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Introduction to BSRT profiles

Overview of the MD

Comparison of BSRT and wire scanner profiles
Results for MD2202 — LR BB compensation with wire:
a) transverse profile changes induced by wire

b) evolution of profiles along the fill

c) longitudinal profiles
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Intro BSRT profiles
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Trans + Long profile analysis for LR BB wire compensation MD (MD2202)

H plane, slot 224 - 2017-07-01 16:09:04, ref slot 224 - 2017-07-01 16:08:49
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2) fit profiles with Gaussian and g-Gaussian
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profiles in H are
slightly asymmetric ->
This is instrumental
profiles in V are
symmetric and almost
Gaussian

residual shows
changes of the center
of the distribution
and deviation from
Gaussian/g-Gaussian
fit

ratio (would if
sensitive enough)
show changes in the
high amplitude tails
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H plane, slot 20 - 2017-07-01 21:35:21, ref slot 20 - 2017-07-01 21:35:00
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Analysis steps:
1) average over profiles
2) fit profiles with Gaussian and g-Gaussian (weighted in H)
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Overview of MD2202 - LR BB
compensation with wire
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Comparison BSRT and BWS at
Injection and FT
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Updated beta functions

High
> LHC

BSRT: Use beta@Undulator (MU.*) at 450 GeV and beta@dipole (MBRS*) at 6.5 TeV

Beam 1
inj Flattop 40 cm
BWS.5R4 195.5 £2.5 || 338.5 4.3 | 1925+ 3.5 | 344.3 £5.8 | 182.94+ 2.0 | 341.7£4.0
MBRS.5R4E | 202.1 £2.5 | 299.9+39 | 1984 +3.6 | 304.6 5.2 | 188.2+2.2 | 301.0 £ 3.7
MU.B5R4 206.8 £2.6 | 287.3+3.8 | 202.8 £3.7 | 291.6 £5.0 | 1925 £2.2 | 287.6 =+ 3.6
Beam 2
inj Flattop 40 cm
B By B By Ba By
BWS.51L4 185.1 £251 394.44+4.7 || 193.5+3.3 | 424.9£7.1|] 192.1 +2.4 | 398.9+4.5
MBRS.5L4E | 192.5 +2.6 || 339.3 4.4 | 206.2 £ 3.6 | 366.5 6.2 | 208.8 £2.6 | 340.3 4.0
MU.B5L4 193.1 £2.6 | 337.6 4.4 | 206.9+ 3.6 | 364.6 6.2 | 209.7 = 2.6 | 338.4 4.0

= changed values
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Trans + Long profile analysis for LR BB wire compensation MD (MD2202)
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If scaling with beam
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https://cernbox.cern.ch/index.php/s/32M7SzBzGyPvVZ7
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If scaling with beam

sigma correct:

* BSRT shows larger
tails

* BSRT shows bump on
right side
(instrumental)

other bunches and profiles see: bws bsrt cernbox
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https://cernbox.cern.ch/index.php/s/32M7SzBzGyPvVZ7

Results MD2202 — BSRT transverse
profiles
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Do we see distribution changes when wire is
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https://cernbox.cern.ch/index.php/s/AfB0LdC7omL1mWu
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Beam size change is consistent with beta-beat (decrease of beta) + the profile changes observed
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better agreement with observed shift of distribution in H (no increase in sigma)
+ beta-beat in V (decrease of sigma when wire is switched on)
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g-parameter changes when wire is switched on -> bunch with compensation appears least
affected -> are these changes real or instrumental???
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Results MD2202 — longitudinal
profiles B2 (B1 scope broken)
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) Luminosity
Y LHC

G o : @, High
il Conclusion

We need input from Bl experts to understand better our results!!!

BSRT compared to BWS (wire scan):
* |njection:
— BWS profiles show heavier tails than BSRT profiles
— artificial small bump on right side H in BSRT profiles
— BSRT profiles rather Gaussian, BWS profiles non-Gaussian with heavier

tails
* Flat top:

— in H left side agrees “fairly” well
— in V whole profile agrees "fairly” well
— bunches appear to be quite Gaussian up to 2-3 sigma (very roughly!)
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W) Luminosity
> LHC

Conclusion

We need input from Bl experts to understand better our results!!!

