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Hybrid tests during the BSRT fill 16.05.2023

 Preformed parasitical scans during the BSRT calibration procedure.
 BSRT fills are taking place when time in LHC schedule.

 This one took place during holidays of Ana
(which still helped me almost all day to prepare it!)

« Large data sets were taken for Beam 2 at top energy,
but due to the short time to setup with beam not usable data for beam 1.

« At injection before the beginning (~13:15 - 13h30)
- Grab from the navigator B1 & B2 data, (but not processed yet)

« At top energy after calibration & emittance scan by the experiments (~19h30 - 20h15)
- Data to NXCALS for Beam 2, Beam 1 (36 scans, 5in NXCALS all at 0)

« Beam losses are about 6% higher with the prototypes for the running sum in warning
(36% of the thresholds for running sum 2.56ms, 10ms, 82ms)
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LHC hybrid prototype with LIU electronics

For powering the Ii’ng safety brake
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The linear wire-scanner hybrid does not have a linear optical encoder, so
the BWSLIUEXP FESA class is now simulating it using the resolver data
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Data processing as presented

* Only beam 2 large data sets usable

« Phasing was done on both beams and works ok (to integrate exactly one bunch only)
- crosstalk to be evaluated

« Since bunches were not selected correctly at the BWSLIU level
- information extracted from BWSACQ class

. In_BW_SAC(? class, all the 3564 bunches are integrated and available
- filtering ot the bunches of interest is done in the script.

« The positions were not generated by BWSLIUEXP from the resolver
- start and stop angle & assuming a constant speed => position reconstructed
- IN-OUT slack evaluated using beam center equivalent to 0.9 mm for B2

« Data extraction not so easy with SWAN _ _
- need to put in place multiple request to reduce data size, otherwise the process crash.

Will need detailed analysis for: _
- Process the 4 PMT channel, check saturation. _ o
- Quantitative compare of beam size (IN-OUT, Hybrid-OP) in same condition.
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BWS Hybrid — BSRT fill - Top Energy

Resolver data and PMT oasis channel

angle [rad] / pmt amplitude []

LHC_BWSLIUEXP_B1H2_2023-05-16_17 00 00 000 - 2023-05-16 23 59 59 000 36 scans

40 A

30 1

20 A

Beam 1

0.0

T
0.1 0.2 0.3 0.4
time [s]
ld:ia4:i40 MON1TOring sTarted...
18:54:46 Apply filter: BLM[QABTEC2M][T]\. ((B[1-9]1)|([12][0-9]1) | (3[0-41)) [LR] 123456781\, [B] [012] [EITR] [@-0] ?[0-9]7 .*

18:54:46 Filter applied. 3592 monitors displayed.
=T NN

19132038 - - m - s oo o ooeooieooeooseooooooees

angle [rad] / pmt amplitude []

LHC_BWSLIUEXP_B2H2_2023-05-16_17_00_00_000_- 2023-05-16_23 59 59 000__ 60 scans

40

30 +

Beam 2

20 A

0.0 0.1 0.2 0.3 0.4
time [s]

BLM fixed display warnings
after BWS Hybrid scans (B1&B2)

/% 19:32:38 Warning on: BLMTI.04R1.B2I10_TCTPV.4R1.B2, integration time: 82 ms, losses = 2,056003E-03, threshold = 5.717055E-03, ratio = 36%
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WS Hybrid — BSRT fill - Top Energy

Resolver data and PMT (slow) oasis channel - ZOOM

LHC_BWSLIUEXP_B1H2_2023-05-16_17_00_00_000_- 2023-05-16_23_59_59_000__36_scans LHC_BWSLIUEXP_BIH2_2023-05-16_17_00_00_000_-_2023-05-16_23_59_59_000__36_scans

