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Outline

 Recent Tev Schottky results
— Tune “tracking”
— Chromaticity measurement
- Momentum spread measurement
- Emittance measurement
- Effects of coupling
 LHC related studies
— Single bunch resolution for low-intensity pbars

e Conclusions and outlook
e Sales pitch for LHC Schottky

iy
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Hardware overview

Tevatron Schottky Signal Processing

.......................... - . oy
Tunnel : Service Building
I njection Calibration |
Signal |
. |
Antiprotons | Gating Down Conversion
|| S l
— ]
— o || N !
Hov |— BPF ! BPF LPF
Pickup | — |
— 100MHZ@17GHz | 5MHz @ 1.7 GHz 10MHz
p— S !
— ] |
Protond — | D - Same as above : Analog Multiplexer
|
|

Revolution Marker

> i
Bunch by Bunch 38NS Xﬁcatlorze? gnl
I" Gate Generator y

53MHz Tevatron RF i ¢
Multiplier Ethernet

Closed Circuit TV

Oscilloscope

3/15/2005 LARP meeting March 9-10, 2005 A. Jansson



L og plotter

D44

L umberjack

Data logging
at variousrates
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Java GUI

OAC parameter
control

OAC

(Open Access Client)

Sl VSA + gate control,

tunefitter, ACNET
parameters

Software overview

<
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VSA app

direct VSA control
T51

Hardware

Pick-ups, amplifiers,
gate generators, VSAS
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Schottky spectra

& TeyTuneShottky Plots
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=
@ System hardware improvements

e Installed high-level FE amplifiers on all
channels

e Bypassed noisy signal multiplexer

e Swapped out bad proton horizontal
amplifier

e Installed test high-level mixer in
proton vertical channel
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e Clearly see beam-
peam effect (on
ooth protons and
obars).

e Plan to implement
slow feedback for

T:TULPHT
InstE

T:TULPYT
.Inst2

T: TULAHT
Inst2

T:TULAWT
InstE

pbar tunes based on

these signals!
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Tune during a store

Tue B1-MAR-Z2BB5 14254238

Tunefi
OACp

24 @1:1>7 2

= Wed Feb 23 13:03:21 2883

4 B@riaz 24 13:4¢ 24 2e:@1l
T2 = Thu Fek 24 EZ8:81:83 2803
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—
@ Tev tune history

« Average tunes =
are logged

continuously 7

every store.

T:TULAYT

e Can use to
correlate with
efficiencies, E
lifetimes etc

«373 29 Mo 22 We 14 Fr BE Su 22 Mo
Tl = Mon How 29 2@8:24:42 2084 T2 = Mon Fek 28 20:24:42 2005
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Tune “tracking”

Horizontal proton tune

- {ﬁ e Measured tune tracks
o changes in set tunes
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i \”V’j TRy | very well.
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Chromaticity

Hard to make parasitic e
comparative measurements ?
systematic study not done.

e Chromaticities measured at
980GeV during a store compared
to traditional measurement (on
next ramp).

e Appear to be missing factor ~2
In vertical plane for both species.

 Not yet understood (could be
real, could be a instrument
problem).

Tz TULRHC

TaTULAYE
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Emittance

e Hoizontal proton . .

G®PE 1: Lumberjack. Plot T:TULPHE

emittance show o — 24007
large fluctuations... |... _ "
e Still some Issue with [

T:TULRYE

pbar emittance
early In store...

e Tried high-level
mixer. No : .
Improvement so far. | T S A

single ///

bunch

Esé!!;;. mode

mm @
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@ Momentum spread

e Measurement of e e siwnzs 151713

203 . ’
T:TULFHF 1#39
momentum spread
show good T e Dampe problems
i S30% ? longidinal blow up ==
agreement
- T;TUigVP - .
e Some issues early - :
T:SEDAMS
In store for pbars
(S/N ?). i g
T;SBE;MSE_4 CHEELS
1
.BEal 1
:Sggi 12 16:3¢8 12 23:25 13 Beral 13 1g:324 13 159:@g

