Intensity effects

CASES:

1. 1+ 12 + 36 bunches injections intensity 6*10°
2. 1 + 12 + 36 bunches injections intensity 8*1010
3. 1+ 12+ 36 bunches injections intensity 10-11*1010

Observations and Conclusions:

. Coherent oscillations on tail bunches
. Oscillations are damped after injection
. Damping time of the oscillation increases for higher intensities



displacement + offset

1) 1+12+36 at slot 1501 Intensity 6*1019

File b2 22h22 12+36 1Nov.
-First 3 bunches nothing visible.
-Slots 1535 and 1537 show an external transverse kick in vertical plane.

-Tail bunches show coherent motion before and after the kick on central ones
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In frequency domain:
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Previous measurements corresponds to emittance measurements from
federico:
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2)1+12+36 at slot 1501 Intensity 8*1070

File b1 23h33 _12+36 1Nov B1 |.@
-First 6 bunches nothing visible.

-Slots 1565,1569 and 1571 show “damped instability” in vertical on 1 BPM(Q7)

only the second seems shifted(Q9) Instrument issue?
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5 minutes after nothing
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In frequency domain:
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3) 1+12+36 at slot 1501 10-11*10"9

Same as previous Q’= +10 both beams H/V planes

File b1 01h16_12+36 2 Nov

-First 6 bunches nothing visible.
-Slots 1565,1569 and 1571 show “growing oscillations” but saturating in vertical on 1
BPM(Q7) only the second seems shifted(Q9) Instrument issue again?
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In frequency domain:
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2 minutes after still something
15 minutes after nothing left

Nothing so visible in time domain:

nfs_local/adt_bl_01h17_12+36_bunches_8el0.dat
ADTBposVerQ9RB1

10000

8000 |

6000

displacement + offset

—2000

—4000

4000 |-

2000

— bunch 1571
— bunch 1569 ||
bunch 1565

bunch 1537
bunch 1535 []
bunch 1503
— bunch 1501 ||
bunch 51

5000

10000 15000 20000 25000 30000 35000 40000 45000
turns

In frequency domain:
R

nfs_local/adt_bl_01h17_12+36_bunches_8el0.dat
HorQ7LB1 bunch 1569

130 4 130t 8
120} 1 120} .
110+ 4 110t g
100 | {1 100} |
90 : 90 8
80 | {1 8o} .
70 MWW 70 WWW”MW
€0260280300320340360.38040 %.260280.300.320.34 036038
VerQ7RB1 bunch 1569 VerQ9RB1 bunc 1569
140 . : K . . : 140 : . . . .
130 {1 130} |
120 41 120t 8
110} {1 110} .
100 4 100} E
90 90
80 80

70

6(5).26 0.28 0.300.32 0.34 0.36 0.38 0.40 6(9.26 0.280.300.320.34 0.36 0.38 0.40

HorQ9LB1 bunch 1569

70

0.40

140
130
120
110
100
90
80
70
%
140
130
120
110
100
90
80
70

nfs_local/adt_bl_01h17_12+36_bunches_8el0.dat

HorQ7LB1 bunch 1565

HorQ9LB1 bunch 1565

T T T

130
120
110
100

T T T T

260\/28%30032034036038040 8

RB1 bunch 1565

260280300320340 60 80.40

erQ9RB1 bunch 156

T T T T T T

140
130
120
110
100
90
80
70

T T T T T

6(()).26 0.28 0.300.320.34 0.36 0.38 0.40 68.26 0.280.300.320.34 0.36 0.38 0.40

nfs_local/adt_bl_01h17_12+36_bunches_8el0.dat

HorQ7LB1 bunch 1571

HorQ9LB1 bunch 1571

130
120
110
100
90
80

70

T T

6(8)260280300320340 6 0.

0.40

6 0.38 0.40 38
er )7RB1 bunch 1571 VerQ9RB1 bunch 1571
140 . . . . 140 . : , : . -
130 {1 130 :
120 41 120 :
110} 1 110 .
100 |- 1 100 .
90
80
70

68.26 0.28 0.300.320.34 0.36 0.38 0.40 68.26 0.28 0.300.320.34 0.36 0.38 0.40



Train spacing i |M m ceey (G

CASES:

1. 1+ 12@501 +24 @1500 + 1350ns delay + 24@2500
2. 1+ 12@501 +24 @1500 + 1000ns delay + 24@2370
3. 1+12@501 +24 @1500 + 1850ns delay + 24@2700

Observations and Conclusions:

. Coherent oscillations on tail bunches only when second beam in!
. Oscillations are damped after some minutes from injection
. Multiple picks for case with 1000ns spacing



140
130
120
110
100

1) 1+ 12@501 +24 @1500 + 1350ns delay + 24@2500
B1, B2

File b1/b2 case 1... 2Nov.
-First bunch no signal
-Vertical oscillations

nfs_local/adt_bl_12h38_12_24+24_casel.dat

HorQ7LB1 bunch 277

HorQ9LB1 bunch 277

T T T T T T

130
120
110
100

.26 0.28 0.30 0.32 0.

