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* Op = Operational Tune
I Settings * Op Pol = Operational Polarity New tune (CJJ)
* Halfway = (Op + Op Pol)/2
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I Settings

Current Settings | Operational Polarity | Operational | Halfway | 1/4 3/4
MC6QI1I 44.47 19.38 31.9 - -
MC6Q2I -793.3 -649.5 -721.4 - -
MC6Q3I 76.4 37:23 56.8 - -
MC6QAI -70.5 -49.93 -60.2 -55.1 | -65.4
MC6Q5I 730.7 577.2 654 615.6 | 692.3
MC6Q6I -42.7 -30.19 -36.5 -33.3 | -39.6




START

* All profiles in this presentation are at the NOvA
target

e This talk includes some part of the data

* Before trying different settings we got a few
spills

MC6Q1l 19.38

MC6Q2I -649.5 Operational
MC6Q3I 37.23

MC6Q4 -49.93

MC6Q5I 577.2 Operational
MC6Qs! -30.19

MC6CV 10.2

Target, Last Spill, Last Updated: 2021-06-20 15:30:12

5586 Triggers
160 - 120 -
140 A
100 +
120 4
100 - 80 1
80 N 60 -
60
40 -
40 -
20 A
20 A
0 - 0 -
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7944 hits east top Vertizontal Profile, 8170 hits bot
Fig 1. Spill 9016

Target, Last Spill, Last Updated: 2021-06-20 15:44:14
5573 Triggers

160 - 120 A

140 A
100 A

120 A

80 A
100 A
80 1 60

60

4() -
40 -
20
20 A
0 - 0-
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7924 hits east top Vertizontal Profile, 8135 hits bot

Fig 2. Spill 9030



MC6Ql 19.38

MC6Q2I -649.5 Operational

MC6Q3I 37.23

MC6Q4 -70.5

MC6Q5! 730.7 Operational =fp Operational
MC6QS6! -42.7 Polarity
MC6CV 10.2

DS quad settings changed from Operational Tune to
Operational polarity Tune

More pronounced double peak in horizontal

Vertical peak shifted to the left (up)
e 20 mm above the center

Target, Last Spill, Last Updated: 2021-06-20 15:44:14

5573 Triggers

160 - 120 A
140 A

100 A
120 A

80 A
100 A

80 A 60
60

40 -
40 |

20 A
20 A

0- 0-

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7924 hits east top Vertizontal Profile, 8135 hits bot
Fig 3 Spill 9030
Target, Last Spill, Last Updated: 2021-06-20 15:45:14
5724 Triggers
160 120 A

140 +

100 1
120 A
80
100 A
80 - 60 -
60 -
40
40 -
20 4
20 A
0 - 0-
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7929 hits east top Vertizontal Profile, 8251 hits bot

Fig 4 Spill 9031



Collimator Scan

MC6CV
6.0
10.2
20.2

Spill

9044
9032
9038

Fig 5. Spill 9044

Fig 6. Spill 9032

Fig 7. Spill 9038

Target, Last Spill, Last Updated: 2021-06-20 15:58:15
4676 Triggers

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 6450 hits east top Vertizontal Profile, 6815 hits bot

Target, Last Spill, Last Updated: 2021-06-20 15:47:13
5999 Triggers

120 A

0 20 40 60 80 100 120
west Horizontal Profile, 8378 hits east top Vertizontal Profile, 8844 hits bot

0 20 40 60 80 100 120

Target, Last Spill, Last Updated: 2021-06-20 15:52:16

6480 Triggers
160
el 140
120
150 4 100 4

80

100 -

50 4

0 20 40 60 80 100 120 0 40 60 80 100 120
west Horizontal Profile, 9817 hits east top Vertizontal Profile, 10431 hits bot



MCeQll 19.38

Target, Last Spill, Last Updated: 2021-06-20 16:11:18

MCe6Q2I -649.5 Operational | 6314 Triggers
MC6Q3I 37.23 :
MC6Q4I -60.2 = 100 -
) MC6Q5! 654 Operational = Halfway
. 100
MC6Q6I -36.5 Polarity -
75
MC6CV 20.3 40 -
50
25 20
DS Quads Changed from Op Pol to Halfway ° o 20 4 60 8 100 120 5 20 & su 90 Do 82
west Horizontal Profile, 8738 hits east top Vertizontal Profile, 9300 hits bot
) ) ) . Fig 8. Spill 9057
* Vert|Ca| peak Shlfted to the rlght (down) Wlth a Target, Last Spill, Last Updated: 2021-06-20 16:12:17
6323 Triggers
better shape
* 8mm above the center 200 { 160 1
175 4 140
150 4 120 A
For Spill 9057 and 9058 125 100
MC6V1is 10 100 80 -
MC6V?2 is 54.95 75 4 60 -
50 - 40 -
25 A 20
8 0 20 40 60 80 100 120 % 0 20 40 60 80 100 120