LHC_BWSLIUEXP_B2H2_2023-05-16_17_00_00_000_-_2023-05-16_23_59_59_000__60_scans
o LHC_BWSLIUEXP_B2H2_2023-05-16_17_00_00_000_-_2023-05-16_23_59_59_000__60_scans
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0126 0ho8 0150 ofia> - 0.3790 0.3795 0.3800 o.3soiim:3[:]10 0.3815 0.3820 0.3825 s time [s]
time [s]
HC BWSLIUEXP B142 2023.05.16 17 00 00 000 - 2023.05.16 23 50 50 000 36 IHC_BWSLIUEXP_B1H2_2023-05-16_17_00_00_D00_-_#023-05-16_23_59_50_000__3f_scans
1  B1H2_2023-05-16 17.00_00_000 - 2023-05-16_23 50 _59_000_36 scans
28.75 LHC_BWSLIUEXP_B2H2_2023-05-16_17_00_00_000_- 2023-05-16_23_59_59_000__§0_scans LHC_BWSLIUEXP_B2H2_2023-05-16_17_00_00_000__2023-05-16_23_59_59_000__60_scans
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‘ ‘ T . . time [s
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=> New linear design would certainly profit from an optical rule as in the LIU rotational design
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BWS Hybrid — BSRT fill - Top Energy

L A 210 o e 20511175

LHC BWSACO BZH2 LoggmgChZ projDataSetl 19:45:56.917

ouT

zzzzz

477|579

1 turn — 3564 bunches

A 4

750k 1000 2000k
| i L 45569172
I [ | 0 ETH
\ Il I
,‘! Ll
100

481143 Bunches (beam?) = [3, 450, 850, 891, 1200, 1500, 1785, 1962, 2100, 2223, 2450, 2800, 3071]
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Some fit illustration —
top of the Gaussian not always good —
saturation / need of 2 Gaussian fit to be evaluated

HCTEST.BWSLIU.LIN_B2 2023-05-16 20:08:30.613246 bunc HCTEST.BWSLIU.LIN_B2 2023-05-16 20:08:30.613246 bun
A
10000 A
.HCTEST.BWSLIU.LIN_B2 2023-05-16 19:56:43.460462 bunc
8000 - (HCTEST.BWSLIU.LIN_B2 2023-05-16 19:58:13.893466 bun: -
— 10000 A N ]
10000 A
6000 - —— indata —— indata
——— out data 6000 - ——— out data \
- sigma in 0.41274, x0: 0.0131 -—-- sigma in 0.37238, x0: 0.01767 8000 -
sigma out 0.3995, x0: -0.04366 —== sigma out 0.36497, x0: -0.04666 |
8000 i
4000 -
4000 1 [
6000 —— in data —— in data
—— out data 6000 - ——— out data
20001 2000 1 --- sigma in 0.32149, x0: 0.07982 -—- sigma in 0.2599, x0: 0.07477
-=- sigma out 0.31735, x0: 0.04427 —-== sigma out 0.2591, x0: 0.04229
-10 - -10 g 0 5 10 4000
4000 A
HCTEST.BWSLIU.LIN.B2 2023:05-16:20:08:30,613246 bunc HCTEST.BWSLIU.LIN_B2 2023-05-16 19:53:19.642479 bunc
\ 2 2000 1
\ 2000 A
10000 4
8000
-3 -2 -1 0 1 2
8000
—— in data 6000 1 —— indata
~——— out data —— out data
00001 === slgiafly 0:25969,%0::0,00937 -=- sigma in 0.34277, x0: 0.0699

sigma out 0.25152, x0: -0.04376 -== sigma out 0.33988, x0: 0.04644
\

4000 1
4000 A
2000 4 2000

= =5 -20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0
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sigma um

BWS Hybrid — BSRT fill - Top Energy
Sigma for the ~first 23 scans

CTEST BWSLIU_LIN B2 2023-05-16_17 45 00 000 - 2023-05-16 17 59 59 000 CTEST BWSLIU_LIN_B2 2023-05-16_17_45_00_000_- 2023-05-16_17 59 59 000

425 A

400 A

375 A

350

325 4

300 A

2754

250 A

b-1200 IN,mean:
b-1500 IN,mean:
b-1785 IN,mean:
b-1962 IN,mean:
b-2100 IN,mean:
b-2223 IN,mean:
b-2450 IN,mean:
b-2800 IN,mean:
b-3071 IN,mean:

EEXERRXXXRY

b-3 IN,mean: 372.82 stdev: 1.61
b-850 IN,mean: 357.52 stdev: 2.43
b-891 IN,mean: 343.23 stdev: 1.58