T T T T T T

3
VerQ9RB1 bu

6(9.26 0.28 0.300.32 0.34 0.36 0.38 0.40 68

130
120
110
100
90
80
70
%
140
130
120
110
100
90
80
70

26 0.280.300.320.34 0.36 0.38 0.

nfs_local/adt_b2_12h38_12_24+24_casel.dat
HorQ9RB2 bunch 277

HorQ7RB2 bunch 277

40

T T T T T T

60.3
VerQ7LB2 bunch 277

260.28 0.300.32 0.34 0.36 0.38 0.40 68.

140

T T T T T T

26 0.28 0.30 0.32 0.34 0.36 0.38 0.
VerQ9LB2 bunch 277

T T T T T

130
120
110
100
90
80
70

T T T T T T

6(9.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 6(9.

26 0.280.300.320.34 0.36 0.38 0.

40

HorQ7LB1 bunch 279

nfs_local/adt_bl_12h38_12_24+24 casel.dat

HorQ9LB1 bunch 279

140 140
130} 1 130t 1
120} 1 120} 1
110} 1 110} 1
100 | 1 100} 1
90| 1 90t 1
80| {1 8o} 1
70L 1 70t ]
0026 0.28 0.300.32 0.34 0.36 0.38 0.40 20,26 0.28 0,30 0.32 0.34 0.36 0.38 0.40
VerQ7RB1 bunch 279 VerQ9RB1 bunch 279
140 ——— 140 _—
130} 1 130t 1
120 1 120t 1
110} 1 110} 1
100} 4 100} 1
90| 1 90t 1
80| 1 sof 1
70 1 70L J

68.26 0.28 0.300.320.340.36 0.38 0.40 6(9426 0.280.300.320.34 0.36 0.38 0.40

HorQ7RB2 bunch 279

nfs_local/adt_b2_12h38_12 24+24 casel.dat

HorQ9RB2 bunch 279

140 T T T T
130 1 130 1
120} 1 120 R
110} 4 110 R
100 | 4 100 1
90 4 90f 1
80 41 80
70 | 4 70 J

A i !

66).26 0.28 0.300.32 0.34 0.36 0.38 0.40 68.26 0.280.300.32 0.34 0.36 0.38 0.40

VerQ7LB2 bunch 279

VerQ9LB2 bunch 279

140 T T T T 140 T T T T

130 4 130f 1

120 1 120f 1

110} 41 110 R

100 | 41 100 8
90 1 90 1
80 1 80 1
70 4 70 R

68.26 o.is 0.300.32 0.54 0.56 0.380.40 68.26 0.280.300.32 0.34 0.36 0.38 0.40

140
130
120
110
100
90
80
70

68.26 0.28 0.30 0.

140
130
120
110
100
90
80
70
AN

Slot 251

nfs_local/adt_bl_12h38_12_24+24 _casel.dat

HorQ7LB1 bunch 287

HorQ9LB1 bunch 287

! ! ! !

130+
120
110+
100 |
90
80
70

320.340.36 0.38 0.40
VerQ7RB1 bunch 287

6(9.26 0.280.300.320.34 0.36 0.38 0.40

VerQ9RB1 bunch 287

140
130+
120+
110+
100 |
90
80
70
AN

nfs_local/adt_b2_12h38_12_24+24_casel.dat

130
120+
110+
100
90
80
70

6826 0.28 0.30 0.32 0.34 0.36 0.38 0.40 68.26 0.280.30 0.32 0.34 0.36 0.38 0.40
VerQ9LB2 bunch 287