west Horizontal Profile, 9468 hits east top Vertizontal Profile, 9712 hits bot

Fig 9. Spill 9058



I Collimator Scan

When we closed the collimator, the background fuzz

went down

MC6CV
20.3
10.5

Spill
9072
9074

Target, Last Spill, Last Updated: 2021-06-20 16:27:19

6176 Triggers
140 -

200
120 -
- 100 -
80 -
100 - g
40 -

50 4
20 A
0- 0-

0 20 40 60 80 100 120 0 20 40 60 80 100 120

west Horizontal Profile, 8821 hits east top Vertizontal Profile, 9169 hits bot

Fig 10. Spill 9072

Target, Last Spill, Last Updated: 2021-06-20 16:28:20
5449 Triggers

160 -

200 A

140 A
175 A

120 A
150 A

100 1
125 A

100 - 801

75 4 60 -

50 - 40 1

254 20 A

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7452 hits east top Vertizontal Profile, 7720 hits bot

Fig 11. Spill 9074



MC6Q1I
MC6Q2l
MC6Q3I
MC6Q4l
3 MC6Q5!
MC6Q6I
MC6CV

31.9
-721.4
56.8
-60.2
654
-36.5
10.5

Operational =

Halfway

e US quad settings changed from operational to

halfway

* Vert peak shifted to the left (up)

e 16 mm above the center

For Spill 9078 and 9079

MC6V1is 10
MC6V2 is 15

Halfway

175 A

150 A

125 A

100 A

75 4

50

25 A

160 A

140 A

120 A

100 A

80 1

60 1

40

20 A

Target, Last Spill, Last Updated: 2021-06-20 16:32:20
5514 Triggers

160 -

140 A

120 4

100 A

80 A

60 -

40 4

20 4

0 A
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7943 hits east top Vertizontal Profile, 8182 hits bot

Fig 12. Spill 9078

Target, Last Spill, Last Updated: 2021-06-20 16:33:21
5540 Triggers

160 -

140 A

120 A

100 A

80 A

60

40 -

20 A

0 A
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7752 hits east top Vertizontal Profile, 8157 hits bot

Fig 13. Spill 9079



MCeQll 31.9

MC6Q2! -721.4 Halfway
MC6Q3| 56.8
MC6Q4I -49.93
A MC6QSI 577.2 Halfway = Operational
MC6QS6! -30.19
MC6CV 19.9

e DS quad settings changed from halfway to
Operational tune

* No double peak in horizontal

* Vertical peak shifted to the right (down)
* Centered
*  Wider peak

For Spill 9082 and 9083
MC6V1is 10
MC6V2 is 15

Target, Last Spill, Last Updated: 2021-06-20 16:36:21

5836 Triggers

175 4 140 A
150 - 120 4
125 4 100 A
100 + 80
75 A 60 -
50 40 A
25 A 20 A
0- 0 -

0 20 40 60 80 100 120 0 20 40 60 80 100 120

west Horizontal Profile, 8347 hits east top Vertizontal Profile, 8733 hits bot

Fig 14. Spill 9082

Target, Last Spill, Last Updated: 2021-06-20 16:37:21

5716 Triggers
120 -
160 -
140 - 100 4
120 -
80
100 -
80 60
60 - 40 -
40 -
20 A
20 A
0- 0-
0 20 40 60 80 100 120 0 20 40 60 80 100 120

west Horizontal Profile, 8339 hits east top Vertizontal Profile, 8869 hits bot

Fig 15. Spill 9083



MC6Q1| 44.47 Target, Last Spill, Last Updated: 2021-06-20 16:47:22

5363 Triggers
MC6Q2! -793.3 Halfway = Operational Polarity |
McCeQ3l 76.4 120 1
MC6Q4I -49.93 1004
5 MC6Q5I 577.2 Operational B
MC6Q6I -30.19 00
MC6CV 10.1 e
20 -
e US quad settings changed from Halfway to o -
0 20 40 60 80 100 120 0 20 40 60 80 100 120
O pe ratio n a I Po I a rity west Horizontal Profile, 7860 hits east top Vertizontal Profile, 8196 hits bot

Fig 16. Spill 9093
e Better peak in horizontal
p Target, Last Spill, Last Updated: 2021-06-20 16:49:21