343.79 stdev: 3.07
324.71 stdev: 3.54
321.52 stdev: 1.43
412.92 stdev: 3.48
298.18 stdev: 2.04
308.83 stdev: 1.82
272.42 stdev: 2.44
261.24 stdev: 1.93
375.42 stdev: 1.52

e SRR N o e e

scan in

=> b-3 OUT,mean: 366.04 stdev: 1.64

~o < /. ,\‘ P e

A =7 ~» b-850 OUT,mean: 351.55 stdev: 2.21
b-891 OUT,mean: 336.42 stdev: 1.5

I\
372.82
std 0.43%

357.52
std 0.68%

ouT
366.04
std 0.45%

351.55
std 0.63%

diff

6.78
(1.8%)

5.97
(1.7%)

400 4 => b-1200 OUT,mean: 338.64 stdev: 2.62
=> b-1500 OUT,mean: 318.29 stdev: 2.37
=> b-1785 OUT,mean: 315.73 stdev: 1.31
-~ b-1962 OUT,mean: 405.33 stdev: 3.55
380 A —>  b-2100 OUT,mean: 293.26 stdev: 2.46
b-2223 OUT,mean: 303.6 stdev: 1.72
g . N & .
W g VE R B v ~»  b-2450 OUT,mean: 267.83 stdev: 2.34
Xy R T Ny ><\x,3/2--x» — b-2800 OUT,mean: 255.75 stdev: 1.85
360 - ~»-  b-3071 OUT,mean: 368.68 stdev: 1.58
» o » - '*'/\ X A % s
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BWS Hybrid — BSRT fill - Top Energy
Sigma for the ~last 25 scans

CTEST_BWSLIU_LIN_B2_2023-05-16_17 59 00_000 - 2023-05-16_18 14 59 000

CTEST BWSLIU_LIN_B2_2023-05-16_17_59 00 000 - 2023-05-16_18 14 59 000

=> b-3 OUT,mean: 365.93 stdev: 1.88
429 -3 E'g_,,'f,",'ﬂea"' 3.7;5963;(’%' 1172966 KL ~% b-850 OUT,mean: 350.84 stdev: 3.4
_B—@n oo 9© & b~891 IN,mean: 341'13 stdev: 1'55 =X e /’f Fe s 7S e 7 =% b-891 OUT,mean: 335.52 stdev: 1.29
—o " O ’ 5 51200 KR o = b 4004 * X = b-1200 OUT,mean: 336.88 stdev: 2.26
) g ) ' e ~> b-1500 OUT,mean: 317.98 stdev: 2.51
400 - - E'iggg ::'mea”: ;ig:i Stge": i'gg —% b-1785 OUT,mean: 314.9 stdev: 1.28
. i IN'mea"' i Stde"' 333 —¢ b-1962 OUT,mean: 404.94 stdev: 3.06
-9 of ,mean: i staev: 3.
e e e SR 380 - ~5¢ b-2100 OUT,mean: 292.65 stdev: 2.28
o ! ’ ' T b-2223 OUT,mean: 302.51 stdev: 1.35
380 - E'iiig ::'mea"f 3‘7’1'22 Stge"f i?e — e s X € 2450 OUT.mean: 267.08 stdev: 1.42
! e o o . S ye =t =X <36 <§<x_ XY LTINS T N L= 5¢ b-2800 OUT,mean: 255.3 stdev: 2.19
- b- ,Jmean: 5 staev: 1. .
—@- b-3071 IN.mean: 373.34 stdev: 1.7 360 - ~>  b-3071 OUT,mean: 366.87 stdev: 1.59
' == = X X o K o 7
- e S W WaY W W W Ny X
R J xX N2 N e R <
\)( X
E 340 + Q )‘\ ’x\ )‘ x §_ D =X
5 T 0 - NP TR - P R
g S - s*<§,§<yz x_x’ ®- o~z e %wy&h:;s--x——x.,x
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€ o
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scan i scan out
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Plot with OP scans (not the same time scale!)

