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Main Injector Digital Dampers

Phil Adamson

University College London

Fermilab Accelerator Division




L, 3 What is a digital dampel‘_? AU@L

Fermilab Accelerator Division

L. 2

> Concept: everything is digital * 4
. | y—l ADC i DAC | B
Install software on a new 12 bit, 212 MHz]n 12 bit, 424 MHz]n
board N /
—- Digital is reproducible FPGA
Altera Stratix
—- General purpose hardware e N
ISh to adat to FIFO Microprocessor
20 bit, 212 MH;W SHARC
MI Digital Damper ¢
Ethernet
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FC  What is a digital damper?

L. 2

> Features:
DAC: 8 x
—- 4 channels of input and
output (X,Y,Z,spare)

— 4 fast FIFOs for detailed
data acqisition

P. Adamson

University College London

Fermilab Accelerator Division

.y

UCL

'

ADC

12 bit, 212 MH4 ]n

N

\

DAC

12 bit, 424 MH7

FPGA

Altera Stratix

/

FIFO

N

Microprocessor|

SHARC

20 bit, 212 MH;W

4

MI Digital Damper

v

Ethernet
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Damper Spotting

P. Adamson ]I C]I‘
University College London

Fermilab Accelerator Division ——
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Pickups & Kickers %

> Transverse: Stripline pickups

and kickers inherited from
Main Ring

Fermilab Accelerator Division

> Longitudinal: RWM for pickup,
3 broadband cavities for kick

—- Built by Dave Wildman

—- Similar to Recycler, but
better HF response

AR AR &

e | 1 meter |-
Figure 1: Schematic drawing of Recycler Wideband RF Cavity
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# How does it work? .. %

Fermilab Accelerator Division

Longitudinal signals

> All bunches are treated as 8 [
. - — signa .
wwdmj% 7 _ - Filtered signal _ =
> FIR filter calculates change in sk ;
transverse position or + A i |
longitudinal phase. : 2

> Kick in the other direction!

JUL

0 02 04 06 038 1 12 14 16 1.8 2
Time (RF buckets)
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o G How does it work? T %

Fermilab Accelerator Division

L. 2

> All bunches are treated as —

Transverse signals

r — Stripline signal E
4Lnd&pﬁndﬂnj% 3 f— —‘Filtered signal _: -
> FIR filter calculates change in ]

transverse position or
longitudinal phase.

> Kick in the other direction!

\)
L L

i 11 | I 11 | I 11 | I 11 | I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 | ]
- 0 02 04 06 O. 1 1.2 14 16 1.8 2
Time (RF buckets)
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Clock Issues soversy oo o UCIL

Fermilab Accelerator Division

P
L. 2
> MI RF: 52.8 MHz — 53.1 MHz

%W

stays in synch with the beam

ADC

clock

> 588 clock ticks is always one
MI turn

> Cable delay RF clock to match
beam signal (so ADC samples

MI Digital Dampers, August 5 2004 — p.6/17



Signal path in damper %

Fermilab Accelerator Division ——

Calculate

= Y
ADC Kick Stripline Kicker

A

Stripline

i 7
PICkl? . Amplifier
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What can the damper do" aaaaa %
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JC. What can the damper do"
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Damping iniect At w
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— InY
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JC. What can the damper do" aaaaa %

FmIbA ItD

L. 2

C L ot
— In X
— InY

> Pinger can ping individual
bunches
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o G What can the damper do? %@%

L. 2

Fermilab Accelerator Division

> Damping injection oscillations
— In X
= InY

> Pinger can ping individual
bunches

> Can antidamp and Kill
individual bunches
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o Beam diagnostics %

Fermilab Accelerator Division

L. 2

> Damper can take data for
some or all bunches in the
machine for many turns

> (bunches * turns = 65536)
> Every Nth turn

4 soc
/T

> Plot shows a number
longitudinal phase vs bunch
and turn number

- 300

L 200

v bOCo
)

1|||||||1|I‘|||IIIIIIIIIIIIIIIIIIIIIIr G
41100411504120041250415004135041400414504150041550
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> Dampers have been/ will be
used for:

Stacking cycles
Proton Coalescing
NuMI multibatch cycles

2.5 MHz: pbar shots, fast
transfers to Recycler

Eventually damp both
2.5MHz and 53 MHz

periods during Tev shots

> Red trace: I:BLMON.

> Upper traces without
longitudinal dampers

> Lower traces with




* How does damping help me? »reneon TUCIL

Fermilab Accelerator Division

L. 2

> Dampers have been/ will be : \

210 | : : T -
—- Stacking cycles Z
—- Proton Coalescing E"E"”—g s """" E“m@*
— NuMI multibatch cycles % o WK “"
— 2.5 MHz: pbar shots, fast %
transfers to Recycler 3

bunch #
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> Dampers on (left) and off (right) for a proton coalescing cycle
> Yellow trace: longitudinal phase of the middle 53 MHz bunch

> Longitudinal dampers give better coalescing efficiency and better
longitudinal emmitance



> Transverse dampers enable
chromaticity to be lowered

Better 8 GeV lifetime




> Transverse dampers enable
chromaticity to be lowered

Better 8 GeV lifetime

> Without dampers, huge
longitudinal oscillations build

up

> NuMI needs stable,
well-behaved beam to avoid
irradiating the groundwater.....




Dampers on (at 0.75 s) Dampers off



2.5 MHz damping 2.

Fermilab Accelerator Division

_______________________________________________________________________________________________________________________________ > Protons in 2.5 MHz...

1 at turn 70,000
i > Dipole oscillations damped

> Some quadrupole oscillations
too

i 800

llllllllllllllllllllllllllll [TTrr[rrrr[rrrIT]

45 40 35 30 25 20 5 0
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UCL

Synchrotron oscillations in a
pbar shot

> The last bunches are
significantly worse, and end up
having larger longitudinal
emittances (2.6 eV s vs 2.1
eV s)

Direct impact on luminosity

The damper can fix this




Unfortunately... %

o
L. 2

Fermilab Accelerator Division

> We need to do a little more
work gl

150

> Some timing issues to under- -+ g IS4 |
stand o

100

1500 g

]0000 10 20 30 40 50 60
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Summary . . P. Adamson %

Fermilab Accelerator Division ]

o
L. 2

> Damper system is versatile & > Also coming on the damper
configurable board: a tune meter for the MI.

> Damping can help with
essentially every Ml cycle

> Good for luminosity, good for Credits
NuMi P. Adamson
> System still under heavy W. J. Ashmanskas

G. W. Foster
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