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Overview

Optics calibration is the calibration of the
transport matrix. The transport matrix translates the
focal plan information to the target information, i.e.,

(x_fp, y_fp, theta_fp, phi_fp) to
(dp, y_tg, theta_tg,phi_tg)

Where each target variable can be expressed as
the series expansion of the focal plan variables.

i.e. y,, = Y *thetal *y**phi
where Y. = C.*x
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Overview

The optic runs with known target variables are required as
follow:

Vertex Multiple-foil target. [known separations and locations]

Theta & Phi Multiple-foil target with Sieve inserted. [know holes
separation, Sieve location]

dp Various dp scan for the same central_p, i.e., +/-4% +/-2% and
0%. For carbon target and Hydrogen target
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Left Optic Run-list
Calibration Central Central Comment
Momentu | Theta
m (GeV) (degree)
Vertex 1237 C-Optics 2.25776 2.05494 16.5026 Out Known miss-pointing
information
Theta & 1238 C-Optics 2.25776 2.05494 16.5026 In Sieve Location from 2009
Phi survey
Dp 1228, LH2 2.25776 2.13707, 16.5026 Out Single Elastic strip but
1229, 2.09598, strongly dependent on
1231, 2.05496, the scattered angle
1243, 2.02001,
1241 1.97291
Dp 1884, C-Optics 1.1601 1.14002, 17.4997 In Multiple peaks from
1888, 1.118, Carbon excitation state
1892, 1.09597,
1995, 1.074,
2005 1.05498
Dp 2871, C-Optics 4.45629 3.60145 20.3008 In Exact momentum for the /'
3,5,6 production kinematics
/4
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Calibration Central Central Comment
Momentu | Theta
m (GeV) (degree)

Vertex, 2017, : : In Known miss-pointing
Theta & 2018, information

Phi 2019
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Outline

** Vertex
> Vertex calibration
» Target y resolution

» Solid Target vs. Cryo
Target offset

» Miss pointing Calculation
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Outline

** Theta & Phi

> Sieve Location
» Hole Location

son Lab

OThomas Jefferson National Accelerator Facility

Navaphon Muangma (Tai) I
“SRC Weekly Meeting”, June 12, 2011



Outline

< Dp
» Energy lost

» Exact momentum setting
for each point in delta
scan
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LEFT OPTICS
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Left Vertex

Offset for the Solid target is -
0.005 m (5 mm).

Run 1237
Angle 16.5 degree

With miss-pointing offset
imposed.

rpl_z
3000~ pl z
L RED|linet are {deal B-foil localion S SO I
2500_ Purple lines are ideal Dm]nmy ocatjon :M:‘ ‘:-:::i::::::::
2000 -
1500
1000
500 — b b
-%.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
vetex_z with offset -0.005 [m]
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rpl_z
Left Vertex
Cryo Target at the same angle 4500 q1ined are iceat -l ocati rpl_z —
LH2 3500 -
Angle 16.5 deg 3000;
2500
2000
1500 —
1000
500 y L
92015 01005 0 005 0.1 0.15 0.2
vetex_z with offset 0.000 [m]
/
/
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rpl_z_vs_exL_ph

Left Vertex

Vertex vs phi E E RED:lines are ideal I:_-f_oil i(;céi;ff::ir_l:z:i =
g 0 15: i’urpleillm-:s are |;-ie-al ey 60
=] L :
o L
w 0.1 50
& -
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o 0.05:
s 40
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N, - 30
8 -0.05_
> 0 20
-0.1-
045~ 10
-0 :I_I_\-’: :l'glif- _Err{uuﬂ |\+|\||\|\|| 0
-'&.050 04 030 02-0 01 0 0.010.020.030.040.05
phi [rad]
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vertex_rpl_z
E vertex_rpl_z
900 — Entries 86508
= Mean -0.01921: 0.0002705
800 — RMS  0.07955 + 0.0001913
E Integral B.65e+04
: 700
Sieve XY =
600 —
Vertex 500 —
400 —
Run 1238 0 -
un 200 =
C12- 13foils 100 =—
= 1 1 | 1 1 Il 1 1 1 | 1 1 1 | 1
91.2 -0.05 0 0.05 01 015 0.2
rpl.z + 0.005000
vertex_vs_ph |
a2 0.2 F - vertex_vs_ph
3 = B - Entries 86508
S 015 . i Meanx  -0.00158 + 4.794e-05 €0
2 = - Meany -0.01928 + 0.0002704
:. 01 — .0409 .eDS —50
2 oo = 007959 5
e B _ 40
0F
e 30
005— - -
= 20
01— - =
QA5 10
0 :I B |_ 1 -‘I: 1_: B TF 3 Tl T P 0
56.05 0. .03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
L.gold.ph
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Sieve XY
Each foil