* Vertical peak shifted to the left (up) 5588 Triggers

175 - 140 1
*  6mm above the center

150 A 120 4

125 4

For Spill 9093 and 9094 100

100 4

80 A

MC6V1is 10 75

60

MC6V2 is 15 50 1

40 4

25 A 20 A

o -
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 8024 hits east top Vertizontal Profile, 8334 hits bot

Fig 17. Spill 9094



I Collimator Scan

MC6CV
10.1
20.0

Spill
9096
9099

Target, Last Spill, Last Updated: 2021-06-20 16:50:23
5585 Triggers

175 A

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7683 hits east top Vertizontal Profile, 7960 hits bot

Fig 18. Spill 9096

Target, Last Spill, Last Updated: 2021-06-20 16:53:23
6376 Triggers

140 A

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9435 hits east top Vertizontal Profile, 9863 hits bot

Fig 19. Spill 9099



McCeQll 44.47

MC6Q2I  -793.3
MC6Q3I 76.4
MC6Q4I 70.5

6 mcsos! 730.7
MC6Q6! 42.7
MC6CV 20.0

* DS quads changed from Operational tune to
Operational Polarity tune

* Double peak came back in horizontal

» Vertical peak shifted to the left (up)

e 46 mm above the center

Operational Polarity

Operational == Operational Polarity

200 A

Target, Last Spill, Last Updated: 2021-06-20 16:54:23
6344 Triggers
140

175 A
120 4

150
100 4
125
80 -
100

60 -

75 A

50

25 A

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9313 hits east top Vertizontal Profile, 9931 hits bot

Fig 20. Spill 9100

Target, Last Spill, Last Updated: 2021-06-20 16:56:23
6554 Triggers

175 A

For Spill 9100 and 9102

MC6V1is 10
MC6V2 is 15

175 A

150

125 A

100

75

50 A

25 A

0 20 40 60 80 100 120
west Horizontal Profile, 9436 hits east

Fig 21.

150

125

100 A

75 A

50

25 A

0 20 40 60 80 100 120
top Vertizontal Profile, 10092 hits bot

Spill 9102



I Collimator Scan

MC6CV
20.0
10.2

Spill
9104
9117

Target, Last Spill, Last Updated: 2021-06-20 16:58:24
6436 Triggers

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9516 hits east top Vertizontal Profile, 10204 hits bot

Fig 22. Spill 9104

Target, Last Spill, Last Updated: 2021-06-20 17:11:26
5607 Triggers

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7948 hits east top Vertizontal Profile, 8399 hits bot

Fig 23. Spill 9117



MCeQll 44.47

MC6Q2l  -793.3 Operational Polarity
MC6Q3I 76.4
MC6Q4! -60.2

7 Ha|f I\/Iagic MC6Q5! 654 Operational = Halfway
MC6QS6! -36.5  Polarity
MC6CV 10.2

* DS quad settings changed from Operational
Polarity to Halfway

* Double peak disappeared
* Better profiles in both horizontal and vertical

* Vertical peak shifted to the right

e 22 mm above the center

For Spill 9123 and 9124
MC6V1is 10
MC6V2 is 15

Target, Last Spill, Last Updated: 2021-06-20 17:17:26
5557 Triggers

120 A
175 A

150 100 A

125 80

100
60
75 A
40 4
50 4

204
251

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7813 hits east top Vertizontal Profile, 8382 hits bot

Fig 24. Spill 9123

Target, Last Spill, Last Updated: 2021-06-20 17:18:26
5618 Triggers

200 A 175 |

175 A

150 A

125 A

100
100

75 4
75 1

50 4 50 A

25 A 254

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 8167 hits east top Vertizontal Profile, 8560 hits bot

Fig 25. Spill 9124



Collimator Scan

MC6CV
10.3
14.2
20.0

Spill
9153
9157
9161

Fig 26. Spill 9153

Fig 27. Spill 9157

Fig 28. Spill 9161

Target, Last Spill, Last Updated: 2021-06-20 17:47:31
5475 Triggers

160

140

120 A

100 4

80 1

60

40

20 A

1 04
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7688 hits east top Vertizontal Profile, 7869 hits bot

Target, Last Spill, Last Updated: 2021-06-20 17:51:31
5681 Triggers

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 8096 hits east top Vertizontal Profile, 8256 hits bot

Target, Last Spill, Last Updated: 2021-06-20 17:55:32
6016 Triggers

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9309 hits east top Vertizontal Profile, 9931 hits bot