- Tl = Fri Feb 18 16:36:55 2885 Ta = Sat Feb 13 15:@5:32 28465

NO fudge factors!!!
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=
@ High frequency vs low frequency Schottky

ok

 In alow frequency
Schottky spectra,
can separate normal
modes by frequency

° Microwave SChOttky 05 052 05 05 08 06 06 061

rely only on
directional (hor/ver)
sensitivity.
N 0.5 052 054 056 058 0.6 062 064
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Measured tune Is a - A a
weighted average of N Y

the two modes. AL
Weight is given by e >
Inclination angle a. /

Tends to bring
measured tunes back N

together.
Cancels coupling tune - 4
> ::\\ >

separation exactly in
simple model.

“We measure set tunes”

;http://beamdocs.fnal .gov/cgi-bin/public/DocDB/ShowDocument?docid=1576
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e Difference in measured

tunes from 21MHz and e #3989

1.7 GHz SChOttky show e t

effect of coupling. e (Dampef problems
] _ Hnee tuning and eventual

e More detailed analysis o .  quench Dnibom
to follow, using e.qg. =
measured coupled beta
functions.

NB. Coupling affects i
emittance and s ien N_GENg seme Gvdes s
chromaticity as well

Initial tunes measured by
; 21 MHz Schottky
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@ Single pbar bunch measurements

ok

e Found that OAC - S———— -

¥SAZ: Channel A Fhar Horiz. User selected Measurement Mode

aUtO—rang INg Was not
. -113
k' | o o e
WO r Ing In an %:EZ xmuuﬁ"/ WQ\}\WM‘ SV PN Y - ‘\\}E‘h‘.&'
- @ -12?
optimal way.
_1312212 22'13 22'14 22‘16 22'17 22'19 EEIEB 2221 2223 zazd  zees
[ J With manual tuning, :iij ¥GAZ: Channel B Phar Vert . User selected Measurement Mode
n—115
z -117

got good signal from |::
single pbar bunch at | :E———r="—
end of store.

......
22222222222222222222222222222222222222222222

Pbar bunch #29
Intensity: 19 10°
Emittance: ~17 p mm mrad

3/15/2005 LARP meeting March 9-10, 2005 A. Jansson



Single pbar tune

Ran tune fitter on
single pbar bunch with
manual input gain
control.

Observed tune
sensitivity of 5 104,
and good momentum
agreement.

Implemented triggering
of VSA internal auto-
ranging every 20 mins.

T:TULAHT
- Inst2

3/15/2005

i1=1:1

1=t

. 382

.38

]
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Wed 23-FEE-Z2@@3 @23:33:24

#4000

22 17:38@ 22 21:15
Tl = Tue Febh 22 17:38:88 26E835

23 Bl:@@ 23 @a4:45 23 @ag:ze
T& = Wed Feb 23 B2:38:86G Z2AA35

Bunch intensity: 17 10°
Emittance: ~17 p mm mrad
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Single bunch tunes

bunch-by-bunch pbar tunes

0.583
_ #4002

0.582 A [ ]

0.581 1 B

0.58 1 B

tune

0.579 + B

0.578 - B hor |-
ver

0.577 -
Train 1 Train 2 Train 3

Bunch intensities: 15-40 10° Emittances: 7-17 p mm mrad

| g— Note characteristic beam-beam signature on first and last bunches in each train!
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7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
bunch #

NO fudge factor s!!!
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Single bunch emittance

bunch-by-bunch betatron band power

jg - #4002
-~ A

Egg //\J\\ /H

o 25

520%\*/‘_/ \VM \

o 15 \,/04\‘
ci)_lO

5
0L ——

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
bunch #
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Single bunch emittance

bunch-by-bunch emittance

25
7 #4002
= ‘i:';jiv
e P e,
5 10 \ I
c
£ YW TS|
E 5
L —e— PWHEMI
O I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I +FW\/EM|
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 95.0 * TUBAHE/FBIANG
Bunch # 65.0 * TUBAVE/FBIANG

NB. Wire fly several hours before schottky measurement!
Schottky emittance scale uncalibrated (arbitrary scaling).
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Implementing new auto-ranging

Still some problems
with auto-ranging.
Found that one VSA
channel was broken,
will send for repair.
Hopefully, ‘proper’
ranging will remove
some of the strange
effects (proton
emittance, pbar
noise floor...)