Run 1238
C12- 13foils

x_tg+L'theta_tg [m]

sieve X

x_tg+L*theta_tg [m]

x=

sigve

x_tg+L*theta_tg [m]

sieve X

x_tg+L theta_tg [m]

sieve X
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[ Tg X Tg ¥ 3 |

|

-0.04
-0.06

-0.08F
bl L Lol Ll
“d0s 004003002 -0.01 0 D 02 0.03 0.04 0.05
iew: _tg+L phi_tg [m]

[ ToX_To V& ]

s

.QﬂJ.A.I_IJ.L_uJ.I_LAJJ_L
-0.05 -0.04 -0.03 -0.02 -0.07 0 0. ll 02 0.03 0.04 0.05
Sieve ¥ = y_tg+L"phi_tg [m]

[ Tg_X_Tg Y 8§ |

0.1

0.08
0.06
0.04
0.02|

| "NEEE F S T 1 1
“Uclo80.04 “0.05-0.02 0.0 0 0.01 0.02 0.05 0.04 D05
Sieve Y =y_tg+L phi_tg [m]

5:

=

w

i)

S =N wa B @ o@D

Tg X Tg V1 )

Lol Ll
0.02 0.03 0.04
prtalm

T X Tg V4 |

-0d | ST T T ,
Udl05 004 -0.03-0.020.01 0

Siave ¥ = y lgl'L ph\ I'g[m]

To_X_Ta_V_T ]

B ot o 1
-0.05 -0.04 -0.03

¥ = |r lB'L'Dh\ lE[rFl]

To_X_Ta_v_10 |

E
;:
£
4
3
2
"I
0
»
s
2
&
[
E
;:
£ 00af
3 E
& 002
' of
0 E
® 002 [
P’
g O0aF
2 E
-0.06
-0.08
[
£ oap
g 00fE
g' 0.06 -
£ O0M[E
4 E
b ooz
xl 0 E
i E
® 002 F
o E
R
i
-0.08
08
[
E 01 E
‘s 008F
g' 0.06
£ O0ME
3 E
& 00z
! 0F
0 E
® 002
o E
B 00
2 E
-0.08
-0.08 F

PP -V T |
Udlo5 .04 0.03 0.0 0,07 0

Lividlinll
0.0Z 0.03 0.04 0.05
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Tg X Tg Y
— 0.1 T . ;
Sieve XY E - S PP FECy ool [ SN CTIRE B 50
All foils -9-': 0.03
1] L
E 0.06: —40
Run 1238 E 0.04
C12- 13foils > 0.02 30
I 3
X | |
] 0. '
> ;
@ -0.02; —20
> .
- -0.045
-0.06~ 10
008 e i
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4
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Momentum scan: LH2: dp vs. cos(scattered angle)

do_vs_cos_scattered_theta_1228 de_ve_cos_scattered_theta_1229 dp_v=_cos_scattered_theta_1231 do_vs_cos_scattered_theta_1243 dp_v=_cos_scattered_theta_1241

a0 0.04

a0 0.04

0.02 ooz 0.02 ooz 0.02

-0.04 008 -0.04 o0s

-0.08

-0 -0.08

-0

054 004S 085 085S 008 0965 007 004 00845 005 0055 006 0085 007 004 0045 025 0055 006 0085 097 004 05048 005 0055 008 008S 007 004 0545 085 0055 006 0365 0.07

cositheta_scattered) <ositheta_scattered) cositheta_scattersd) ositheta_scattered) cositheta_scattered)