LR BB compensation - change of profile when wire is switched on/off:

1. change in profile with wire current can be explained by orbit shift in H and
beta-beat in V

2. nooronlyvery small differences of distribution change between bunches
-> is this real or an artifact of our fitting/model?

Trans + Long profile analysis for LR BB wire compensation MD (MD2202) Beam-Beam Meeting 11/08/2017



Backup Slides



3.0
2.5
2.0
1.5
1.0
0.5

emittance [um]

2.5

2.0

1.5

emittance [um]

1.0

2.5

2.0

1.5

emittance [um]

1.0

2017-07-01 16:05:47. 000 plane H

. [bi timber
« INfit
« OUTH

pl‘Of qgauss
& prof gauss

OUT fit G{

\“}

l"o ‘

50

2017 07-01 16:10:31. 000 plan

100 150 E@O 250

. IN timber
« INfit
» OUT timber
OUT fit
e hsrt
prof ggauss
» prof gauss

|
e

slot number

S

m]

S,

N

e 10y

\

O e

50

|
100 150 200

slot number

2[]17 07-01 16:12:34. 000 plane H

. [N timber
« INfit
e« OUT timber
OUT fit
e bsrt
prof ggauss
e« prof gauss

50

1
100 150 200
slot number

emittan

emittance [um]

B

[
(s S = e

SHE—
0O

2.5
2.0
1.5
1.0
0.5

2017-07-0

g High
L) Luminosit
Y LHC

116:06:13. 000 planeV

. Ibi timber
IN fit

« OUT timber
OUuUT fit

e bsrt
prof qgauss

# prof gauss

) -

»

50

2[]17 07-0

| | |
100 150 200

slot number
116:12:55. 000 p]ane V

. IN timber
IN fit

+—OUT timber
OUT fit

& bsrt

prof qgauss

prof gauss

%y)o

2[]17 07-

| | |
100 150 200

slot number

. IN timber
IN fit

» OUT timber
OUT fit

e hsrt
prof qgauss

# prof gauss

1%0 :49. 000 p]ane \ :
i %’e s
O'/

50

| | |
100 150 200

slot number

Y

Trans + Long profile analysis for LR BB wire compensation MD (MD2202)

Beam-Beam Meeting 11/08/2017



emittance [um] emittance [um]

emittance [um]

2017-07-01 16 05: 47 000, p]ane I—I

3.0 ,

28L [N timber (] hsrt i

2.6 B IN fit 6 pl‘qugﬂ-ﬂSS sansTnansae i

24| oyrT tlmher .- *Jauss |

2.0} snstenarytate® -

1.8} SR /) 1

16 {e é; | -
190 200 210 220 230 0D, 250 260

slot number 0\9

3.0 2017- 07 01 16 10: 31 000, planeH

28LE IN timber (] hsrt

26 L IN fit pl‘qugﬂ.ll!! R LA LT N 7

24L OUT timber — ..piof.gauss i

22| * ouToe. Wm .