=]

G®PE 1: Lumberjack. Plot

T:TULPHT
Fri

T:TULPYT
IIIII

T:TULAHT

T:TULRAYT
=t
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*.
@ Remaining Issues

e Understand pbar noise floor early In
store

e Understand cause for proton emittance
fluctuations

e Understand ramp data...
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Conclusions

e Can measure tune of a single 15 10° pbar
bunch to 5 10-4!l!

« Tune measurement is affected by coupling, In
a “predictable” way.

 Very good momentum spread agreement.

e Qualitative emittance agreement for pbars,
need to understand proton signals better.

e Chromaticity measurement need more work.

e Considering implementing slow tune feedback
based on 1.7 GHz Schottky readings.
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LHC sales pitch

LHC Project Document No.

LHC-B-ES-0009 rev 1.0

5. EXPECTED TOLERAMNCES ON THE
OBSERVABLES/PARAMETERS

The analysis of the expected tolerances of the beam dynamics to vanations in
the beam paramelers is done to identify the requirements on accuracy for the
netruments.

5.1 TWNE AMND TUNE SPREAD

Tracking studies at injection (LHY v&.0, [15]) show that the LEC working point is
gcabed almost at the cemtre of a stadility sland with 8 width corresponding Lo
AWQ0=40.010, The tolerance on Che tures can be deduced Trom this abservation, after
subtracting tune spreeds and modulations [12, section 2,3.21: 2 10 for the amplitude
getuning, 2 107 for the chrome-geometric detuning 2 103 for the lingar part of the
chromatic tune modulation and 1 107 for the non-linear part. This leaves a tolerance
A=+ 3 107 for the adjustment of the central betatron tunes at injection.

In callision, the machine operates cleser to the diaganal with a tune splic of Q,-
Qu.=0.01, which correspands roughly to the tune soread induced by the beam-beam
effects. A safe operation af the LHC in colksion requests a centrol of the betatron
tunes with an sccuracy better than AQ=0.001, i.e. better than 10% of the tune
separation

Several mechanisms maw induce a tune soread amongst the bunches

The eledron doud produces a tune shift which depends on the bunch position in a
batch, & tune shift of the order 0.005-0.01 along & train has besn observed at KEKB
gnd in the SPS [16] and should be expected during the beam scrubbing.

- _The Pacman effect induces a beam-beam lincar tune shift which depends on the

beam position, [ts value s 0.001 fgr the nominel alternate crossing and might reach

0.00% if other crossing schemes remain possible [8]
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12.6

BUNCH SELECTIVITY FOR THE MEASUREMENTS

In most cases, the beam average of the tunes, chromaticities,.,. are appropriate
This mode should be considered as the prionty mode of eperation for LHC in terms of
avallablity and accuracy The idenbficabion of the e-cloud effect would benefit from a
bunch-by-bunch measuremeant of the tunes. When the machine perfarmance reaches
the nominal lewvel, a burch by bunch measurement of the tunes and possibly of
chromaticty Is likely to become necessary. The measurement of the amplibede
detuning and of the bearm-beam transfar function requires a5 well a bunch-by-bunch
measurement. The bunch-by-bunch mode is thus demanded to be available from the
beginning as & commissicning tool, whether or net the precision targets are iniially
reachind

Microwave TW Schottky
provides passive bunch-
by-bunch tune
measurement (and more).

CERN Is requesting this!
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@ Final words of ancient wisdom

e The LHC will undoubtedly encounter
numerous problems during commissioning
and early running. Many are foreseen,
some may well be surprises.

 Having proper instrumentation there
from the start will certainly help
diagnose these issues and reach higher
luminosity, faster.

i
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@ LARP project criteria

MR&D - we are still trying to understand
the signals Iin the Tevatron.

M Commissioning — would require people on
location to commission devices.

M Luminosity - will help understand the
machine, and hence increase luminosity.
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