CTEST_BWSLIU_LIN_B2_2023-05-16_17_45_00_000_-_2023-05-16_17_59_59 _000__  cTEST BWSLIU LIN B2 2023-05-16 17 45 00 000 - 2023-05-16 17 59 59 000
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= ; R e 3 ,1:. s x/ _/_Q_ b .!.-
£ - =] e o nT~ _.’ SRR "x‘ —)< X
3 325 7 ® T =% -+ b«
', C g ) \\\ " .\
£ =) e ey = ‘,“‘ Ay * /,\.ﬂw-_Q, GIAN N '\ %
= ‘& 300 A \Y ’ - \v, = X- , -)(- b-3 OUT,mean: 366 04 stdev: 1.64
oy 3¢~ == b-3 IN,mean: 372.82 stdev: 1.61 v L ~. 02 & OP b-3 IN,mean: 368.35 stdev: 10.81
0 ~®- OP b-3 IN,mean: 367.18 stdev: 9.24 ¥ -x" ‘x""";’ ‘!’- \x < ‘ ->e b-850 OUT,mean: 351.55 stdev: 2.21
300 - =3¢ b-850 IN,mean: 357.52 stdev: 2.43 ~ =@ OP b-850 IN,mean: 346.24 stdev: 10.82
=@ OP b-850 IN,mean: 346.52 stdev: 8.97 [ ] =>¢ b-891 OUT mean; 336. 4275fdev 15 -
~ =3¢ b-891 IN,mean: 343.23 stdev: 1.58 'l \ ‘-.: SPI;O?;L; mepn: ié: 24 sf:e‘/_ ;Daz
~@- OP b-891 IN,mean: 322.22 stdev: 9.12 2751 Jd N 2¢€ b- mean: 338,64 stdev: 2.
A IN,mean: 343.79 stdev: 3.07 \ - N ‘_/ ~@- OP b-1200 IN,mean: 327.7 stdev: 10.39
bE. 12001 % % g \ S —@ ‘ ;& 4 o o b-1500 OUT,mean: 318.29 stdev: 2.37
~@- OP b-1200 IN,mean: 327.1 stdev: 8.63 o =~ 'r '. 28 B0 £1500 Wmess: 30261 stdevs 9,61
275 1 b-1500 IN,mean: 324.71 stdev: 3.54 % ¢ b-1785 OUT,mean: 315.73 stdev: 131
~@- OP b-1500 IN,mean: 302.11 stdev: 8.43 \x,—><——>(-—)e->(~x__x_,)(._’<,-x—-)(~.x. - -_)( @ OPb-1785 IN,mean: 299.56 stdev: 9.04
=>& b-1785 IN,mean: 321.52 stdev: 1.43 250 - 3¢ b-1962 OUT,mean: 405.33 stdev: 3.55
~@- OP b-1785 IN,mean: 299.07 stdev: 8.08 @ 0P b-1962 IN,mean: 384.83 stdev: 11.91
== b-1962 IN,mean: 412.92 stdev: 3.48 =3¢ b-2100 OUT,mean: 293.26 stdev: 2.46
~@- OP b-1962 IN,mean: 384.36 stdev: 10.17 , ~@- OP b-2100 IN,mean: 270.57 stdev: 8.57
250 A =3¢ b-2100 IN,mean: 298.18 stdev: 2.04 =3¢ b-2223 OUT,mean: 303.6 stdev: 1.72
~@- OP b-2100 IN,mean: 270.19 stdev: 8.05 A 4 “ /R -@- OP b-2223 IN,mean: 270.8 stdev: 8.99
=3¢ b-2223 IN,mean: 308.83 stdev: 1.82 225 I 4 \\\ ’,/ \ 272N b-2450 OUT,mean: 267.83 stdev: 2.34
~@- OP b-2223 IN,mean: 270.38 stdev: 7.78 ‘/ N } ,;-;‘ \ & // ~@- OP b-2450 IN,mean: 219.83 stdev: 7.52
b-2450 IN,mean: 272.42 stdev: 2.44 v v\ s '._ _.,__:‘/.*"\',.— ”f’ = b-2800 OUT,mean: 255.75 stdev: 1.85
~@- OP b-2450 IN,mean: 223.49 stdev: 7.17 ‘ ~@- OP b-2800 IN,mean: 220.45 stdev: 7.49
225 A > b-2800 IN,mean: 261.24 stdev: 1.93 > £-3071 OUTimean: 36860 e 130
~@- OP b-2800 IN,mean: 223.85 stdev: 6.89 200 a 2 \mean: SaTZostoa: 10
=>& b-3071 IN,mean: 375.42 stdev: 1.52 T T T T T
~@- OP b-3071 IN,mean: 340.81 stdev: 9.46 0 5 10 15 20
: ' j J T scan out
0 5 10 15 20

scanin

OP start = "2023-05-16 15:30:00.000" to stop = "2023-05-16 18:29:59.000"
Recalculate OP sigma with reconstructed positions at cst speed (as now used for BSRT calibation)
Check bunch selection - why proto has a larger bunch and the OP has 2 smaller bunches?
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Summary

BSRT calibration of the 16.05.2023 was the occasion to test the Hybrids

Multiple difficulties due to:

- short among of time allowed for Hybrid at injection and top energy.
=>we will have more time in the dedicated MD (14-18 June)

- too large data handling for the navigator when it comes to display data for bunch selection and phasing.
=> Ana is working on disk storage (.hdf5) to use specific viewer to handle large dataset

- NXCALS was not accepting all the integrated bunches (now ok, limit increased to 30Mbytes)

Quantitative data on Beam 2 at top energy & preliminary analysis preformed

Beam was not dumped after 60 scans B2 and 36 B1
(only 6% more losses due to lower speed probably)

Multichannel PMT provided one good channel and other saturated or too low, as expected
60 scans analyzed showing <1% std dev and <2% IN-OUT difference, comparison to OP scanner is encouraging

Detailed analysis is required to get quantitative numbers for beam size measurement repeatability, optimum
comparison with OP scanners, analysis of the other PMT channels, etc.
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BWS LHC B1 - first scans with the hybrid and LIU
based eIeCtroniCS CH:1 acq: 2023/03/31 10:06:12.093474 CH:2

12000 1 7000 A \

- / 4 \
10000 ﬂ \ &0
\

N1
. . - / \
° 8000 A ~ = sigmal 2.0796(0.9633), x0: -0.61404 — = sigmal 0.96267(0.9633), x0: -0.58699
ew scCans periormea witn one punc uring — - Sgmai 0.3994s05836) x0: 059222 | 5000 - o o S R

== sigmal 282.36836(0.8342), x0: -1.86677 N . 0.83752(0.8342), X0: -0.57272

C O I S S I O n I n tl e 6000 - /P ::gzgi ‘1’*‘1412;;22‘;?“6;14“4))')(’;0" ;'2219084 — = sigmal 0.85738(0.8644), x0: -0.57974
l I I I I l I I I P ; L ity 4000 1 = = sigma2 0.99941(0.9997), x0: -1.58862

== = sigma2 2.08(0.9997), x0: -1.5766

; = = sigma2 1.00606(1.0074), x0: -1.5747
= = sigma2 0.41889(1.0074), x0: -1.56888 = SIZmaz E: 8939250 8904: g i
4000 A == sigma2 196.52391(0.8904), x0: -2.18074 L= L soaboradiii v27s) sorassesy
— = sigma2 1.08378(1.0275), x0: -1.58458 3000 A s i 570tk (var, 0 150067
== = sigma2 0.65647(nan), x0: -1.6863

 We found the beam quickly by checking 2000 { -
the raw PMT data o

2000 A

1000 -

« After setting up few parameters with beam, hi3 _
we obtained 3 meaningful scans — smaosmmse o sz

— = sigmal 0.94099(0.9836), x0: -0.58119 — = sigmal 0.97845(0.9836), x0: -0.64703
1800 A — = sigmal 3.7007(0.8342), x0: -1.23362 1150 - — = sigmal 97.53289(0.8342), x0: 3.95198
— = sigmal 0.81662(0.8644), x0: -0.62833 — = sigmal 0.55039(0.8644), x0: -2.68832
== = sigmal 209.65284(nan), x0: 3.12966 == = sigmal 225.46808(nan), x0: 4.16012
. 1700 ~ — = sigma2 0.91087(0.9997), x0: -1.59435 — - sigma2 0.98845(0.9997), xO: -1.6293
® EI eCt r 0 n I C S/S O ftW ar e W O r k ed W eI I an d fo u n d — = sigma2 0.82194(1.0074), xO: -1.56072 1100 - = = sigma2 0.60391(1.0074), x0: -1.54007
1600 4 — = sigma2 215.27156(0.8904), x0: -4.46994 — = sigma2 1.88533(1.0275), xO: -1.50661
= = = sigma2 1.74986(1.0275), x0: -1.38663 sigma2 1.7087(nan), x0: 0.73812
the optimum channel (CH2) =kt
1500 A 1050 A
1400 RN

