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Kinematics of SI pion (E12-13-007)

# 10 v | 9 |Dmgm|Bdl, Tm| D, -Calo, | angle range,
m degree
A X | 10.57 | 10.27 .57 0.3 3-1.57
B X | 1620 | 11.70 .57 0.3
C 12.44 | 15.38 .57 0.3
D 793 | 24.15 .57 0.3 |.43 4.7-11.1
E 16.57 | 15.65 .57 0.3 |.43
F 17.23 | 17.84 .57 0.3 |.43

X — SAM configuration is finalized. We checked 4(5) out of a total of 22 configurations.
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Kinematics of DVCS (E12-13-10)

# 16 v | 8¢ | Dawm |Bdl, Tm | D, -Calo, | angle range,
m degree
3(=B)| 162 | I1.7 3 0.3 |.43
5(~C) | 124 | 15.3 3 0.3 .43
7 | 217 | 117 3 0.3 1.43
8 X 16.6 | 15.6 3 0.3 |.43 LUt
|3 6.3 | 279 6 0.3 4.43 : 3.1.-96
16 X | 6.3 17.3 6 0.3 4.43 .

range of angles: 68 cm / 300 => 12.8 degrees
range of angles: 68 cm / 600 => 6.5 degrees
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Kinematics of WACS (E12-14-003) /Pion

710 y 0, Dmag ,m [ Bdl, Tm| D, Dmagr-Can, Bdl, Tm /
m m Dmag-Calo, m

4A | 14.2 | 40.1 | 2.45+0.2 0.3 9.0 6.15 0.3/ (9-1.57)
4B | 179 |33.7| 1.65+0.2 0.4 7.0

4C | 225 1278 | 1.65+0.2 0.5 5.0

4D | 269 | 23.7| 1.10+0.2 0.6 3.5

4E | 340 | 189 1.10+0.2 0.6 3.0 1.7 0.6 Tm/ 1.68
5A | 11.0 [41.7]| 2.45+0.2 0.25 1.0 9.3-12.7 deg
5B 13.8 | 35.3 | 2.45+0.2 0.35 9.0

5C | 169 |30.0| [.65+0.2 0.4 7.5

5D | 19.7 | 26.3 | 1.65+0.2 0.5 6.0

5e | 299 (178 1.10+0.2 0.6 3.25 .95 0.70Tm / 1.68
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Horizontal field dipole

157 cm
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Parameters

1. Field integral from the target to NPS ~ 0.58 Tm, for the main coil: 1050A, 140 kW
corrector coils ~ 500 A, 20 kW

1. Field integral along the beam line from the target to magnet middle
Goal is a low transverse BdL, below 1 milli Tm -> OK (see Rolf’s)
after tuning of the corrector, there is some field at the target and before it.

3. Field integral along the HMS central trajectory from the target to Q1

Goal 1s to have BdL below 1 milli Tm - > could be hard to do even with
the cone on the snout (t=5 mm). May need Q1 in the model.
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What are the requirements?

1. A low energy tail for the thin target case, P, ., =P b x 2t/3 (E_,/E,)?

cut

It would be enough to have E_ =300 MeV => 0.05% *t of the beam power
The elastic scattering (11 GeV on 15 cm LH2), . =0.75°->P=0.8 x 10~

BdL=3cm /30 m * [3 x 108/300] = 10? Gauss cm = 1 milli Tm (Rolf’s)
2. HMS optics aberration for 3 GeV/c and BdL =1 x 103 Gauss cm (Rolf’s)

00 ~300 x BAL /3 x 10°=0.1 mrad
vertex shift ~ < 0.5 mm?
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Kinematics “A” for pion

FLLE = wyes
_ Track has current = 1 0

H -
0 y O. | Dpapm [ Bdl, Tm | D, -Calo, | angle range,
m degree
A X | 1057 | 10.27 .57 0.3 3-1.57
Opening file for reading: test_tracks
Track has current = 1.0
Opera-Sd:bl
Maodel I Graphs I
30/0ul/2016 174155 i k
II |
' !
|lIIIlI e |
I e |
|"I :
e o l.' =m g e, i 1, X :
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Kinematics “A” for pion

Opera-3d = I

Model I Graphs I
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Kinematics “A” for pion

i sAM-kin-A_nocone.op3 - Post-Processor =] E3
File Edit View Options Fields Integrals Trajectories Tables Conductors Command Files ‘Windows Help