Tof st i —

1.6} | | I | l
190 200 210 220 230 240 250 260

slot number

3.0 2017- 07 01 16 12: 34 000, p]aneH

2:8 - IN timber . hsrt i

26 L IN fit Prof QUauss..ete,, eyeusenes i

24 L OUT timber . Pm_f gauss |

5o L OUT,fite,,evt*”" " 000gt0gperertetenyteete |

2.0 W”wﬁmmw .

1.8 | B =

1.6 | | I | | I | ]
190 200 210 220 230 240 250 260

slot number

High
Luminosity
LHC

—train

2017-07-01 16 06: 13 000, plane \Y

3.0 : .
E‘ 28L * IN timber ® bsrt i
= 26L IN fit « prof gqgauss i
: 24 ° OUT timber » prof gauss ]
g 2'2 B ouTat | et |
220} *"“' -
3 18| WWW“ -
U 1.6 L _
190 200 210 220 230 240 250 260
slot number
3.0 2017- 07 01 16 12: 55 000, p]aneV
- 28 = IN timber ] hsrt -
2.6 |- IN fit prof ggauss i
{ |« OUT timber » prof gauss a
u%6 o .a::'zn.a:ﬂm -
g £
s 2 Wuﬂuﬂ""ﬂ' -
ER ! @/'-m.u"""w -
<] 1.6 | .
190 200 06) 220 230 240 250 260
f lot number
3.0 2017- 07 t§%49 000, planeV
- T |
= 2.8 L = INtimber -
g 26 L IN fit B profq'gt i
E' 9 4| * OUT timber » prof gauss |
o o « OUT fit
5 225 agsész‘&c -
IO e SEEITE
B 181 it 1
© 1.6 L | I | I | I i
190 200 210 220 230 240 250 260

slot number

Beam-Beam Meeting 11/08/2017



Beam 2 Injection

plane H, slot 100, only HO
| |

1.3 —
- IN timber
E 12} 6 ® IN fit .
o 1.1k Gf OUT timber |
g e OUT fit
g 1.0} @ P , e  bsrt i
E . : o prof gauss
5 09 2 o « prof qgauss
@ 0.8 | | c ®
2017-07-01 2017-07-01 20 01
16:08:20 16:11:40 16:15:
13 plane H, slot 224, HO+BBLR %
— | | I[I‘-]t'u‘nber %
B 12f IN fit -
o 11} OUT timber |
0 & OUT fit
310 © o $ o bert i
B : : prof gauss
g 0.9 = prof qgauss |
0_8 | | |
2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00
13 plane H, slot 20, no HO, no BBLR
E‘ | | I[I‘-]t'u‘nber
= 12« _ 3 IN fit ]
E’ 11L ; & OUT timber |
o OUT fit
3 10| o Dert |
E prof gauss
g 0.9 - prof ggauss
0_8 | | |
2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00

High
Luminosity
LHC

13 plane V, slot 100, only HO
i I I[N timber
E 12} IN fit .
= OUT timber
g L1 J v OUT fit ]
510 ° o | bsrt _
E > prof gauss
E 0.9 | + ® - prof qgauss |
0_8 | | |
2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00
13 plane V, slot 224, HO4+BBLR
- | I[N timber
1.2 IN fit .
1L OUT timber |
2 o OUT fit
:lcj:er 6@ N ’ ® o .
ot prof gauss
E 0.9 |- /.‘\ Lo e prof ggauss |
0_8 | | |
2017-07-01 ’70 17-07-01 2017-07-01
16:08:20 6:11:40 16:15:00
13 plane V, 0, no HO, no BBLR
. 5 T
i . IN timber
% L2 * efe « INit 7
= OUT timber
o 1.1 | ‘y .
S . " ./ . OUTfit
g 1.0} o o & bsrt |
E prof gauss
E 0.9 | prof gqgauss |
0_8 | | |
2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00

Trans + Long profile analysis for LR BB wire compensation MD (MD2202)