Cos(scattered angle) = [cos(theta0) — phi_tg*sin(theta0)]/sqrt(1+theta_tg"2+phi_tg/2) /
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Momentum scan: LH2: dp_kin vs. cos(scattered angle)
Dp kin =dp — [P(M,theta) — P(M, theta0)]/p0
0.0 008 IIII|IIII|IIII|III |IILI-1'fII 0 IIII|IIII|IIII|III |I.I'f!j-.llll 008 IIII|IIII|IIII|III III\I-ilHI
7
LH2 at the second pass data at 16.5 deg, dp_kin vs cos(scattered angle) /
i1 Jefferon Lab
I I OThomas Jefferson National Accelerator Facility
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Momentum scan: C12: dp vs. cos(scattered angle)

do_vs_cos_scattered_theta_1884 do_vs_cos_scattersd_theta_1588 do_vs_cos_scattered_theta_1892 do_vs_cos_scattered_theta_1985 do_ws_cos_scattered_theta_2005

.08 - .08 - 0.08 [ 0.08 - . - 0.08 [

14

12

,‘uIIII|IIII|IIII|IIII|IIII|IIII ,ﬂ,IIII|IIII|IIII|IIII|IIII|IIII ,ﬂ,IIII|IIII|IIII|IIII|IIII|IIII

.y IIII|IIII|IIII|IIII|IIII|IIII - IIII|IIII|IIII|IIII|IIII|IIII

084 0245 005 0055 006 0.965 0.07 024 0045 005 005S 006 0.085 007 084 0845 005 005S 0068 0.DES 007 054 0045 005 0055 0D 0085 007 0.24 0045 005 0055 006 0085 007

cositheta_scattered) cositheta_scatiered) cositheta_scatbered) cositheta_scattered) cositheta_scatbered)

94

Less dependent on the scattered angle but not completely independent. /
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Ap_Kin_ve_soe_ssanorea_iheta_ 2005

Ap_Kin_we_coE_scamorea_thota 1085

Momentum scan : C12: dp_kin vs. cos(scattered angle)

Ap_Kin_ve_som_scamores_theta 1@z
o

dp_kin

Ap_Kin_ve_coe_ssamores_theta_1ese

Ap_Kin_we_coE_scamorea thori_18Be

dp_kin

dp_kin

o

dp_kin

008

dp_kin

o1
024 0D4S 085 0055 0068 0085 0.97

cositheta_scattered)

-o.08
-0

024 0D4S 085 0055 006 0065 087

o
cositheta_scattered)

o IIII|IIII|IIII|IIII|IIII|IIII

04 0048 085 085S 006 0.085 0.97

<osithata_scattered)

084 084S 085 0055 096 0O0ES 097
cositheta_scattered)

004 0045 085 0055 096 0885 007
cositheta_scattered)

Problem: only have half of the kinematics cover.... Need to go back and modify the code for LH2
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RIGHT OPTICS
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1800
1600
1400

Right Vertex

Miss-pointing survey at 12.5
degree. Try to do the vertex
calibration at that angle.

1200
1000
800
600
400
200

Run 2017

o
[N

0.15

e
-

0.05

rpr.z - 1*(0.005000)

(=]

-0.05

&
-

S
o

&
&
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vertex_rpr_z

-y vertex_rpr_z
— Erjtries 101602
- Mgan  0.006054 + 0.0001075
— RMS 0.03425 + 7.598e-05
= Integral 1.016e+05
= Lol P Y L M 1 1 L1 1 ki 1.5 B A
2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
rpr.z - 1%(0.005000)
vertex_vs_ph |
= vertex_vs_ph
= -| Entries 101602 50
. | Meanx 0.001364 + 4.424e-05
E '_ Meany 0.006054 + 0.0001075
= | RMSy  0.03425+ 7508005 |40
= Integral 1.016e+05
= —20
- 10
:\ PRI N |- P -| | -'\”r:.|=.\-.|:.ll.\.'|- |'\ .T [ -|-'| 2 O | |- L '|.-'|':-\ T PATI IR 0
.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
R.gold.ph
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Right Vertex

Combine BeO (previous
figure), Dummy 4cm
(current), Dummy 15
cm(next)

Run 2018

Navaphon Muangma (Tai)

rpr.z - 1*(0.005000)