HorQ7RB2 bunch 287

T T T

VerQ7LB2 bunch 287

130
120+
110}
100 -
90
80
70

HorQ9RB2 bunch 287

T T T

140 T T T T T T 140 T T T T T T
130 1 130f 1
120 1 120 1
110 4 110 E
100 - 4 100 1
90 41 90 1
80 41 80f 1
70 - 4 70 5

68.26 0.28 0.300.32 0.34 0.36 0.38 0.40 6(9.26 0.28 0.300.320.34 0.36 0.38 0.40



2) 1+ 12@501 +24 @1500 + 1000ns delay + 24@2370I

B1, B2
File b2 12h38 12 24+24... 2Nov.
-First bunches no signal
-Vertical oscillations only when beam 2 injected on beam 2 (no measurements

of beam!) o | Slot 237
-coherent transverse oscillation damped after approx 4 minute

B S 1000n:

nfs_local/adt_b2_13h1912_24_1000ns_24_case2.dat
HorQ7RB2 bunch 281 140 HorQ9RB2 bunch 281

14
130 130
120 120
110 110
100 100 |
90 90
80 |-

70 Wiy Ann gl

38040 %0260.280300.32

80
70
€826 0.260.300.320.34 0.3

60 0.34 0.36 0.38 0.40
VerQ7LB2 bunch 281 VerQ9LB2 bunch 281
140 - —_— - 140 - —
130 130
120+ 120+
110 110 -
100 100 -

90 1
80 |- 1
70

€826 0.260.300.320.34 0.36 0.380.40 20,26 0.28 0.30 0.32 0.34 0.36 0.38 0.40

nfs_local/adt_b2_13h1912_24_1000ns_24_case2.dat
HorQ7RB2 bunch 277 140 HorQ9RB2 bunch 277

140
130} 4 130f
120} 1 120}
1101 | 110l nfs_local/adt_b2_13h1912_24_1000ns_24_case2.dat
HorQ7RB2 bunch 279 HorQ9RB2 bunch 279
100 | 4 100 1 140 T T T T T T 140 T T T T T T
90 1 90f 1 130} 1 130t
80l 1 sol J 120 | 1 120}
7O Bttt ot 70 il AN mor 1 nr
68 A 1 . . . A 68 ! . . . . . 100 | 4 100}
.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 .26 0.28 0.30 0.32 0.34 0.36 0.38 0.40
VerQ7LB2 bunch 277 VerQ9LB2 bunch 277 90| 1 90r
140 T T T T T T 140 T T T T T T 80 | 1 8ol
130+ 4 1301 R 70 | 1 70t
120+ 1 120} 6 6 ! N
826 0.28 0,30 0.32 0.34 0.36 0.38 0.40 0,26 0.28 0,30 0.32 0.34 0.36 0.38 0.40
110 1 110f 1 VerQ7LB2 bunch 279 VerQ9LB2 bunch 279
100 | 1 100} 140 T T T T T T 140 T T T T T T
90l 1 9ol 130 F 1 130t
80 1 80 120 1 120}
70 70 110} 1 110}
6 L 1 1 1 1 L 6 L 1 1 1 1 L 100 [ 1 100 [
8.26 0.28 0.300.32 0.34 0.36 0.38 0.40 8.26 0.280.300.32 0.34 0.36 0.38 0.40 90| 1 a0l
80 | 1 80t
70} 1 70t

68.26 0.28 0.300.320.340.36 0.I38 0.40 68.26 0.280.300.320.34 0.36 0.38 0.40



3) 1+ 12@501 +24 @1500 + 1850ns delay + 24@2700 |

1,82 |l FEEETH 1850ns
File b2 case3.. 2Nov.

-First bunches no signal l:
-Vertical oscillations only when beam 2 injected on beam 2 (no measurements -
of beam1) Slot 271

nfs_local/adt_b2_12h38_12_24+24_case3.dat
HorQ7RB2 bunch 315 140 HorQ9RB2 bunch 315

T T T T T T T T T T T T

130 1 130} b
120 4 120} E
110 4 110} E
100 4 100} :
90 41 90t :
80 41 80F :
70 | 41 70 8

68.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 68.26 0.280.300.32 0.34 0.36 0.38 0.40