Beam-Beam Meetin

11/08/2017



High
Luminosity
LHC

plane V, slot 100, only HO
| |

99 plane I—I,lslot 100, only HO | 99
'E 2.0 | ; . o INtimber | 'E 20k . _ » IN timber
S 1l 6 . INfit | 2 18l _ . INfit ]
= OUT timber = OUT timber
8 1.6 |- G’ - OUTfit ] 8 L6 - «  OUTfit ]
g 1.4 e, @  bsrt - g 1.4 | ®  bsrt 1
E 1.2 | & o_ & profgauss - E 1.2 & prof gauss -
g 1.0 L ’ . o +  prof qgauss | g 1.0 L . [ - «  prof qgauss |
0.8 L4 | > | 0.8 L4 . @ o |
2017-07-01 2017-07-01 7-01 2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16: 30 16:08:20 16:11:40 16:15:00
99 plane H, slot 224, HO+BBLR ’ 20 plane V, slot 224, HO+BBLR
. T T . T T
—= 20L : . o IN timbe: —_ | IN timber |
g.. 1.8 L ' + INfit _b> g 18 IN fit
P OUT timber )5‘ 1.6 - © OUT timber
g 1.6 . OUTHit %1 OUT fit |
% 1.4 ®  hsrt N o { e  hsrt
121} & prof gauss - B L prof gauss |
g 1.0k ' % . . | prof ggauss | g 1.0 | /.k & % . prof ggauss |
b4
0_8 | | | 0_8 | | |
2017-07-01 2017-07-01 2017-07-01 2017-07-01 00 017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00 16:08:20 16:11:40 16:15:00
99 plane H, slot 20, no HO, no BBLR 99 plane V, bgnc HO, no BBELR
. T T . T
= B : . . IN timber = 20 L . : = IN timber i
g 2.0 . TN &L g 1al 9[ . INfit i
> 1.8 | ~  OUT timber P GU OUT timber
S 16L . OUTfit g 16 ./ . OUTIfit }
% ®  bsrt 5 1.4 | s bsrt 1
E 1.4} ~ | prof gauss E 1.2 . . -4 ¢ profgauss -
g 1.2 + i 4 ® « prof qgauss - g 1.0 L é ® ® +  prof gqgauss |
1_0 | | | 0_8 | | |
2017-07-01 2017-07-01 2017-07-01 2017-07-01 2017-07-01 2017-07-01
16:08:20 16:11:40 16:15:00 16:08:20 16:11:40 16:15:00

Beam-Beam Meeting 11/08/2017



emittance [pum]
N WU
|

plane H, slot 100, only HO
|

. ~ IN timber

’ 5 IN fit
® timber
. )

prof gau

! L prof qgauss%

1
2017-07-01
16:40:00

2017- 07 01
17:46:40

plane H, slot 224, HO+BBLR
|

%d[}l 7-07-01

:03:20

7
E‘ 6 . = IN timber = .__ o
= 5 IN fit
@ B L OUT timber z ]
S 4t - OUT fit 3 .
oo e bsrt
E 3t prof gauss ]
g 2 e & prof ggauss N
1 - |
2017-07-01 2017-07-01 2017-07-01
16:40:00 17:46:40 18:53:20

plane H, slot 20, no HO, no BBLR

l -
-

7
E‘ 6 - o IN timber i
= IN fit
W oI 4 OUT timber T
S 41 OUT fit z_
@ e bsrt =
E 3t prof gauss ]
g 2 t e +  prof ggauss N
1 —~ '
2017-07-01 2017-07-01 2017-07-01
16:40:00 17:46:40 18:53:20

plane V, slot 100, only HO
. |

High
Luminosity
LHC

Op

3.5
= IN timber -
EL 3.0 - « INfit s |
o 2.5 ¢ OUT timber ®-
= OUT fit y ] ®
o 2.0 | ®  bsrt -
.E 15L . : prof gauss ‘ 1
T prof qgauss

1.0 - - '

2017-07-01 2017-07-01 2017-07-01
16:40:00 17:46:40 18:53:20
35 plane V, slot 224, HO+BBLR

- |
= IN timber )
g 3.0 - INfit ‘ ° |
7"‘ 25 © OUT timber 8
% «  OUTfit o’
o bsrt i L.
E 1.5 : : prof gauss 6_ ]

E ) /’\ prof gqgauss
1.0 = '

2017-07-01 6 2017-07-01 2017-07-01
16:40:00 17:46:40 18:53:20

35 plane V, S% no HO, no BBLR

§ 30r ' IN ﬁ§{ ]

o 254k o OUTH i

= OUT fit ’

g 20 e & o £ -

E. 15L pl‘ofgauss " . 1

T o ® @ pl‘olfqgauss &

2017-07-01 2017-07-01 2017-07-01
16:40:00 17:46:40 18:53:20

o profile analysis for LR BB wire compensation MD (MD2202)

