
-433.219 11,1924

V1U.2a_V2DSg.1b

Name ~ Asymetry  uncert[ppb] relative uncer[pph] Nane

wller 4500 078 0.6 Toller
epElastc -13.9641 LT EPElaEtlf
eplnelastichl -§51,7933 02,1016 0. epInelastich]
epInglasticly  -615.768! 46,3193 -0, epInelastich?
eplnelastich3 431,112 111,265 -0, epInelasti[HB

2020-12-15 CCB Segmented vs. Hybrid
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Effect of returns

In this septant:

B,~B, Radially focussing

B,~B,  Azimuthally focussing

The component of the field that is most different is
the z component

7 ]A i{\ _(v/gz_vZBy)i

* Only applied for a short distance (x10 reduction)

F= qU X B =—|v, vy, V| =—(vBy— vx/%)j * Only act on v, component (x100 reduction)
B, B, B, ~ * Issmall —10-100x smaller than radial focussing
_(Uygy - vy’gx)k component
Uy, Vy K 1

 led - 1e5 reduction in strength
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/ component of the field
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