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done at ATF2 EXT is intended for transverse jitter
originated in DR.

In DR, at start of the last turn, the bunch position and angle
are measured with a pair of BPMs, and the correction is applied
to the same bunch in EXT, using a pair of kickers. The
propagation time (feed-forward time) is about 0.4us.

correction residue << beam size
2007

1. FF Layout. Places of pickups and kickers in EXT.
2. FF Layout. Places of pickups and kickers in DR.
3. FF Matrix and FF Gain measurement.

4. BPM prototype beam test result.



1. FF elements In ATF2 EXT

The following requirements and factors are taken into
consideration:

e FF correction should be accomplished upstream of the
Diagnostic Section.

e FF correction is done for both (y, y') and (x, x'). The (y, y') is
most required.

o Preferable places for BPMs and kickers are where the beta
function comes to its maximumes.

e The optimal phase advance in a pickup pair or a kicker pair is
/2.

e A preference grade of the places for a pickup pair or a kicker
pair: a drift space, one quad in-between, two quads...



(continued)

A kicker in each pair has an adjacent pickup that is necessary
for FF matrix measurements.

For FF correction residue measurement, a FB downstream
pickup pair can be used.

A pickup is a standard EXT (X, y) 12cm strip line pickup. Some
pickups in EXT are shared by FF and FB and some of them by
the EXT Orbit system as well.

The kickers are common for FF and FB. Combining the kick
signals is done on the kicker amplifier input.

A kicker is a single plane strip line kicker. The length is
supposed to be about 30cm.
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Some conclusions and observations

The sqgrt beta values at the pickups and kickers are typically
somewhat lower than 2. This makes the requirement to the
BPM resolution as tight as 1um.

The optimal position of a kicker or a pickup may fall in the
place of other device. Combining is possible, as a steering
magnet on a kicker/pickup, etc.

A single plane strip line kicker can be similar to the KEK ILC
prototype fitted to the EXT aperture. The length with
flanges is taken as 35cm. The pickup length is taken as
15cm.

It is supposed that we know how to split the pickup signals
precisely.

Attention should be taken to imbalance of the pair of pickup
strip lines. Imbalance may deteriorate performance of the
dif-sum BPM. In advance to installation, the pickups should
be tested on a coaxial wire bench.
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e Pickup 1 is downstream of Q6 in LQ6C (93.05m), pickup 2 is
downstream of Q17 in LZV43 (115.63m).

e Vertical phase advance in the pair is /2, horizontal one is
about /4.

e These FF pickups are supposed to be special DR pickups
which are identical to the present EXT 12cm strip line
pickups.



3. TURNAROUND FEED-FORWARD CORRECTION AT THE ILC*
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MATRIX MEASUREMENT
The matmix R end the kicker matices K, . can be

mdividually measured with the beam using two pamrs of
BPMs.

To obtam a par of row mamx components, fwo
(ifferent ‘rajectories sre nececsary. To execlude error:
fromn BPM zero offsets, one can use one more reference
trajectory. T].'lE EP"-JI scale errors "]J:ulﬂd be al.en mto

solutions u:-f the R equation system for differences reads:
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where the two frajectones are denoted by 2 and b. As

triplets of rajectones, rajectories of three bunches can be
uzed that are different just dus to jitter. The matrx

Ihe accuracy of the matnx measurement can be
evaluated using the fundamental property det=1.

FEED-FORWARD GAIN ADJUSTMENT

Azsume for aimplicity that the matrix R 1c emrorless.
The correction restdue 1s:
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where & 1n the feed-forward zam matnx.

In either plane, the gam can te adjusted and momtored

using st the beam jutter being commected. The corection
residue 15 measured by the BFM psu' downsiream of the

kickers. To exclude the BPM zero offsef, one can use m
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converges to zero or at least to £|=1/D,, the gams are
correct. OUtheraise change &, by small morements/

decrements untl convergence occurs.



4. Feed-Forward BPM Resolution Test
ATF Weekly Meeting, 17 December 2007

e Objective: For a single-bunch strip-line BPM break through
to 1um resolution (a 14bit BPM).

e Two types of single bunch BPMs were tested with beam:

a FF dif-sum BPM and a BPM with multiplexing two pickup
signals into a single channel.

A set of newly designed circuits common for both the
types: Square Wave Cascaded Couplers, Low Noise Input
Amplifiers, Synchronous Detectors (SD), a Beam-Based SD
Clock, Low Noise ADC Driver.



A simplest resolution measurement method
was used:

e One pickup strip line — cable - Coupler - Splitter - two
inputs of Dif-Sum BPM.

e Another pickup strip line - cable — Coupler - Splitter -
two inputs of Multiplex BPM.

With two or more BPMs available, a more advanced
method can be used: the BPMs are connected in parallel
to same pickup. STD of difference of the readings.

e With two BPM in parallel, they should be identical. With
three or more BPMs in parallel, the resolution of each
BPM can be calculated individually.



The BPM signals at a 2GHz 14bit ADC (GFT)

TR

gl s

2 AR AT S

SAMIMLE NATE

e

M e Clack

TAMP _E
¥y loc

TRIGSZR
—H1 * Zaouce
MEZ =) Zlu_e

-1 0.50 el i

Tiy =usilion
o e—

Prealy

VCLTAD
cH3 w3

limz v Kot 1'as

El0rsco

4

- —.CE+0 10.0E-S 15.0E-2 200243

ZO0E-3

S02E-3 SI.CE-3 12.2E-3 IZ.0E-3
[+

Z0.0E-S

ain Cha nd | E-aqnasrng Jnilz ]

LHl — ™ =suu v pH3— [ 21 v

[Hz== [0 —Snrmw CHae3 [ +=nnm

HL4l

ct [ T on
IZH1 'r"
o

Ma=
oanz
I<in
0.00
Fto 2k
nn-
Mecn
[LAIIN]
1t 5
onz



Preliminary processing was done for the FF Dif-
Sum BPM, and the resolution has been calculated.

Picking up the values from the data arrays, a table can be
filled, and then standard deviation of the ‘position’ can be
calculated.

Two arrays from the recorded data were analysed.
First 30 samples were used.

No fliers were removed. It was two-three big positive and two-
three big negative fluctuations. Not knowing the distribution,
these fluctuations were retained.



6=1.6um

Really the resolution is expected somewhat better as the value
1.6um includes a contribution of amplitude jitter due to
asynchronous sampling. A BPM ADC will catch a sample at the
same moment of each shot pulse. GFT catches at moments
varying within 0.5ns. Interpolation and then Max.

Plans of further BPM development:

Optimise BPM circuits and settings.
Continue and complete Synchronous Detector investigation.

Build in the BPM an ADC with a Memory and a port of some
DAQ.

Conduct exhausting table tests.