VerQ7LB2 bunch 315 VerQ9LB2 bunch 315
140 - - - - - - 140 - - - - - T
130 1 130t 1
120 + 1 120t 1
110+ 4 110} E
100 4 100} E
nfs_local/adt_b2_12h38_12_24+24_case3.dat 90 1 90f A
HorQ7RB2 bunch 309 HorQ9RB2 bunch 309 80 1 80f 1
140 T T T T T T 140 T T T T T T
70 | 1 70t 1
130 B 1 130 [ 6 1 1 1 1 1 1 6 1 L 1
1201 1 120l 826028 0.300.52 0.34 0.36 0.38 0.40 .26 0.28 0.30 0.32 0.34 0.36 0.38 0.40
110 - {1 110t
1001} 1 100k nfs_local/adt_b2_12h38_12_24+24_case3.dat MIS_lotayaul_DZ_LZN50_LlZ_s4+£4_Cdses.ual
HorQ7RB2 bunch 311 HorQ9RB2 bunch 311 HorQ7RB2 bunch 313 HorQ9RB2 bunch 313
90 1 90f 140 - - - - - - 140 T T - T T T 140 - T - - - - 140 r T T T T T
80 {1 8ot 130 4 130f - 130+ 41 130}
70 + {1 70t 120} 1 120} - 120+ 1 120}
68 68 L L 110 4 110t - 110+ 4 110}
.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0
VerQ7LB2 bunch 309 VerQ9LB2 bunch 309 100 1 100 : 100 - 1 100f
140 — 140 —_— ool 1 ool : 90l 1 ool
130 1 130f 80 | 41 80} - 80 {1 80}
120 - 1 1201 70| 1 70t - 70 | 1 70}
110 - {1 110t 69 69 69 69
.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0. .26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40
100 | 4 100} VerQ7LB2 bunch 311 VerQ9LB2 bunch 311 VerQ7LB2 bunch 313 VerQ9LB2 bunch 313
140 - - - - - - 140 - - - - T T 140 - T T T r T 140 T T T T T T
90} 1 90r 130 130 130 130
80 - {1 8of I 1 I
70| { 70} 120 { 120f . 120} 1 120}
110} 1 110} - 110 1 110}
026028 0.300.320.340.36 0.380.40 826 0.280.300.320.34 0.360.38 0 100 4 100} - 100 - 1 100}
90| 41 90f - 90 4 9of
80 1 80f - 80 - {1 8ot
70 | 4 70F - 70 L 4 70}

6 L ) b 6 A h | d f 1 n L !
8.26 0.28 0.300.320.340.36 0.38 0.40 8.26 0.280.300.320.34 0.36 0.38 0. 68.26 0.28 0.300.32 0.34 0.36 0.38 0.40 68.26 0.28 0.300.320.34 0.36 0.38 0.40



24 bunch trains Ty T 1R
effects of numberof : |m o B
trains

CASES:

1. 1+ 12@501 + 4 trains of 24 bunches B1 + 3 in B2 DAMP
2. 1+ 12@501 + 4 trains of 24 bunches B1 + 4 in B2 losses

Observations and Conclusions:

. First attempt to inject 4t train B1 beam Damped

. Injected 4t train B1 no problem and when injected B2 losses
started on both beams on 3™ and 4™ trains

. B2 Vertical Coherent oscillations on tail bunches when injected

. Oscillations are damped after some minutes from injection

. Tune shift?



18t try injecting 4t train B1 beam was DAMPED

nfs_local/adt bl 15h10 12 24 case4 a l.dat

ADTBposHorQ9LB1
20000 r T r

T

15000

T

10000

5000

bunch 275
bunch 273
bunch 271
bunch 269
bunch 263
bunch 261
bunch 255
bunch 251

displacement + offset

-5000

—10000

0 5000
turns

In time domain:

10000 15000 20000 25000 30000 35000 40000

45000

displacement + off:

6000

4000

2000

—2000

—-4000

B1

B2

nfs_local/adt_bl_15h10_12_24 case4_a_l.dat

ADTBposVerQ9RB1

T

T

bunch 275
bunch 273
bunch 271
bunch 269
bunch 263
bunch 261
bunch 255
bunch 251

0

5000

10000 15000 20000 25000 30000 35000 40000 45000

turns




nfs_local/adt_bl_15h10_12_24 case4_a_l.dat

HorQ7LB1 bunch 251

HorQ9LB1 bunch 251

140 140

130 130

120 120

110 110

100 100

90 90

80 80

70 70

%00 01 02 03 04 o5 Q0 01 o2 03 04
VerQ7RB1 bunch 251 VerQ9RB1 bunch 251

140 : r . r 140 - ‘ - -

130 {1 130} |

120 1 120 8

110 110

100 100

90 90

80
70

69,

In frequency

nfs_local/adt_bl_15h10_12_ 24 case4_a_l.dat

HorQ7LB1 bunch 273

HorQ9LB1 bunch 273

1 ! 1 !

