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Introduction/Experience with moving beam pipe in
HERA

Some comments and experiences:

1.

2.
3.
4

Commercial System (Eddy current)
Hydrostatic Level System (HLS)

Stretched Wire (Wire Position Monitor, WPM)
PETRAIIl: MOMO (Movement Monitor)

High resolution BPM System for PETRAIII (very
brief)



(iﬁ Moving beam pipe in HERA E’%\i

SCATTERED ELECTRONS

CALORIMETER, NO POSITION
MEAS. REQQUIRED

F -
—=

cAaA. 15 MM

cCA. 5 M

# NO PROBLEMS DURING 5-10 YEARS OF DPERATION
# USING STEP MOTORS LIKE AT THE COLLIMATORS
# PRECISION ABOUT 1/10 MM
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Girder for PETRAIII (a8

Girders
‘Single V" rollers ‘Double V' rollers ‘Flat’ Roller ’Ej % %

410 5 excentic
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All 72 girders are mountad on motorised cams. The arrangement of cams
allows the load-free support of the girder obtained by the use of a kinematic
support but with the benefit of 4 point load bearing. These pictures show the
motorised cams and housings mounted onto the girder pedestals.

A 6m long girder has been load tested with weights representing magnets.
Deflection and vibration measurements have been carried out.

Service routings in modern accelerator installations are always a challenge and
this view shows the installation of 4 layers of cable tray alongside an installed
girder. The dipole cable installation has had particular attention to ensure that
each of the 8 cables is laid alongside an opposite feed or return current
carrying cable so as to balance stray magnetic fields.
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ﬁ o R Betriebsanleitung

| @ Instruction Manual BEPENCDT 6100

The movement between of the BPMs
(relative to ground) should be

= measured with a resolution of about 1
um (near undulators). Different

# 8 technical solutions are under study.
Two commercial systems had arrived
BerGhrungaloses ! last week. Test are under way. Also an

Wegmesssystem auf ' : . alternative solution by using a wire
Wirbelstrombasis | Betriehsanieltung alignment system like in HERA will be
eddyNCDT 3700 | | i died
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Funktionsbeschreibung, Technische Daten

Commercial system
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Systembeschreibung

1 23 Technische Daten
o 0 =
= 5 o T T o
— [=] (=] -
212|388 3 R I - A
= 7] 7] %) %) O O O O
Messbereich MB mm| 0.2 | 0,5 1 1 2 3 5 10
Linearitat Standard <0,3 % d.M.
SE Einzelabgleich? <0,1 % d.M.
Auflésung <0,015 % d.M.
Messwerkstoffe Elektrisch leitende Werkstoffe, Referenz: Aluminium
Aktive Sensormessflache o,mm| 23 | 3,9 55 55 7.9 98 | 126|178
Mindesdurchmesser Messobjekt 5 7 9 9 17 27 37 57
Betriebstemperatur Sensor| -50 .. +150 °C |bis +200°C -50 ... +150 °C
Controller +10 ... +50 °C
Luftfeuchtigkeit 5 ... 95 %, nicht kondensierend
Lagertemperatur -10 .. +75 °C
i, = i Empfindlichkeit Vi 5020 [10] 10 | 5 [3388] 2 | 1
Messbereichs THpTCNCIKE: AL !
Standard 0..+10VDC (kuzschlussfest)
Min. Lastwiderstand 1.2 kOhm
Ausgang Max. Lastkapazitit 1 nF
Option | 4 ... 20 mA, Birde max. 400 Ohm
Seite 10 X9750111-B010095MSC

nische Daten

Einkanal-System Zweikanal-System

Differenzsystem

Grenzfrequenz (-3 dB)