IErErE M
B #x -x v v 42 -2 [@|D| 2| ® =014 T % IEEEICRIES

Cansole g X
Opera-3d = SET XLOCAL=0 TLOCAL=0 ELOCAL=-IL57T PLOCAL=0 TLOCAL=-1&_¢& SLOCAL=0

Opera-3d > LINE EBUFFER='Line' X1=0 XZ=X1 ¥1=0 YZ=Y1 Z1=0 Z&=1EL NP=10000 | DATALINE OPTION=CREATE BUFFER='&VF_PLOTEUF&' MIMNX=* MAM{=*
HAME='NewLine 1' XCOMPONENT=distance YCOMPONENT=Ex*cos{(lE6.6/57.3)+Bz*sin{l6.6/57.3) INTERPOLATION=LINEAR GRAPH='Default'

Integral: -3437.7%

Maximum: S5E23.337 (¥ at maximum: 71.1E9E5)

Minimum: -375.224 (¥ at minimum: 20.7835)

Opera-3d = LINE EBUFFER='Line' X1=0 XEZ=X1 ¥1=0 YZ=Y1 EZ1=0 ZZ=130 NP=10000 | DATALINE OPTION=CREATE BUFFER='&VF_PLOTEUF&' MINX=* MAM{=*
HAME='NewLine 2' XCOMPONENT=distance YCOMPONENT=Ex*cos(lE6.6/57.3)+Bz*sin{l6.6/57.3) INTERPOLATION=LINEAR GRAPH='Default'

Integral: -132_.115

Maximum: S5Z3.312 (¥ at maximum: 71.123)

Minimum: -375.226 (¥ at minimum: 20.732)

lecanssS\NIFTRR "

Hé»u»

-

ol

COpera-3d = I
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Model Graphs |
Graph Objects
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: “Line
El Graph Objects
i ElLines
i ¢ NewLine
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=l Default
i MewLine
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Yalue

=l Background

# Colour

i Border Colour
* Image File

= Title
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» Font
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Title
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Kinematics “A” for pion

Opera-3d > SET HLOCAL=0 YLOCAL=0 ELOCAL=-157 PLOCAL=0 TLOCAL=-5.5 SLOCAL=0

Opera-3d = LINE EUFFER='Line'

Xl=0 Xz=x1 T1=0 TE=Y1 Z1=0 =2£=330 NP=10000 | DATALINE OPTION=CREATE

EUFFER='&VF_ PLOTEUF:' MINK=* MikkK=* NAME='Newline 2' XCOMPONENT=distance
TCOMPONENT=Bx*cos (5. 57587 3)+B=*=sin(5.5/57_.3) INTERPOLATION=LINEAR GPRAPH='Default'

Integral:

£1456.1

Maximum: 358.148 (X at maximum: ZZ3_482)

Mirndimuam:

=141._707 (¥ at minimum: 22_467)

Opera-3d = |

Model Graphs |
Graph Objects Title
i NewL?nej 3 : : ' . . . . [[=3
 NewLine_5 di N Compensation
NewL!ne_E; =
- Newline_7 after SAM needs
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Kinematics “16” for DVCS

# 0 0, | D

v . alom | Bdl, Tm | D -Calo, | angle range,

m degree

16 X | 6.3 17.3 6 0.3 443

Opera-3d > THREED OPTION=GETVIEW | THREED OPTION=SETVIEW ROTX=20 BOTY=0.0001 ROTZ=0.0001

Opera-3d > LINE BUFFER='Line' X1=0 XE=X1 Y1=0 YZ=Y1 E1=0 ZE=170 NP=10000 | DATALINE OPTION=CREATE
EUFFER='&VF_PLOTEUF&' HMINK=* MAXK=* NAME='Newline Z' XCOMPONENT=distance
TCOMPONENT=Ex*cos({19.3/57_3)+B=*sin(l19_ 3/57.3) INTERPOLATION=LINEAER GERAPH='Default'

Integral: -4374_6Z2

Maximum: 32E3.Z46 (¥ at maximum: 71.315)

Minimuam: -254_ 085 (¥ at minimuam: 2Z.004)

Opera-3d = |

Model | Graphs I
30AA2016 18:10:36

—M I Ef MMM ITOABEF—~OWNAF TN | o onl
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Kinematics “16” for DVCS

THTERPOLATTON=LINEAER FEAPH="Default’

Integral: -Z09_0&5

Maximum: 369974 (¥ at maximam: 76.E11)

Minimum: -341_.417 (¥ at minimuam: 85.034)