2000
1800
1600
1400
1200
1000
800
600
400
200

0.2
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0.1

0.05
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vertex_rpr_z

= vertex_rpr_z
= Entries 209216
= Mean 0.006885+ 8.351e-05
= RMS 0.0382 + 5.905e-05
:_ Integral 2.092e+05
E L L | R i ant i i T I L I I B %"""‘I’"“"\""w—* s el
2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
rpr.z - 1%(0.005000)
vertex_vs_ph |
= - vertex_vs_ph
= Entries 209216
— Meanx  0.00114 + 3.222¢-05 50
E Meany  0.006885+ 8.351e-05
— FRMS x0T+ 227905
= 0-038 5.9058-0 —140
— 2.092e+05
= —120
= 10
:\ R B I |-\ | |-\'|-.E‘| \I I IR T N T S NI R Sl Cot AT N A r|| L1 0
.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
R.gold.ph

|| i|- Jefggon Lab

OThomas Jefferson National Accelerator Facility



vertex_rpr_z
3000 vertex_rpr_z
= Ertries 243084
C Megan  -0.009328 + 0.0001501
2500 — RMS 0.07401+ 0.0001062
° — Integral 2.431e+05
Right Vertex -
2000 —
Dummy 15 cm -
1500 —
Run 2019 10001
500 —
- Levopmgereeee ™ [ | T 1 Lol w i
Ql 2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
rpr.z - 1%(0.005000)
vertex_vs_ph |
_ 0.2
S = . vertex_vs_ph . 100
s — Entries 243084
S 015 — <{ Mean x -0.0003768 + 3.082e-05
g - Meany -0.009328 + 0.0001501
= 0.1F —80
o 0.05—
g = — 60
0
-0.05— —140
0.1
= 20
015 |
-028.05 -0 0
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Wrong right optics?

[ test3 |
= 0.06
! —
=2 —
= -
= 0.047_
0.0z —
D_
I test3
-0.02 [ Entries 130468
Mean x 0009098 + 3.7T75e-05
Meany  0.007639 + 8.203e-05
-0.04 | pus x 0.0136 + 2.669e-05
RMS w 0.02955 + 5.801e-05
0.0 Integral 1.29Fe+05 L [ ) L
- -5_05 -0.04 -0.03 o.04 0.05
R.tr.tg__ph
test |
= 0.06
= [
=! —
; —
o 0.04 —
0.02
o
[ test
=-0.02 — Entries 130468
— Mean x -0.01593 + 3.673e-05
[ Mean y -0.003535+ 3.585e-05
-0.04 — RMS x 0.01325 + 2.59Te-05
— RMS y 0.01293 + 2.535e-05
— Integral 1.301e+05
P O o - T S S T O Y A I S I L e
- -E-DS -0.04 -0.03 -0.02 -0.01 o 0.01 0.02 0.03 0.04 0.05
R.tr.r_ph

The two large hole appear in the unexpected location.
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Right Optics?

*** Two possible options
» Wrong Optics
» Wrong Sieve inserted.
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OThomas Jefferson National Accelerator Facility

Navaphon Muangma (Tai) I
“SRC Weekly Meeting”, June 12, 2011



Right Optics?

Check with the focal plane
variable.

Wrong data base?
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10000

8000

6000

4000

2000

-0.02

-0.04

-0.06

rpr.z

_I Lo Il Ll Ll | Ll Ll Ll 11 Ll 11 | L1 -
.2 015 01 005 0 0.05 01 015 02
rpr.z

theta_phi_foil2
n 140
L 120
- 100
E 60
P |.= lll % Ill'l.|-|.|'5'|'| I 0
-0.06 -0.04 -0.02 0 .02 0.04 0.06

R.gold.ph

theta_phi |

-0.02

-0.04

-0.06

0.02 0.04 0.06
R.gold.ph

| focalplane_theta_phi_foil1 |

£.04
[

T TTIT

]
.03
(14
0.02
0.01

OF-

001}
-0.02

-0.03

TTT[Ta T [T]

-0‘%1|||J|||||.|'|.i1|'|-'|=||.-|||'|'||||||||J||-|-|||-||||||.||||-|

R.tr.r_ph
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target_thetaphi | rotate_thetaphi

