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Abstract degrees so that we adopted this value for the new orbit de-
The beam line of the KEKB injector linac is under re-Sign- On the other hand, the ARC was originally set in the
alignment as the restoration after the big Earthquake fiPrizontal plane but this time we defined the plane in the
2011, but with the refinement for the SuperKEKB in mind S&me as that of the two straight sections to get rid of the
The linac consists of two straight sections connected by%"tical kicks at the input and output of the ARC. Though
180 degree ARC. Precise alignment of the ARC magnets {3€ OPtical telescope was used to align the hard wares in
one of the key issues for the emittance preservation of tiB€ KEKB construction time, it became possible this time
electron beam. The ARC beam line was defined by measdf-2/ign the hard wares more accurately and easily by using
ing these two straight lines. Then, the misalignment of th@ !aser tracker, AT401 of Leica[6]. In order to measure with
ARC magnets were reduced from 3 mm maximum dowf1® accuracy of severgrad and severaim for the align-
to 0.1mm in the errors perpendicular to the beam directioff’€Nt measurement of the ARC with its size of 15 m, the
This paper describes how we defined the ARC beam li@ser tr_acker we introduced this time was appropriate since
and performed the alignment. The connection method &f€ typical errors are=7.5um + 3 um/m in angle, and-5
the laser tracker data needed for the definition of the AREM in length.

was also studied and described. The measurement extending to 100 m distance is re-
quired for evaluation of the two straight sections. Though
INTRODUCTION the tracker measurable sparti80 m, we thought that the

The ini i f KEKB is a 600-m-| i alignment measurement with connecting th#0 m-span
e Injector linac o IS & -m-long lin€éar ac- o asurements shown in Fugure2 was better to get the 100

celerator consisting of 8 sectors[1]. As shown in I:igurm'm-size information when considering the big errors com-

it comprises of the upstream 1.5 GeV linac with a Iengﬂfhg from the environmental perturbations. To utilize this
of 100 m (A, B sector) followed by the downstream 5.5

X . ethod, the tool to connect many short-span data to inte-
GeVlinac with a length of 500. m (C, 1.'5 sector) CO””eCteg:ate into a long-span measurement became important. We
through a 180 degree ARC with a radius of 7.5 m.

have developed a method to accurately estimate with small

I_Each sectoris qbout 80 m and comprised of 8 acceleratglrrors by evaluating the actual measured data. This process
units. In each unit the hard wares such as the accelera}gr

T ) . also described.
tubes are set on arigid girder of 9 m in length. The axis 420 Following above strategy, we made the alignment of
mm down from and parallel to the beam axis is used for thgII '

[ t and defined by a laser b h tion %l ARC magnets, 6 bending magnets (BM),????? 13
al Ignmend :gn | efine ytadasrfzrt eda}rréw F?E)e goty |;)n adrupole magnets (QM). and 5 sextupole magnets (SM).
tached 1o the reference boint located o (PD) detector order to use the tracker reflectors, the reflector holder
attached to the reference point located at each end of t

girder Sses were set on the floor, the wall, and at the arm end

. L - . xtending form laser PD. For magnets, three holder bases
For the emittance preservation in the injector linac 0? g 9

o . BM, while twi M and SM.
SuperKEKBJ4], the local m|saI|gnmentatthestreughtsec\fvereon while two on QM and one on

tion is required to be within 0.1 mm in sigma, while global .
one with 0.3 mm in sigma[5]. On the other hand, the ARC
magnets are set on the independent support structures an
aligned independently. In order to suppress the emittance
grOWth due to the perturbation given from the ARC mis- [llllc;llll] [ll:lllll] [llllzlllI][ III3IIII] [lllll4llll] [llll5|l|]
alignment, the magnet alignment is required to be within
0.1 mm. Since the misalignment of the ARC became up to
3 mm in maximum after the big Earthquake, the realign-
ment is needed. The ARC configuration can be the same as
KEKB but the refinement of the alignment is required[3].
We decided to re-define the ARC orbit design to minimize DEFINITION OF ARC REFERENCE
the hardware movement by taking the mutual relation be- ORBIT

tween two straight sections into account. From the mea- ggfore aligning the ARC, we measured B sector, ARC
surement we noticed that the bending angle was not 18Q\y ¢ sector with the laser tracker in June, 2013(Figure 2)

* madoka.tanaka@kek.jp and determined the two straight lines.
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Figure 1: The outline drawing of injector linac.
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Figure 2: Measurements using a laser tracker. Blue boxes 3 Ais pl . hile B is the Vi f
are accelerator units, red circles are tracker reflectors &idure 3: A is plane view, while B is the view seen from

PD, yellow ones reflectors on wall. Green squares are I§1€ Side. The green line is A to B sector, while the blue
cations where laser tracker is set. line is C to 5 sector. Dotted lines are for KEKB while solid

lines for SuperKEKB.