MCeQll 44.47

MC6Q2I -793.3 Operational Polarity
MC6Q3I 76.4
8 MC6Q4I -55.1

MC6Q5! 615.6 Halfway wfp 1/4

MC6Qs6I -33.3
MC6CV 20.1

* Ds quad settings changed from halfway to %

* No change in horizontal

* Background went up in vertical profile

For Spill 9166 and 9167

MC6V1 is 80
MC6V2 is 80

Target, Last Spill, Last Updated: 2021-06-20 18:00:32
6106 Triggers

160

140 A

120 4

100 A

80

60

40

204

i 0-
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9332 hits east top Vertizontal Profile, 9618 hits bot

Fig 29. Spill 9166

Target, Last Spill, Last Updated: 2021-06-20 18:01:32
6092 Triggers

120 A

100 A

80 A

60 -

40

204

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 9037 hits east top Vertizontal Profile, 9494 hits bot

Fig 30. Spill 9167



Target, Last Spill, Last Updated: 2021-06-20 18:14:33
MC6Q1| 44.47 4749 Triggers

MC6Q2I  -793.3 Operational Polarity 1
MC6Q3I  76.4 120 T
9 MC6Q4| -65.4 100 1 80 1
MC6Q5]  692.3 A > 3 80 o0
MC6Q6! -39.6 60
w0l
MC6CV 9.9 a0
p— 20 A
* DS quad settings changed from 1/4 to 3/4
0- 0
[ i i 0west = Hori;gntal g?ofile,z;gzs h%?so 1::st 0top 20Vert;(<)>ntalg?ofile, 87(;79 hllgso lsgt
Vertical peak shifted to the left (up)
o , Fig 31. Spill 9180
* Better prOfI Ie Inve rtlcal Target, Last Spill, Last Updated: 2021-06-20 18:15:33
5255 Triggers

175 A
120

For Spill 9180 and 9181
MC6V1is 80
MC6V2 is 80

100 A

80 A

60 A

40 -

20 A

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7827 hits east top Vertizontal Profile, 8432 hits bot

Fig 32. Spill 9181



MCeQll 44.47

MC6Q2I -793.3 Operational Polarity
MC6Q3I 76.4
MC6Q4 -60.2

10 MC6Q5| 654 3/4 =P 1/2
MC6Qs! -36.5
MC6CV 10.3

* DS quad settings changed from 3/4 to halfway
* Vertical peak shifted to the right

For Spill 9197 and 9198
MC6V1is 80
MC6V2 is 80

Target, Last Spill, Last Updated: 2021-06-20 18:31:36
5383 Triggers

140 4

120 4

100 4

80

60

40 4

20 A

| 0 |
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7639 hits east top Vertizontal Profile, 7960 hits bot

Fig 33. Spill 9197

Target, Last Spill, Last Updated: 2021-06-20 18:32:36
5298 Triggers

140

120 4

100 -

80 A

60

40 -

20 A

| 0 |
0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7529 hits east top Vertizontal Profile, 7885 hits bot

Fig 34. Spill 9198



First and Last Profiles

MCeQll
MCeQ2I
MCe6Q3I
MCe6Q4I
MCe6Q5I
MCe6Q6I
MC6CV

MCeQll
MCeQ2|
MC6Q3I
MC6Q4I
MC6Q5I
MC6Q6I
MCe6CV

19.38
- 649.5
37.23
-49.93
577.2
-30.19
10.2

44.47
-793.3
76.4
-60.2
654
-36.5
10.3

Operational

Operational

Operational Polarity

Halfway

160 -

140 A

120 A

100 -

80

60 A

40 1

20 A

200 4

175 4

150 4

100 +

75 A

50 4

25 A

Target, Last Spill, Last Updated: 2021-06-20 15:30:12
5586 Triggers

120 1

100 A

80

60 -

40 A

201

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7944 hits east top Vertizontal Profile, 8170 hits bot

Target, Last Spill, Last Updated: 2021-06-20 18:34:36
5405 Triggers

160 A

140 A

120 4

100 +

80

60

40

204

0 20 40 60 80 100 120 0 20 40 60 80 100 120
west Horizontal Profile, 7706 hits east top Vertizontal Profile, 7960 hits bot

Fig 35. Spill 9016

Fig 36. Spill 9200



Summary

* We ran the beam study with different quadrupole and collimator settings and
ended up with a nice profile

* When we closed down the collimator, background underneath the vertical peak
started lowering

* We kept the Half Magic tune for the rest of the run



Beam Studies

April 19: Found magic settings during transition between operational tune and
new(operational polarity) tune

* Much better profiles on the Nova target
* But beam fell off the top of the target

June 20: interpolated between operational and (new) operational polarity tune in search
of the "magic" settings from last study; ended up with the new "half-magic" operating

point
June 26 (morning): scans around the new operating point to explore the response

June 26 (evening): study the double peak in horizontal profiles observed in earlier scans