= -1_ = 0.05¢
= c * E 14
2 o.08F £ 0.04f
o C i E
Left theta & phi T o "
0.041- 0.02 10
0.02F 0.01F
Actually the target theta & : : g
. o oF
phi are -45 degree of the - :
. -0.02F 0.01 6
focal plane variable : :
-0.04— -0.02:— 4
-0.061 -0.03F
.08 _ -0.04 2
-0‘I:\III||||||||||||||||||||||III1'IIIII|I||||||'II|III.I 0 -0 :IIIIiII|||||II|II||||||||||||r||||||||||||\|||||| 0
~0.050.040.030.020.01 0 0.010.020.030.040.05 05.050.040.030.020.01 0 0.010.020.030.040.05
L.gold.ph L.tr.r_ph
rotate_vs_target_ph | rotate_vs_target_th |
= 0.05¢ e 01—
o F ; r - - [
T 0.04 2 008 _ I9°
S : S g S
4 0.03- - 0.06F B R =180
0.02F 0.04F —70
0.015 0.02)- NG 60
oF ob TN -| =50
0.01F -0.02f Y L
-0.02F -0.04F : - 30
.0.030 -0.061 T 20
-0.04F _ -0.08F G
-0 :\Illll||||||II|II|||||||||||||||II|||I.I|IIII|IIII 0 -0‘I:IIII||||||||||||||||||II|I||||||II|IIII|II-\'||:IIII 0
“0%.050.040.030.020.01 0 0.010.020.030.040.05 ~0.050.040.030.020.01 0 0.010.020.030.040.05
L.tr.r_ph L.tr.r_th
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target_thetaphi rotate_thetaphi |

A 0.05¢
C | E
0.081 0.04F
! E E
. . 0.061 0.03}
Right Theta & Phi o0 o0zt
So... we do have the same 002 001
. o o
relation of target to focal - -
. -0.02 -0.01
plane theta & phi. : -
0.04 -0.02:—
-0.06F -0.03F
-0.08] _ _ -0.04 i
. . . -01:1lIIlIIII‘.III.IllllI|II.II|II..II.|'IIII|IIII|IIII|IIII 0 -0 :IIII|IIII|Ii||||'|I|I-I|II|I|IIII|I\IIlIIIIlIIIIlIIII 0
| believe this is good enough -0.050.04-0.03-0.02-0.01 0 0.010.020.030.040.05 00.050.040.030.02-0.01 0 0.010.020.030.040.05
. R.gold.ph R.tr.r_ph
to clear the discrepancy.
rotate_vs_target_ph | rotate_vs_target_th
S . t the si 0.05——————— : A 1400
omeonem-l-gh-t u e sieve ’ Eoo : : o
. P 0.041 140 0.08F
. ' -
In wrong. ' 0.080 120 0.065 1200
0.02F 0.04 1000
c 100 .
0.01F 0.02- 800
oF 80 oF
-0.01= 60 -0.02 600
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Right
Sieve XY

Not quite as good as
expected

Run 2017 BeO

Sieve X[m]
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Right

Sieve XY T

Run 2020 3

i @

C12-optics S
2
w

The phi calibration is not

good enough... need to go for

a new angle.
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Right Timing

Using the S1 and S2 different.

Using electron run
1380 & 1400

Navaphon Muangma (Tai)
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TOF_diff_vs_x

| TOF_diff_vs_x
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Beta distribution
Electron beta Production beta
| beta_R_electron | hist_R_beta_cut_trigger_LTOF_kin2
r 350
22000 ;— E Entries 14649
200005 300 S
1 80 o{] ;_ : Integral 1.202e+04
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BIGBITE
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dE vs E

hist_ BB_dE_vs_E_cut_electron_TOF_kin2

. N Y ' ! A A \ 1| hist_BB_dE_vs_E_cut_electron_TOF_kin2 4
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hist_BB_dE_vs_E_cut_electron_TOFwithBBTOF_kin2
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' hist_Left sub_BB_TOF_cut_electron_LTOF_kin2

Coincidence time

electron & Bigbite _ center at 683.29 —————
. . - with 10.02 sigma Entries 418926
Can be improved with path- 6000+ Mean 684.8 +0.05226
length after optics calibration B RMS  30.12+ 0.03695
for bigbite. B Integral  3.321e+05
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More figures .... Let take a loook
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