Opera-3d = SET XLOCAL=0 YLOCAL=0 EZLOCAL=-157 PLOCAL=0 TLOCAL=-19.3 SLOCAL=0
Opera-3d > LINE BUFFER='Line' Xl=0 XZ=X1 T1=0 Y£=Y1l Z1=0 Zz=170 NPF=10000 | DATALINE OPTION=CREATE
EUFFER='&VF_TPLOTEUFs' MINK=* MiX=* NAME='Newline 1' XCOMPONENT=distance
TCOMPONENT=Ex*cos(13_ 3757 _3)+B=*sin(13_ 3/57_3) INTERPOLATION=LINEAR GRAPH='Default'
Integral: -4374_ 62

Marximum: 323.E46 (¥ at maximuam: 71.315)

Minimuam: -254_ 085 (¥ at minimum: 92._004)

Opera-3d = I

Model  Graphs |
Graph Objects

=l Data
= BuFFers
i Line
=l Graph Objects
i ElLines
i Mewline
i S Mewline_1
=l Graphs
[=I Default
- Newline
“ Mewline_1

BdL:

e -4375 Gauss-cm
e -209 Gauss-cm

Option Yalue

=l Background

- Calour White
- Border Colour White
- Imanqe File

[=I Title :
- Display Yes 1.
- Text Title : -
- Font Tahoma, 12pt .4 b
- Colour B Elack : : : : : .
- Alignment Mode  Align Centre I - - - - I . . . T I T
D Legend

i - Display Yes i ] a0 100 150
J | 4 | distance
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Kinematics “B” for pion

ﬁSAM—kin—B.opc* - Dpera-3d Modeller
File Edit View Create Picking Operations Properties Model Command Files ‘Windows Help

lzd2&lo|lvwd¢®C /|2 | BlecddssO\NITR
|BEFRB K< v/« ARADY 2 & |28 2 Y o |8 [|Ex X vz-2:

2016 0
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Kinematics “B” for pion

NAME='NewlLine' XCOMPONENT=distance YCOMPOMNENT=Bx*cos(ll.39/57.3)+B=*sin(ll.9,/57.3) INTERPOLATION=LINEAR GRAPH='Default' 3
Integral: &31.4E53

Maximuam: 131.0Z6 (¥ at maximuam: 44 733)

Minimuam: -1280.115 (¥ at minimum: 71.3465)

Opera-3d > SET XLOCAL=0 YLOCAL=0 ELOCAL=-157 PLOCAL=0 TLOCAL=-Z3.& SLOCAL=0

Opera-3d » LINE EUFFER='Line' X1=0 XZ=K1 T1=0 Yz=Y1 Z1=0 EZZ=155 NP=10000 | DATALINE OPTION=CREATE EUFFER='&VF_PLOTEUFs'
NAME='NewLine 1' XCOMPONENT=distance YCOMPONENT=Ex*cos(EZ3.6/57.3)+Bz*=sin(23.6/57.3) INTERPOLATION=LINEAR GRAPH='Default'

MINX=+* MAX{=*

Integral: 155165
Maximuam: 71.64Z5
Miriimnam:

-1z4_908

(¥ at maximum: Z4.3815)

(¥ at minimuam: 71.36Z)

Cpera-3d = I

| 4

Maodel Graphs |
araph Objects

=lData

: ElBuffers

i Lline

=l Graph Objects

{ [ElLines

¢ MNewline

i MewLine_1

=lGraphs

=] Default

& MewLine
“MewLine_1

Option

Yalue

=l Background

- Colour

- Border Colour
- Image File

=I Title

- Display

-~ Texk
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- Colour

- Alignment Mode
=lLegend

i - Disolaw

White
White

Yes

Title
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Black.
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Title
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Kinematics “8” tor DVCS

Upera-35d > LINE BUFFEE='Line' XI=U XL=K1 YI1=U Y=yl Z1=U Z£=155 NP=1UUUL |
HCOMPONENT=distance YCOMPONENT=Bx*cos(lZ.3/587.3)4+Bz*sin(lZ.3/57.3) INTERPOLATION=LINEAR GRAPH='Default'
Integral: &661.974
Maximuam: 131.952

Minimum: -2&65.397Z
Opera-3d > THREED OPTION=GETVIEW |
Opera-3d = LINE BUFFER='Line' X1=0 Xz=X1 Yl=0 YEZ=Y1 Z1=0 ZE=155 NP=10000
HCOMPONENT=distance YCOMPONENT=Bx*cos(lZ.3/587.3)+4Bz*sin(lZ.3/57.3) INTERPOLATION=LINEAER GRATPH='Default'
Integral: &61.974
Maximuam: 131.395E