130
120
110
100
90
80
70

0.1 0.2 0.3 0.4
VerQ7RB1 bunch 273

%0

140

0.1 0.2 0.3 0.4
VerQ9RB1 bunch 273

130
120
110
100
90
80
70

%%,

nfs_local/adt_bl_15h10_12_24 case4_a_l.dat
HorQ7LB1 bunch 269 140 HorQ9LB1 bunch 269

%00 01 02 03 o024 o5 Q0 01 02 03 04 05
VerQ7RB1 bunch 269 VerQ9RB1 bunch 269

domain b1 4t train when injected and damped:

nfs_local/adt_bl_15h10_12_24 case4_a_l.dat

HorQ7LB1 bunch 275 HorQ9LB1 bunch 275
140 : - - - 140 - - - -
130 130
120 120
110 110
100 100
90 90
80 80
70 70+
0 01 02 03 02 05 %90 01 02 03 02
VerQ7RB1 bunch 275 VerQ9RB1 bunch 275
140 ’ r y : 140 ; : - -
130} 1 130}
120 120

110
100
90
80
70

110
100
90
80
70

) %Q.




Same as previous Q’= +10 both beams H/V planes

o [N . .
> 1N I I ()

In time domain:

02/11/2010 adt_b2_15h53_12 24 case7_a.dat ADTBposHorQ7RB2

20000

15000 |

10000 e camagimerettmesespe :
02/11/2010 adt_b2_15h53_12_ 24 case7_a.dat ADTBposVerQ7LB2
- P 25000 F T T T T T T =

5000 - o

20000

24000 24500 25000 25500 26000 26500 27000 27500

15000 . ~p. prtdbe 1
i

10000 R 1

24000 26000 28000 30000 32000 34000



In frequency domain b2 when injected: tune shift??

nfs_local/adt b2 15h53 12 24 case7 a.dat

After 15 minutes

ADTBposVerQ9LB2
140 I I I |
bunch 535
130 F bunch 533 |
bunch 531
120 | bunch 529 ||
bunch 527
110 | bunch 521 |
bunch 517

100

90

80

70

8 25 0.30 035 0.40

0.45

7 0.50



LHC FBCT Intensity History

I(total) B1: 1.15e+13 I(total) B2: 9.14e+12
FBCT - Beam Intensity History (last 30s with 20ms resolution)
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After injecting B2 4! train beams
were loosing and emittances
evolution as shown b2 mainly
vertical b1 horizontal?
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Since we keep loosing we checked on B1 scillations
mainly in Horizontal plane

In time domain:

displacement + offset

nfs_local/adt_bl 16h00_12 24 case7_a.dat

ADTBposHorQ7LB1
18000 T T T T T T T T
— bunch 535
16000 —— bunch 533 |-
g DUNCch 531
14000 F —— bunch 529 []
e —  bunch 527
120001 bunch 521 |
e I T e e ST ey
100001 bunch 517 |
— bunch 491
e e e e
8000 | |
6000 |- ]
T
4000 | |
2000} |
005000 10000 15000 20000 25000 30000 35000 40000 45000

turns

displacement + offset

s | I
2 | 1 I

nfs_local/adt_bl 16h00_12 24 case7_a.dat

ADTBposVerQ9RB1
12000 T T T T T T T T
—~ e ] — bunch 535
10000 |- — bunch 533 ||
R i U By bunch 531
8000 L — bunch 529 |
6000 |- bunch 521 ||
e e e e e et e —— PUNCh 517
4000 | — bunch 491 ||
i T
2000 .
O - N
e e e st e, O s T
—2000 R ™ e o, P e gt e
—-4000

turns

0 5000 10000 15000 20000 25000 30000 35000 40000 45000



140
130
120

110+

100
90
80
70
6

O

140
130
120
110
100
90
80
70

.

140

120
110
100
90
80
70
%
140
130
120
110
100
90
80

70

nfs_local/adt_bl_16h00_12_24_case7_a.dat

HorQ7LB1 bunch 491

HorQ9LB1 bunch 491

260280300 20340360.380.

VerQ7

)26 0.28 0,30 0.32 0.34 0.36 0.38 0.

B1l bunch 491

" o

I\
bl Laad Y

S

VerQ9RB1 bunch 491

68.26 0.28 0.300.320.340.36 0.38 0.40 6(9.

Ho

nfs_local/adt_bl_16h00_12 24 case7_a.dat
HorQ9LB1 bunch 531

rQ7LB1 bunch 531

130+
4 1201+
110+
100
90
80
70 |

h A

260.28
e

rQ7RB1 bunch 531

OOZI‘IO 0.320.340.36 0.38 0.40 68.26 0. 28 0Q30 0.320.34 0.3

B1 in frequency
domain while
beam losses

ongoing
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