Definition of Rotation Plane

Firstly, the distance between the two straight sections gherefore, the error vector in this direction stayed large.
the ARC, i.e. the distance between the inlet pOint and trWhen performing a Survey Of the ARC Section after finish-
outlet point of the ARC, was measured to be 15 m + d g all of the alignment work, a displacement larger than
15013 mm. The design value was 15 m but we defined thg1 mm was detected. We found that the measurement co-
new design distance to be that with this extra "d". ordinate system of the laser tracker was rotated by 0.3-0.5

Secondly, the angle between the two straight lines wagm / 8 m in the horizontal plane during a day. Because the
measured so that the rotation angle along the ARC was $#am commissioning had started just after this alignment,
atthis value, instead of the previous design value of 180 dgre have not fixed this deviation yet. As described in the
grees. The measured angle offset was-0.114 mrad. In next section, it should be possible to keep the angular pa-
addition, the upstream linac section, sector A-B, was megameters more accurately and we are planning perform the
sured and found to be tangential to the ARC at the inleflignment again in future.
point. In order to make the configuration of the two straight
lines and ARC to be mirror symmetric with respect to the

center line between two straight sections, the ARC was ro- "

The center of J-arc Before
tated bya/2 as shown in Figure3-A. 05 i * " e+
As for the deflection angles of 6 BMs, those of the 2nd,, = *@*‘ﬂ gl +
. + #{E i + ﬁi i
3rd, 4th, and 5th were set at 30 degrees, while those of tt‘f* ; ¥
1st and 6th at 30 degreesy/2. ' g
i T+ ¥ + *
.. . +*
Definition of Vertical Plane asl A
Since the longer (downstream) one of the two straight ——%— et i)

sections connects the beginning of the C sector to the end
of the 5th sector, the original ARC plane set at horizontdfigure 4: Measured height of magnets. Red + are before
for KEKB in inclined with respect to the straight section.alignment work, while blue + are after work. Blue line
As shown in Figure3-B, the angleamounted to be 0.0498 shows design value and gray boxes are position of BMs.
mrad. As the third definition, the inclination angle of the

ARC with respect to the horizontal plane was set at this

value. Accordingly, it became necessary to largely move

the magnets upward. Furthermore, there was found a dif- ™ = son 2 T
ference of about 1 mm in height between the two straight «* o
sections, and at the ARC. Then, we have defined the height ™
of the start and end points of the ARC to be the same as the ™

= 0 —

connection point to the A-B sector. — —
Magnet alignment
M i3 TV
After def|n|ng the magnet pOSItIOﬂS, the adjustment was $0%060 6000 4000 2000 0 2000 70 o sooolmmT ***%o60 6000 4000 2000 02000 3000 6000 So0o[mm]
performed with frequently tracking the position by using a [A] Before. [B] After.

laser tracker. The refinement result is shown in Figureéz__‘,_ 5 M ; i i ARC Dl A is bef
for the vertical direction. Deviations from the design valu lgure >: Magnet positions n plane. A 1S belore
realignment, while B is after. Vectors are differences be-

were mostly within 0.1 mm for the directions perpendicu- . )
lar to the beam line. Figure 5 shows the difference in ttheen magnet positions and design values. Gray boxes
horizontal plane. For QM outside the ARC in Figure 5,ShOW BMs.

we have not adjusted in the direction along the beam line.



CONNECTION METHOD OF TRACKER a point at sector 1 to another point at sector A°(80e in
MEASUREMENTS Figurel). Then a closed loop is formed, so that the devia-
tion of the end point from the start point, actually the same

. X oint, indicates the degree of error in doing connection of
mon coordinate system, we have used the following thr g 9

thods f luati dinate t f i i any data. A deviation of 6 mm was obtained in the hori-
methods for evaluating coordinate transtormation matncex, ,ia girection by the method I, while that of the method
of two measurements of adjacent tracker locations.

Il within 1.5 mm, smaller than the former but still remains
Method 0 big. