FOLLOW-UP OF THE FAST VERTICAL SINGLE-
BUNCH INSTABILITY AT SPS INJECTION

E. Métral

¢ Analysis of the time evolution
= Animation of the measurements in H and V
= Animation of the BBU theory
= Animation of the TMC theory (coupling between modes 3 and 4)

¢ Analysis of the FFTs (measurements and theory)
¢ Appendix

= Animation of a Head-Tail mode m =3 or m =4 alone

= Animation of the linear (unperturbed) head-tail phase shift for 0
chromaticity and 0.05 (which is the value of the measurements)
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MEASUREMENTS IN THE VERTICAL PLANE (1/4)

<v> [awn]

* Time [x 0.125 ns]

| 1st trace (in red) = turn 2

Last trace = turn 150

Every turn shown
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MEASUREMENTS IN THE VERTICAL PLANE (2/4)

<y> [aw] At ~ 1.25 ns
300 | < f~ 800 MHz

R e ————  Time [x 0.125 ns]

< > < >
A I At~1.1ns
& fx~1GHz & f~ 900 MHz
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MEASUREMENTS IN THE VERTICAL PLANE (3/4)

Betatron phase difference between different temporal slices with

respect to the central slice (=centre of the bunch)

Slice following the
central one by 1 ns
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MEASUREMENTS IN THE HORIZONTAL PLANE (1/3)

U A S S Time [ < 0.125 ns]
T 20 \/ 30

| 1sttrace (in red) = turn 2 || Last trace = turn 150 || Every turn shown
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MEASUREMENTS IN THE HORIZONTAL PLANE (2/3)

Betatron phase difference between different temporal slices with
respect to the central slice (=centre of the bunch)

Slice following the
central one by 1 ns

PHASE DIFFERENCE [rad ]

Slice preceding the
central one by 1 ns

Every 250 ps shown

Elias Métral, RLC meeting, 14/11/2005




_...._ _._
I N T
. . PP
P A L LML R,
- . -
+ # fﬂ + '” ++

.
+ . y
s riLme ¥ INUES INE
:
e e ahe e
+ AR IR A LS . i, +oﬁ+ -
p
" ‘e -
L e T ,malht..;ﬂr h
i
LA L L L AT
ot e
P,
ot L ¢++ ﬁ%
¥
UL B LR &
5
it S oewp e mu{ﬂwlm e
. ¥
PO S T TP - m&w -
A
44 + + F*
R A A 3 t,.”a%.
+
MR A

ired
-0 ms

DELTA

N e

g, P
LI R

s Theta i

+ .+
uM o.m +\+t.._..o

at each turn only

400

FREQUENCY [MHz]

. oHE L ohau..&n...

S

1 us are acqu

HORIZONTAL FLANE

ion depth (372 turns ~ 8.6 ms).
the fact that
iod of 23

ERETRT R

+ LEEE . ST E N

+ +F + F L

LR T I R R R

EEESE T A

0 ms

s + xts at

P e

L

sUM -

+ kEr ke o

400

FREQUENCY [MHz]

-

25 ns out of the full revolution per
HORIZONTAL PLANE -
400

FFT applied over the full acqu
The peaks at 40 MHz are due to

Q)
&
LLl
2
<
|
(a B
—
<
-
2
@)
N
n'd
O 3
LLl
.
-
z
(7p)
-
2
LLl
=
LLl
('
-
(7p)
<
LLl
p—

Elias Métral, RLC meeting, 14/11/2005

(4P] AANLITINY




BBU THEORY (1/3)

7, =40, =2.8ns B_B resonator
impedance

R, =10 MQ/m

f. =1GHz
Q=1

1st trace = turn 1 Last trace = turn 115 Every turn shown
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BBU THEORY (2/3)

BB resonator

At ~ 1 ns At ~1ns impedance
& f~ 1 GHz & f~1GHz R, =10 MQ/m
y

f =1GHz
Q=1

TIME [ns |

=40, =2.8ns

Turn 99 shown
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (1/4)

BB resonator
impedance

Q=1 R,=10MQ/m
f =1GHz

7, =40,=2.8nS
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (2/4)

=40, =2.8nS

T“"“f(fES 55SPS turns

1st trace = turn 1 Last trace = turn 115 Every turn shown
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (3/4)

=40, =2.8ns

At ~ 1.25 ns At~125ns
& f~ 800 MHz (:)f~800MHz

\ /l

Turn 100 shown
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TMC THEORY: COUPLING BETWEEN MODES 3 & 4 (4/4)
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APPENDIX 1 : Time evolution for HT mode m = 3 alone

ssuming MOSES'’s

instability rise-time

of 43 turns = lt is
for f. =700 MH

—40 r

1st trace = turn 1 Last trace = turn 115 Every turn shown
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APPENDIX 2 : Time evolution for HT mode m =4 alone

ssuming MOSES'’s

instability rise-time

of 43 turns = lt is
for f. =700 MHz

—40 r

1st trace = turn 1 Last trace = turn 115 Every turn shown
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APPENDIX 3 : Time evolution for linear HT phase shift (1/4)

7~ Head and Tail
remain in phase : 7, =40,=2.8ns

T, =308 SPS turns
5=0)

LHC Project
Report 602
(Fartoukh&Jones)

Last trace = turn 308

1st trace = turn 1 i Every turn shown
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APPENDIX 3 : Time evolution for linear HT phase shift (2/4)

7, =40,=2.8nS

T, =308 SPS turns

£, =0.05]

LHC Project
Report 602
(Fartoukh&Jones)

Last trace = turn 308

1st trace = turn 1 i Every turn shown
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APPENDIX 3 : Time evolution for linear HT phase shift (3/4)

Head and Tail
in phase
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APPENDIX 3 : Time evolution for linear HT phase shift (4/4)
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~ Maximum phase
difference between
Head and Tail

turn 150




CONCLUSION

¢ Using the classical Broad-Band impedance model of the SPS
machine (Q=1, 1 GHz, 10 MQ/m), the time evolution of the
vertical signal can be reasonably reproduced using either the
BBU or TMC formalism
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