Beam-Beam Meeting 11/08/2017



High
Luminosity
LHC

no HO, no BBLR, slot 20, plane h no HO, no BBLR, slot 20, plane h no HO, no BBLR, slot 20, plane h
0.08 A 0.0100
0.0075
0.06 -
0.0050
— 10714 —_ —
3 5 0.047 3 0.0025
o i) i)
7] 5] 5]
Ei 3 3 0.0000
£ £ £
© 1021 Gaussian fit, offl ® ® -0.0025
off 1 0.00 -
on 1 -0.0050
— off2
— on2
off 3 —0.02 - —0.0075 1
T T T T T T T T T T T T T T T
-4 -2 0 2 4 -4 -2 0 2 4 —4 -2 0 2 4
position in sigma, sigma = 0.55 mm position in sigma, sigma = 0.55 mm position in sigma, sigma = 0.55 mm
no HO, no BBLR, slot 20, plane v no HO, no BBLR, slot 20, plane v no HO, no BBLR, slot 20, plane v
0.03 4
0.015
0.02 1
1071 0.010 1
3 N 3
& & = Z 0,005
w w w
=] =] =]
= 5 o 1
E 1024 £ 000 2 0.000
© 10 —— Gaussian fit, offl © ©
aff 1 —0.005 A
— onl :
— off 2 —0.017
— on2 ~0.010 -
10-3 1 — off 3
T T T T T T —0.02 T T T T T T T T T T T T
-4 -2 0 2 4 6 —4 =2 0 2 4 6 —4 -2 0 2 4 6
position in sigma, sigma = 0.63 mm position in sigma, sigma = 0.63 mm position in sigma, sigma = 0.63 mm

Meeting 11/08/2017



amplitude [a.u.]

amplitude [a.u.]

only HO, slot 100, plane h

10-1 4

102 4 Gaussian fit, offl
off 1
onl

— off 2

— on2

— off3

T T T T
—4 =2 0 2
position in sigma, sigma = 0.55 mm

only HO, slot 100, plane v

1071 4

1072 § -
Gaussian fit, offl

off 1
onl
off 2
on 2
off 3

1073 4

-4 =2 0 2

o

only HO, slot 100, plane h

0.08 +

0.06

0.04 +

amplitude [a.u.]

0.02 4

0.00 +

—0.02 A

amplitude [a.u.]

position in sigma, sigma = 0.55 mm

only HO, slot 100, plane v

0.03 4

0.02 4

0.01 4

amplitude [a.u.]

0.00 4

—0.01

High
Luminosity
LHC

only HO, slot 100, plane h

0.0100 A

0.0075 A

0.0050 A

0.0025

0.0000 A

—0.0025

—0.0050

—0.0075

T T T T T
—4 -2 0 2 4
position in sigma, sigma = 0.55 mm

only HO, slot 100, plane v

0.015

0.010

0.005 -

0.000

amplitude [a.u.]

—0.005 A

—0.010 4

position in sigma, sigma = 0.59 mm

Meeting 11/08/2017



High
) Luminosity
"LHC

HB2 HB2
150 1, 4 * no HO, no LR|- . » no HO, no LR
EAdJ”St - only HO _EAdJ“St - onlyHO A
140 - HO+LR - : - HO+LR
13+ K ]
o112 w4
11}
1. M
0.9} ’
17:00 18:00 19:00 20:00 21:00 22:00 23:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
. HB2 e
g-Gaussian , : : :
— o + no HO, no LR
£ 0-7'EAdJ“St + only HO . .
E | - HO+LR no change with wire on/off
—_ 1 1 [ ]
D 0.6
+— 1
c :
Courtesy = o5l _ | S
DR ! :Adjust * no HO, no LR
c ' ' . ly HO
S. Papadopoulou s | ¥ AN
X045 ¥ BER r
Gaussian . kB2 S g |
—_ ‘A + no HO, no LR T o4l ,
£ 0.7 Adjust conlyHo 1w Tl : ~
£ : * HO+LR s 5| »
— ' 2t
— 1 o : -
T 0.6 o ‘ ‘
© ; 17:00 18:00 19:00 20:00 21:00 22:00 23:00
2 ' time
$ 0.5,
c ‘
o 1
£ :
o 041

