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ELETTRA  ALI GNVENT
(Prelimnary)

Fugi ang WE1
Sincrotrone Trieste

ABSTRACT

The Sincrotrone Trieste ELETTRA facility has been designed
to provide wusers wth high brightness photon beans over a
w de range of phot on ener gi es (10eV- 30keV) from its

insertion devices in a low emttance 1.5-2GeV electron
storage ring. Now it is wunder construction. For the nmagnet
positioning a relative accuracy of one tenth of a mllineter
and an absolute accuracy of two nmillineters are envisaged.

This report describes the ELETTRA alignnment nethods.

| NTRODUCTI ON

The Sincrotrone Trieste Elettra facility has been designed
to provide wusers wth high brightness photon beans over a
wi de range of photon energies (10 eV-30 keV) from its
insertion devices in a low emttance 1.5-2 GeV electron
storage ring.

ELETTRA consists basically of three parts: Linac, transfer
line and storage ring (See Fig. 1). The beam orbit of the

storage ring is 3.9 neters above the linac axis. The beam is
accelerated through the 100 neter long Linac to the ful

energy. Then it is bent horizontally three times and
vertically twice by 101 neter long Transfer line to reach

the inner side of the storage ring where then the injection
takes place in the horizontal plane.

The storage ring is approximately circular in the shape and
has a circunference of 260 neters. In order, to build a new
state-of-the-art synchrotron 1|ight source the magnet
conponents have to be aligned as precisely as possible for
both high absolute accuracy and extrene relative accuracy.

From the alignment point of view the quadrupoles are the
nost critical conmponents. The bending nagnets are conbined
function el ement s and therefore are critical t 0o.

Accel erator physics requires 0.1 mm relative transverse
standard deviation o for ELETTRA quadrupoles, sextupoles and
bending magnets and 2 nmm absolute accuracy for all the
storage ring nmagnets.
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1. ELETTRA CECDETIC NETWORK

In order to keep the Linac, the transfer Iline and the
storage rings in correct position relative to each other, a
m ni mum of four nonunments M), M, M2 and M3 has to be fixed
on the rock before the building construction starts. Two
datum marks D1 and D2 have to be nmounted on the tunnel fl oor
before the tunnel is covered. The accuracy of nonunent
positioning should be about 5 mm The nmeasurenent accuracy
of the nonunment center position should be less than +/- 1
mm (see Fig. 2A)

The nonunent ML is the origin of the coordinates at the
center of the storage ring, The coordinate axis Y passes
monunent M). The LINAC axis just passes the nonunent M. The
sights from M) to M3 and from ML to M should never be
bl ocked. There are two nonuments M4 and Mb on the reinforced
concrete beam of the storage ring roof. The sights from
nmonunment M4 and M to all other four nonuments should be
kept free. Therefore, it is possible to check the positions
of monunments ML and M2 with respect to nmonument MO and M
t hrough rnonuments M4 and Mc when the need should arise. (see
Fig. 28)

D3 is the double datum nmark fixed in the flyover crossing
between tunnels of the transfer line and the storage ring
respectively. It consists of tw marks D3a and D3b which
are |ocated at same horizontal positions and different
levels. D3a is a mark fixed on the transfer tunnel floor

D3b is a reference hole fixed on the floor of the storage
ring. The hole 1is wvertically through whole the concrete

between the storage ring tunnel and the transfer |Iline
tunnel. They are used to check both the horizontal and the
vertical positions of the transfer line referring to the

position of the storage ring.

2. REFERENCES OF LINAC

The Linac axis is determned by nonument M and datum DI1.
The references V52-V59 are fixed on the floor (see Fig. 3).
They are used to check deformation of the tunnel base in the
| ong range.

The Linac alignnent wll be nade by the LINAC constructor
referring to nonunent M3 and Datum D1.

3. REFERENCES OF TRANSFER LINE (see Fig. 4)

The transfer line from Linac to the storage ring consists of
7 bending magnets and 30 quadrupole magnets. The transfer
line axis is determned by D1, D2, D3 and the storage ring
network. The comon optical instrunents such as Theodolite
E2 and Precision Level N3 wll be used. The reference VA49-
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V51 are fixed on the floor (see Fig, 4). They are also used
to check the long range deformation of the tunnel base in
long term too.