 With HV=400V CHL1 is saturated, CH3 is a little .5, | 10001
to low and CH4 is the lowest 1200-

. ot N DA , 950 =
e e
1100 . 4yvidt .‘ 4 fq B L2 L, \a‘.ik.‘{wu, ‘LH
T T T T T 900 T T T T T
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BWS LHC B1 - first scans with the hybrid and LIU
based electronics

« Position offset between IN and OUT signal, most probably CH:2 acq: 2023/03/31 10:11:02.149784
due to the slack introduced by resolver processing (tbc). 7000 - 2 i Loy o, o s

« If found to be the source, this can be fixed by configuration A
at the FESA software level ) for

 Absolute position already very good considering we only —
based it on scanner geometry (no laser calibration)

4000 -

CH:2 acq: 2023/03/31 10:06:12.093474 CH:2 acq: 2023/03/31 10:08:08.873627
o Seta o w0 o

3000 A

2000 ~

1000 A
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-

Beam size results summary g o

« The 3 scans giving very similar beam size 110l ® : EEEZE:ZZ ot s
* IN scan always smaller than OUT scan |
* Front-End (FE) fit and SWAN python (PY) do

not always agree 1001 o ' o

« 10mm window is probably a bit challenging
for the gaussian fit with 5 parameters

0.95 4

physical sigma mm
+

(baseline).
 tocheck ifitis possibleto increase the data
range or going faster with the wire... 0.85 ]
1.001 o ¢ ® 0.80

2023/03/31 10:08:08.873627 2023/03/31 10:11:02.149784 2023/03/31 10:06:12.093474
acqtime

0.95 -

17
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Beam losses react with a small loss (RS09->1.2s)

Losses around Wire-scanners IP4 2023-03-31 09:59:00.000 2023-03-31 10:15:59.000

Losses around Wire-scanners |P4 2023-03-31 09:59:00.000 2023-03-31 10:15:59.000
4 10_7 | == BLMEI.O5R4.B1I10_BSRTM:LOSS_RS09
X === BLMEI.05L3.B2E10_TCSM.B5L3.B2:LOSS_RS09
100 -
-2
3x10771 o 10
9] === BLMEI.O5R4.B1110_BSRTM:LOSS_RS09
o 2 == BLMEI.O5L3.B2E10_TCSM.B5L3.B2:LOSS_RS09
8 $ == BLMEI.O5R4.B1110_BSRTM:THRESH_RS09
o m = BLMEI.05L3.B2E10_TCSM.B5L3.B2:THRESH_RS09
w
2 §
v
S
10—4 -
2x1077 10~ -
T T T T
T T T T
$ N a5 > NN & > 5
9 g 3 S S S S S
'\,'\’ '\,'\’ '\,'\’ '»'\’ . " 7 "7
) » ) ) o) % ) %
tima

tima
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Summary

 Few successful scans were performed on B1.
We have encouraging results with the LIU electronics

« B2 will be tested as soon as we have an opportunity

« Comparative scans with operational systems planned possibly at the end of the BSRT calibration.
No defined date that | know, it depend on the LHC operation planning.

 If not done by the MD bloc 1 (14-18 June), we have requested 2x 4h MD for:
1) small number of bunch with ramp
2) large number of bunch at flat bottom to test the PMT system
https://indico.cern.ch/event/1278851/

« Apart from beam test, we should work in the lab on:
- increasing the minimal speed from 0.92 to 1.1 or more
=> PROTO#3 need to be fixed to behave as the ones in the LHC!
- Qualify this mechanism with the new laser calibration bench
=> Do we miss any mechanical pieces?
=> Should we start with this one instead of the operational system?
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