17:00 18:00 19:00 20:00 21:00 22:00 23:00
time

11/08/2017

Beam-Beam Meetin



& High
) Luminosity
"LHC

VB2 ; VB2
150, .. + no HO, no LR - + no HO, no LR
EAdJUSt + only HO s—EAdJUSt - only HO 1
L4fs - HO+LR 1 : © HO+LR
1 5,| . 4
1.3, 1 : ] T
o1.2}! { =0 1
11} 30 ]
1 75 _‘I 1 2 ’E . .
0.9}! h 1 1! L 1
17:00 18:00 19:00 20:00 21:00 22:00 23:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
) VB2 e
q-GaUSSIan ' ‘ | I no HOIno LR
£ 0.7 ’EAdJUSt + only HO
£ : * HO+LR
D 06!
+— 1
© :
0 1
= . VB2
Courtes 5 o5l | S
y z 0.5 : * no HO, no LR
S. Papadopoulou 5 | E | HOALR
041 i ] T
Gaussian , 2| |
_ 0o + no HO, no LR B 40 |
£ 0.7 Adjust conyrHo - u®
€ . © HO+LR £ ; ;
5 . 2} ' \
— 1 % o : .
© 06 i L ‘ _ L 10
© : o 17:00 18:00 19:00 20:00 21:00 22:00 23:00
e ! time
g 05}
[« : 1
o 1
K i
>0.4] p

17:00 18:00 19:00 20:00 21:00 22:00 23:00
time

Trans + Long profile analysis for LR BB wire compensation MD (MD2202) Beam-Beam Meeting 11/08/2017



Luminosity
"LHC
HB1 . HB1
1.5+ i no HO, no LR| : no HO, no LR
EAd]ust + only HO 67EAdJUSt + only HO
1.4+, « HO+LR B : Pyt
: 5p! b
; Lol \Wﬂlﬂuulmn
1 1 . . e ‘mwwmuu R
| i
E 21
3 1rt i
17:00 18:00 19:00 2n:nn 21-nn 272.-NN 22NN 17-nN 12NN 14-NN 2N- ﬂ(} 21 OO 22 00 23 00
HB1
. 0.8+ . : ‘ ‘ e
q-Gaussu:mE ‘Adjust no HO, no LR
' + only HO
E 07} - HO+LR 1
% ool
3 06} 1
© :
el 1
o ! HB1
Courtesy 5 051 . Iy ‘ —
z : L Adjust no HO, no LR
! Aq10l! + only HO
S. Papadopoulou 2 oa P : ﬂ 5107 AR
b 1 (=2 1
& h : e T
03 L ! 0 I I R I I
17:00 18:00 19:00 20:00 21:00 22:00 23:00 £ g
[ 1
Gaussian o3, - : HB1 : : AR
—_ o no HO, no LR| .
= Adjust + only HO g :
E 07r - HO¥LR -
5 | ol L
8 06} 17:00 18:00 19:00 20:00 21:00 22:00 23:00
© , time
__9 1
T 05f:
e :
c 1 8
(@] 1
£ 045
x 1
© 1

tlme

11/08/2017
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Summary and next steps

MD2202

Transverse profiles (BSRT):
-Change of VB2 profiles when wire is switched on/off.
-What happens to VB1 around 21:10, 22:30 and 23:45?
-The profile analysis is done for the full transverse profiles and for a 2 sigma cut. Using the 2
sigma cut to avoid the tails (diffraction or other instrument effects), the Gaussian and g-
Gaussian results have in general a better agreement (q— 1) for HB1, HB2 and VB2. This is
not the case for VB1, specially during the first 1 h after the Adjust.

Longitudinal profiles (only B2):
-B2 RF problem.
-Adrop in the HO+LR bunch length due to losses (at ~21:00).

Transverse bunch profiles; BSRT and WS

-The LSF factor that is used to calibrate the beam size, is just a value to get the same emittance
as for the WS. Even if it assumed to be a Gaussian for simplicity, in reality it is not. The BSRT and
the WS profiles should be compared using the same fitting function, this is the only way to get an
alternative LSF factor to be used for non-Gaussian distributions.

-The BSRT beams sizes at FT come from profiles that are fitted till the ~50% height of the right
side of the distribution. Is that always true?

Longitudinal bunch profiles
-Discussions with Helga to use updated transfer functions for high intensity bunches.
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