4. NETWORK OF THE STORAGE RING

There are 24 wvertical reference points V1-V24 on the floor
of the storage ring. Among them there are 6 vertica
reference points V1, V5, V9, V13, V17 and V21 as check
points. The elevations of the 6 check points are determn ned
by using the Precision Level N3 in respect to the nonunment
ML through the holes of the wall of the storage ring tunnel.
The elevations of other vertical references are measured
with respect to the two adjacent check points. (see Fig. 5)

The two sockets Bi.1 and Bi.2, i=1 to 24, are on top of
each bending nagnet. There are in total 48 sockets used as
the horizontal reference points. The 24 sockets Bil are
chosen as the storage ring network. Anmong them there are 6
hori zontal reference points Bl1.1, B5.1, B9.1, B13.1, Bl7.1
and B21.1 as check points for the horizontal position. (see
Fig. 6)

5. PREPARATION OF THE COVPONENTS

There are two sockets as references on top of each
conponents such as bending nmagnet, quadrupole, sextupole and
so on. The positions of +the sockets are adjusted wth
respect to the magnet field during field neasurenent.

6. ALIGNMENT OF THE BENDI NG MAGNETS

6.1 Mark the positions of the sockets of the bending magnets
on the floor of the storage ring using Theodolite E2 and
Mekomet er  ME5S000.

The deviation of the marks should be less than 5 mm
6.2 Al the bending magnets wll be installed on their

positions roughly wth respect to the floor marks in both
the horizontal and the vertical directions.

6.3 The tilt of all the bending nagnets wll be neasured by
a bubble level and be adjusted within 0.05 nmmm
6.4 The elevations of the bending magnets wll be neasured
by a Precision Level WLD N3 wth respect to the nearest
vertical reference Hl-H24 and wll be adjusted.

6.5 The positions of the bending nmagnets, on which the
sockets for check points are mounted, are adjusted to set
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the check point sockets at the right radial distances from
monunment ML. The tolerance of the distance is 0.5 mm

6.6 Al 48 distances and 48 angles shown in Fig. 7 wll be
measur ed.

6.7 Using the |least squares adjustment method the
corresponding residuals of all the neasurenents could be

cal culated. According to the Gaussian law of errors npst of
bl unders can be found out, so some wong neasurenents can be
renoved from the conputation. The adjustment conputation
could be repeated once.

6.8 The standard deviation of the network neasurenments
should be less than 0.08 mm

6.9 Finally, the horizontal adjustment of the bending
sockets Bi.1l can be obtained by conparing their existing and
i deal positions using the conputer program

6.10 The positions of the sockets Bi.1 can be adjusted
according to the results of the adjustnent conputation.

6.11 The yaw angles of the bending magnets wll be adjusted
to their ideal values whereas the positions of the sockets
Bi.1 are mamintained (Fig. 8).

6.12 The procedures from 6.3 to 6.11 wll be repeated until
the horizontal standard error of the positions of the
sockets Bi.1 is less than 0.08 mm

6.13 The distances from nonunent ML to the 6 horizontal
check points wll be nmeasured by the Mkoneter MES5000 to

make sure that the errors of these distances are less than 1
mm

7. ALIGNMVENT OF AlLL COVPONENTS IN THE STRAIGHT SECTI ONS

Alignment of the conponents in the straight sections of the
storage ring wll be done individually after the positions
of the bending magnets has been adjusted.

There is one bending nmagnet socket at the ends of each
straight section of the storage ring. The 2 or 3 conmponent
groups of one straight section wll be aligned from the two
adj acent bending sockets in the followi ng way:

7.1 The tilt of the conponents of the straight section wll
be neasured by a bubble level and be adjusted.

7.2 The longitudinal positions of the conponents of the
straight sections wll be deternmned by |ength nmeasurenents.

7.3 The transverse positions of the conponents of t he
straight sections wll be neasured by the Theodolite E2 and
Precision Level N3 and then be adjusted.
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7.4 The process from 7.1 to 7.3 wll be repeated until the
transverse deviations are Jless than 0.03 mm and the ¢tilt
less than 0.05 mMmim

The process 7.1-7.4 wll be repeated until all 24 sections
have been finished.