Minimum: -265.37Z

(¥ at maximuam: 39_8215)
(¥ at minimum: 71.486)
THREED OPTION=SETVIEW ROTX=20 ROTY=0.0001 ROTZ=0.0001

(¥ at maximuam: 39_8215)
(¥ at minimum: 71.486)

DATALINE UFTLIUNSUREATE BUFFEER='&WEF PLUTEUF&®

HNINA=T MNAKK=™ NANE='NewlLine 4°

I

| DATALINE OPTION=CREATE EUFFER='4VF_PLOTEUF&' MINX=* MAXK=* NAME='Newline 4'

<l

Opera-3d = |

Model | Graphs I

AN A/2016 14:48:53

UNITS
Length o

'_l - Maan Flux Density gauss
Magnetic Field oersted
Magn Scalar Pot oersted cm

H Current Density — Afcm

Force M
MODEL DATA
SAM-kin-5.0p3

1 1
=T =10 TAT

O

16

elrd

simulation software

Magnetostatic (TOSCA )
Monlinear materials

Simulation Mo 1 of 1

3361140 elements

742008 nodes

14 conductars

Modally interpolated fields
Activated in global coordinates
Reflection in 2 plane (Y field=0)

Field Point Local Coordinates
Origin: 0.0, 0.0, -157.0
Angles: ¢= 0.0, 8= -12.3, y= 0.0

FIELD E¥YALUATIONS
Line LIME {nodal) 10001 Cartesian
x=0.0 y=0.0 z=0,0to 155.0
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Kinematics “8” tor DVCS

& SAM-kin-8.0p3 - Post-Processor

File Edit Yiew Options Fields Integrals Trajectories Tables Conductors Command Files Windows Help

lsges8 ~|ECTREIR ||
[|EB #x -x #v v +2 2 [@|©@| 2 |5 |D 5| C |2

Console

TOpera-=d * LINE FEUFFED= Line' RI1=0 XZ=X FFE

HCOMPONENT=distance YCOMPONENT=Ex*cos(E7.9/57.3)+Bs*sin(Z7._9/57.3) INTERPOLATION=LINEAR GRAPH='Default'

Integral: -&663.7E59

Maximum: &65.5011 (X at maximum: 1&.089)

Mindmum: -121.777 (¥ at minimum: 70.5Z5)

Opera-3d = SET XLOCAL=0 YLOCAL=0 ELOCAL=-157 PLOCAL=0 TLOCAL=-1Z.3 SLOCAL=0

Opera-3d = LINE BUFFER='Line' X1=0 X2=Kl ¥1=0 TZ=Y1 Z1=0 ZZ=155 NP=10000 | DATALINE OPTION=CREATE BUFFER='&VF_PLOTBUF&' MINK=* MAld{=*

HCOMPONENT=distance YCOMPONENT=Ex*cos(lZ.3/57.3)+Bz*sin(lZ_ 3/757.3) INTERPOLATION=LINEAR GRAPH='Default'
Integral: 661.374

Maximum: 131.595Z (K at maximum: 33.8815)
Minimum: -2Z65.372 (X at minimum: 71.486)

=] B

I8 :

[lecaso\NJPRR=0B I

B »

| @ \JJf:J

HNAME='NewLine 3'

a
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= Title
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Kinematics “8” tor DVCS

8.0p3 - Post-Processor

File Edit Yew Options Fields Integrals Trajectories Tables Conductors Command Files Windows Help

leeeeld »|CEBTREIR [[-lro//k00CC|O
|+ x # ¥ 4z -z [@[D|2l=lD=0[@ T & I2=le I

Zonsole g X

[lecasoNJFRIK=2B IEEIN-E

K )y ETUIEN O v P ] BT W BT POTX= o 0] 1 RO oool -
Opera-3d > TRACK OPTION=PARTICLE MASS=1, CHARGES=-1 BEAMCURRENT=1 VOLTS=1.0E+07 X0=0 YO=0 Z0=0 THETA=0,PHI=0,P3I=0 STEP=1 NSTEP=300 TOLEPANCE=0.0l1 FILE='test' _J
STATUS=0LD PRINT=YES DISPLAY=YES

Opening file for reading: test.tracks

Track has current = 1.0

Opera-3d = TRACK OPTION=PARTICLE MaS3=1, CHARGES=-1 BEAMCURERENT=1 WOLTS=1.0E+0% X0=0 ¥0=0 Z0=0 THETA=0,PHI=0,PSI=0 STEP=1 NSTEP=3200 TOLERANCE=0.01 FILE='test'
STATU2=0LD PRINT=YES DISPLAY=YES