2| 5nlBn|Bn|Ea|8alfal@nl@n|8n|8x 8|8
B ESIE3 (50|58 |53|58 |58 58 58|58 58 58
SELIEI|Ra|BE BRI RPhPe |BEEZ|IES|IES
Sloo>jow oD |2 |ccow o2 oD (ad|low (a2 o
Messbereich MB mm 1 1 3 [:] 1 1 3 [:] 0,5 05 15 a
Messbereichsanfang MBA mm| 01|01 (03|06 | 01| 01|03 |06 |01 01| 03|06
Sensom od ell 1 51 ui | ue u 51 ui | ue u 1 uz | ue
Messprinzip berihungsloses Wirb elstrom-Verfahren
Messwerkstoffe nicht-ferromagnetische Metalle (Referenz: Aluminium)
Linearitat ' +6 % d.M. *1 % dM
Reproduzierbarkeit < 0,001 % d.M. < 0,0005 % d.M.
- 0,000015 % d.M. 0,000008 % d.M.
Auflésung
(Rtaisch) nm 0,15 | 0,45 | 09 | 0,15 | 045 | 09 0,08 |0.23 | 0,45
Aufldsung 0,00015 % d.M. 0,00008 % d.M.
(dynamisch)
@RMS, fg = 1 kHz nm 15 | 45 | 9 | 15 | 4,5 | ) 08 |2.25| 45
10 kHz

1) Abweichung von der idealen Gerade

Seite 12

X9750106-A010033MSC



f Commercial system, test results in PETRAII 5%;{

* No success, no data, system stopped function due to
radiation (hot area) within a day.

 Reset-able, but no continuous data taken.
* Decision: Use radiation resistive systems, like in HERA
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Sensing Electranic
Electrode Caramic
: - plate

LIrasound
Prob-g

Figure 2: Functional cross section diagram of an HLS

" Figure 3: Functional cross section diagram of an HLS
capacitive sensor -

ultrasonnd sensor.

The system consists of two types of HLS sensors, which complement each other. One sensor type is
based on capacitive measurements, which has the advantage of being widely used and having a lower
the 5 mm measurement range. A disadvantage of this sensor type is that capacitive sensors drift by
about 1 — 2 ym per month due to aging of electronic components.

The second type of sensor is based on ultrasonic runtime measurements, see Figure 3. The
measurements are self calibrating and therefore no drifts are expected. The repeatability of the sensor

is 1 ym with an accuracy of 5 ym over the 5 mm measurement range. Since the ultrasound sensors
provide actual height differences to the water surface they can be

used to calibrate the capacitive sensors. SLAC-PUB-12098

ELECTRON BEAM ALIGNMENT STRATEGY IN THE LCLS
UNDULATORS *

H.-D. Nuhn™, PJ. Emma, GL. Gassner, C. M. LeCocq. F. Peters. R E. Ruland, Stanford Linear
Accelerator Center, 2575 Sand Hill Road. Menlo Park, CA 94025, US.A.




I, HLS (5%)

wene 2.2 1. HLS Test o/

GEMEIN

To fulfil the lugh alignment requurements for a linear collider at the TeV range a free
surface hydrostatic levelling system with i situ calibration has been developed in cooperation
with the Bauhaus-Umiversity Weimar. First tests of this system have taken place in a water adit
near Katzhiitte in the Thuringian Forest [1]. For a test under real accelerator conditions with
ground motion and vibrations two of these systems were mounted i the HEFEA mnnel (Fig.3).
One at the highest place under a road with heavy traffic the other at the lowest part under the
groundwater level in a quiet place. No significant movements have been seen vet (Fig. 6).
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Fig 5 HLS Sensor in HERA Fig. 6 First HLS Results at HERA

IWAAZQS, CERM, Geneva, 4-7 October 2002

STATUS REPORT ON SURVEY AND ALIGNMENT EFFORTS AT DESY

Johannes J. Prenting, Gerhard Neubauer, DESY, 22007 Hamburg, Germany




HLS in PETRA I




HLS in PETRA I

There was corrosion in the test
System at PETRAII.
Lots of synchrotron radiation!?!

PETRA(IIl)-HLS Markus Schiosser  pyomp g 20.10.2005
Daniel Kamtner
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L HLS 350
* This system should detect vertical movements
of the PETRAIII girders

In CTF2, six HLSs monitor the

stability of the concrete girder
supporting the accelerator.

In CTF2, 34 WPS-sensors are
installed on the girders and the
quadrupoles.