8. ALIGNING THE |INSERTION DEVICES -- UNDULATOR

The insertion devices wll be put in their positions after
the ELETTRA conmi ssioning.

There are two kind of insertion devices, undul ators and
wigglers. Since the design of the franmes is the sanme, their
alignnment nethod is sinmilar. For exanple each set of the

undul ator consists of three frames. Each frane carries two
main  sockets on top of the beam axis, and two auxiliary
sockets are adjusted to be parallel wth the tw min

sockets. The three frames wll be aligned through the six
auxiliary sockets. The positions of the conplete undulator
will be fixed through the two main sockets which are |ocated

on the ends of the set. (see Fig. 9)

9. TOLERANCE DI STRI BUTI ON

The alignment of the quadrupoles is the nobst critical one.
Accel erator physics requires a value of 0.1 nmm transverse
standard deviation o(Q) for the ELETTRA quadrupole.

In our case there are at |east four components which affect
oc(Q@) as explained in the follow ng formula.

2 2 2 2
(@)= 4 o (1) + o (2) + o (3) + o (&)

In order to achieve the accuracy of o(Q@)=0.1 nmm
we expect

standard devi ation

bet ween socket and nmagnet center c(1)=0.03 mm
standard deviation effected by tilt g (2)=0.025 nm
standard deviation

between network and quadrupole 0(3)=0.03 mm
and

standard deviation of the network o(4)=0.08 mm



ACKNOWLEDGEMENT 120

The author gratefully thanks all the alignnment experts
F.Loffler ( DESY) , W Schwar z ( DESY) , M Mar oud (CERN) ,
E. Menant (CERN) , J. P. Quesnel (CERN) , D. Roux ( ESRF) and
T.Lauritzen (ALS) for their useful discussions, suggestions
and private comunications. The author would like to thank
A. Wulich for his advice on the machine side and all

col |l eagues of Technical Ofice and Assenbly Ofice for their
cooperati on.

REFERENCES
1. THE KERN MEKOVETER ME5000 AND SHORT DI STANCE
MEASUREMENTS
T.W COPELAND- DAVI S  E. MENANT
CERN FEBRUARY/ | 989
2. ALIGNMENT & CECDESY FOR THE ESRF PROIECT
D. ROX
ESRF MARCH/ | 989

3. A PROPCSAL FOR THE SURVEY AND ALI GNVENT
OF THE ESRF
R ROLAND

SLAC AUGUST/ | 986

4. THE GECDETIC APPROACH FOR HERA
F. LOFFLER AND W SCHWARZ
DESY 1989

5 ALI GNMENT TOLERANCES FOR THE ALS STORAGE RING AND
BOOSTER SYNCHROTRON

R KELLER, C KIM AND H N SH MJRA
ALS SEPTEMBER/ 15/ 1989

6. LIGHT SOURCE - SURVEY
PRELI M NARY DESI GN REVI EW
TED LAURI TZEN
ALS MARCH/ 11/ 1988

7. CERN ACCELERATOR SCHOCL-- APPLIED GEODESY FOR
PARTI CLE ACCELERATORS--  PROCEEDI NGS
EDI TOR: S. TURNER

CERN APRI L/ 1986

8. ESRF ALl GNMENT,
F.Q WE1l AND J.BIJLEVELD
CERN MAY/ 1984

9. ALl GNVENT NETWORK OF ADONE,
J.P. QUESNEL, M TRO ANl AND F. WEl
LNF- I NFN OCTOBER/ | 986

| 0. HESYRL ALI GNMENT AND ASSEMBLY,
F.VEl, W ZHANG AND F. WANG
HESYRL MAY/ 1 989



103r0dd VdLl414 1L Ol

17T 1T 1

NOC (O

VN[ A99 ¢



122

AJOMIIN AFAINS YYLIFT3 VE Ol

ON

ALY ™
INANNNOW ¥



123

9N

ON

AJOMLIN AFAINS WYLIFT 627914

al

Anlva =
INFNANON ¥



124

SAONIYI43d WIILYIA QWNIT €91




125

FIG.4 TL VERTICAL REFERENCES
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£16.8 YAW ANGLE FOR THE BENDING MAGNET
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FIG.9 INSERTION DEVICE ALIGNMENT

Bi.2
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