Opening file for reading: test_tracks

Track has current = 1.0

Opera-3d = THREED OPTION=GETVIEW | THREED OPTION=SETVIEW ROTX=30 ROTY=0.0001 ROTE=0.0001

Opera-3d = THREED OPTION=GETVIEW | THREED OPTION=SETVIEW ROTX=0.0001 ROTY=30 ROTEZ=0.0001

Opera-3d = | ;l

Maodel I Graphs |
3142016 14:47.03

UNITS

10 MeV/c Lengt e

Magn Flux Density gauss

1 00 M V/ Magnetic Field oersted
e C Magn Scalar Pot  oersted cm

Current Density — Afcm

1000 MeV/c Power W

Force M

MODEL DATA
SAM-kin-8.0p3
Magnetostatic (TOSCA )
———— Monlinear materials
Y 1202 Simulation Mo 1 of 1
3361140 elements
742003 nodes
14 conductars
Modally interpolated Fields
Activated in global coordinates
Reflection in 2% plane (Y field=0)

Field Point Local Coordinates
Origin: 0.0, 0.0, -157.0
Angles: ¢= 0.0, 8=-27.9, y=0.0

FIELD EYALUATIONS
Line LIME {nodal) 10001 Cartesian

0 p e ra x=0.0 y=0.0 z=0.0to 155.0
s

imulation software
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Kinematics “8” tor DVCS

BdL variation for 0.5 degree

HCOMPOMNENT=distance YCOMPONENT=Ex*cos(lZ.3/57.3)+Bs*sin(lZ.3/57.3) INTERPOLATION=LINEAR GRAPH='Default'

Integral: 661.974

Maximuam: 131.952 (¥ at maximuam: 39.3815)

Minimum: -Z65.972Z (X at minimum: 71.486)

Opera-3d » SET XLOCAL=0 YLOCAL=0 ELOCAL=-157 PLOCAL=0 TLOCAL=-1Z.%8 SLOCAL=0

Opera-3d = LINE EUFFER='Line' Kl=0 XZ=K1 ¥1=0 Y&=Y1 Z1=0 ZZ=155 NP=10000 | DATALINE OPTION=CREATE BUFFER='&WF_PLOTEUF&' MINK=* MAXK=* NAME='NewlLine 5'
XCOMPONENT=distance YCOMPONENT=Ex*cos(lZ.8/57.3)+Bz*sin(lZ.8/57.3) INTERPOLATION=LINEAR GRAPH='Default'

Integral: -240.411

Maximum: 127.971 (¥ at maximum: 39_.308)

Minimum: -293.343 (K at minimum: 7Z.23)

Opera-3d > |

Model  Graphs |
Graph Objects

=l Graph Chjects :I
E Lines

- MewLine

- MewLine_1

Nenpe 2 3 B Bcam: +662 Gauss-cm | CEEtES

- Newline 4 e )
_ ine_ : : : . = MewLine
_ MNewline s z ‘ e Beam+0.5°: - 240 Gauss-cm

= Graphs : : ;

[l Default

- Mewline
- MewLine_1
~MNewlLine_2
- Mewline_3 o
- MewLine_4 LI

Rleeidl fm e ™

= Mewline

= Mewline

= MewLine

Option Yalue I;
(=] Background

- Colour White

- Border Colour White

- Image File

=] Title =
- Display ‘fes
- Texk Title 1

Font Tahoma, 12pt 4+ , , : , , , o e r a
- Colour H Black 4. ; : ;
5

- alignment Mode  Align Centre : : : : : iy .Jlal\ \u:uf[-valt_
= Legend T T T T T T T T T T I T T

- Display Yes
- Position Right J 0 a0 it 100 150
hd istance
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Magnet design/procurement
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HMS-beam line

Pion — “A”, HMS at 10.27
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HMS-beam line

Pion — “A”, HMS at 10.27
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HMS-beam line

Pion — “B”, HMS at 11.70
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Magnet design plans

1. Large coil: a detailed drawing is competed (P. Medeiros)
2. The main yoke: magnetic design is finalized. Detailed design could start.

3. Option with an additional air-core corrector on the beam line could help
reduction of the field on the target. Partial length cone in HMS?

4. A pipe problem at 10.27 angle of HMS — a low cost pipe is a bit too wide.
5. From Rolf: adjust cone length, keep field on the target as low as possible.

6. A post magnet beam line: a corrector + pipe requires some magnetic design.
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