.
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Fig. 10: Instrumentation imm CTE2 (photo 1)
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Position-monitor and nearby tubes are freely
moveable relative to the stretched wire. Weight
Figure 2 Principle scheme of the stretched wire position system,
WPM 1 2 3 4 5 6 7
1 1 1 1 1 1 1
3) WPM e e oy L o
) [ 1 [ 1 — T [ 1
Coaxial cable
T RF Generator - 1
:l—" RF Receiver
—————— =il
LCLS-TN-05-7 = T T T Multiplexer
First Measurements and Results . —
With a Stretched Wire Test Setup
ADC s

Franz Peters, Georg Gassner,
Robert Ruland

February 2005

SLAC

Drata acquisition &
Svstem control PC

Figure 4 Wire system test set up - electrical layout and control -
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Transverse position of quadrupoles can be determined within 0.5 ym (rms) by measurements
of support temperatures within *0.1 K. As extensive test measurements have shown [11], the
readout resolution of the WPM system is much better than 100 nm and instrument drifts are
lower than 100 nm per day. Due to the unavoidable large sag of long wires, the uncertainty of the
wires in vertical direction will be higher than one micrometer, which is the required design objective
for the quadrupoles. Therefore, the vertical position of both wires will be correlated to the horizontal

plain defined by the Hydrostatic Leveling System.

EEEEEEEE

Undulator Quadrupole Wire Position Momtor
Granite Plate ™, |/ -/ !
|
Fogale WPS Sensor T i
Undulator ] Wire 1 I
Wire — N4 B | - Beam P4
B O = . |
I I | B Wire? —— il
=5 Girder Girder
Reference socket for \
Wire Finder Guadrupole
Cross section Front view

System arrangements for the WPM system LCLS
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mounted
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Wire

FFTB / SLAC
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Figurell Corvelation of wire position with aiv temperature swings, generated by air condivion duty cyeles
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Va HERA WPM 802
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e WPM 29
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» Experience from HERA:

— Long wires disturbed always any kind of service
on magnets, water, cables, ...

— due to services, wires often got huge offsets,
shorts, dismounted, ...

NO LONG WIRES IN PETRAIII



4) MOMO side view N
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20 um/div

0.004

0.002

1 108 215 322 429 536 643 750 857 964 1071 1178 1285 1392 1499 1606 1713 1820 1927 2034 2141 2248 2355 2462 2569 2676

min

OMO prototype

Elektronik- & Anzeige- Aqu63ung|

20 nm/div

-0.49912

-0.49914

mm

-0.49916

-0.49918

-0.4992

-0.49922

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 131 136 141 146 151 156 161 166 171 176 181
Minuten




f 5) BPM requirements for fast orbit correction

EEEEEEEE

=> Sub micron or bit stability
=> 0.2 um resolution at 300 Hz bandwidth

Part |: Readout electronic

Very close cooperation with
WP Feedback.

Decision: Before buying
extensive tests of electronic

NnanNnoaccarv:
1HHouvuouoodl y .

» Slow orbit resolution
» Fast data readout for fast
orbit feedback.

Same system also used in Diamond, Soleil.
Planned for ALBA, ESRF...
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Absolute accuracy

1) Regular beam based alignment foreseen

2) Small electronic drifts:

B-hour stability

rambient temp. = T £ 1°C)
Temperature dnft
CAmbient temp. range: 10 to 35°C, Input power = -20dBm)

< 1pm peak-peak (pp)
ot tax. -E0dE for AfE

< 0.2 pmii2

ot tax. -F94dBPC for AfE

8 hour stability: The position reading has to be constant within a 1 pm band
during an 8 hour period at constant ambient temperature (stabilized to 2441 °C)

and constant input power.

Temperature stability: The posttion reading has to be constant within a > pm band
during an & hour period with a ramp of the ambient temperature from 20 %C to 30

*C and constant input power,

0 ® -
DESY

/,\



V a Status BPM Electronic: Y
AL ~ ’\ y

Resolution ‘ ‘ R luti with 992 b h.
Test at ESRF: 992 bunches
-86560 45 b
v | Vert.: 20 nm/div.__hor.: 400 s © 7 // \ﬂ
® i I Resolution c =17.5 nm
o | — : | / K at 10 Hz bandwidth
3 T PA UL 0 TN B Y
el T TEY T | LY W\,AU)U AT ° / \
| 1T w /
I ] ‘ k\
o 1 14 27 40 53 66 79 92 105 118 131 144 157 170 183 196 209 222 235 248 261 274 287 300 313 326 339 352 365 378 391 ‘§/’(\Q 6\‘@3’6\‘? %ébgﬁé\%eﬁé\'s é’ské\QQR’@QQ %é‘beﬁé\eﬁé’@ﬁ%@@q%@beﬁéﬁe R’@rﬁﬁé)@%@QQ%@bQR’é’%Q&é\Q&éﬁeﬁéﬁbﬁé@ \‘9@
Samples *0.1's Position [nm]

N — e, g— —

v' Extensive communication with I-Tech, Soleil, DIAMOND, ESRF and Libera users
v’ Useful firmware exist since middle 2006. Startup was troublesome.
v' Latest version fulfills our requirements on slow orbit resolution and stability.

v’ Fast Data transfer (turn by turn = 130 kHz) exists since July 2006. Tests were very
promising.

v’ Detailed specifications are in preparation

 Additional electronics necessary for distribution of triggers, clocks, alarms, etc.

* Test of temperature stabilized 19°racks (= £1 0C) ongoing.
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Special BPM chamber for high sensitivity ¢4
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Monitor Profile
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06 Premerneees Preereeeees horizontal: k=5 4046 mm ||

vertical: 11‘._ = 5185 mm
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Beam Displacement [mm]



f?fi Measurements at ESRF with Libera 'D\E%\;f
)

As already noticed, a slight touch of the cables may have led to jumps in the position value. This was proved
online by watching the readout values, but no dedicated experiment was recorded. However, in the data one can
find these kinds of jumps but we can correlate it no more with touches. Fig. 12 shows such a jump of 0.135 um
but offline observations had shown some m jumps, too.

Fig. 12 shows also some kind of slow oscillations, which are also visible in other samples. The setup was done in a way

to avold influenced from real beam oscillations, but this might be an residual effect of real beam oscillations or effects
from LIBERA itself (1/f noise?). Note that the amplitude of these oscillations is very small (= 0.01 pum).

86050

86000 | |

85950
85900
85850

I [}

85800 |J

Positin [nm]

85750 -1

85700

85650

85600

85550

85500

1 84 167 250 333 416 499 582 665 748 831 914 997 1080 1163 1246 1329 1412 1495 1578 1661 1744 1827 1910 1993 2076
Samples

Fig. 12: Jump of x-position
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BPM reading (11DBC2-x) [mm]

BPM reading (11DBC2-y) [mm]

FASH experience

BPM: 11DBC2-x; q{3GUN) = 0.71+-0.02 nC: q(10DBC2) = 0.65+-0.02 nC
Other BPMs: 2UBG2, 2DBG2, 3DBG2, 5DBC2, 7TDBG2, 9DBG2

a

=

Fa
T

1.98

1.96

! ! ! T . .
| % res.=5um;std=14um

=

Y

b
X
¥

* LA S

1.94
1.95

1.96 1.97 1.98 1.99 2 2.01 202
Prediction from the other BPMs [mm]

BPM: 11DBC2-y: q{3GUN) = 0.71+-0.02 nC: q(10DBC2) = 0.65+-0.02 nC

203

0.84
0.82F
0.5

0.76
D76
D.74
072+

res. =5 um; std = 18 um

0.7

] ] ] ] ]
0.72 0.74 0.76 0.78 08 0.82
Prediction from the other BPMs [mm]

0.84

“/
DESY
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Stripline BPM:

Bunch distance:
100 ns

Will work with
=50 ns without
any changes
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The End
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AN ACTIVE PRE-ALIGNMENT SYSTEM
AND METROLOGY NETWORK FOR CLIC
F. Becker, W. Coosemans, R. Pittin, I. Wilson

TH-65-Th
September 1965

The first?

PART I

Resolution for L=100m
THE USE OF A MAGNETIC PICKUP AS AN

25 ——— A BN SN BN ALIGIMENT INDICATOR WITH A STRETCHED-WIRE TECHNIQUE
i i ® Resol (microny I ]
. We K. He Panofsky
20 F e
= I
2 I
E .
E 15 |
g 1o F e .
' : . STRETCHED WIRE METHOD FOR MAGNET ALIGNMENT
3 : B R | WITH MEDIUM FREQUENCY CURRENT
. _ . . ] Ryuhei Sugahara, Yasunobu Ohsawa, Norihito Ohuchi and Masato Yoshida
@ —" — ’ ' — — Accelerator Laboratory, High Energy Accelerator Research Organization
0 200 400 . 00 Boo 1000 Oho 1-1, Tsukuba-shi, Ibaraki 305-0801, Japan

Fig.2: Resolution for L=100m




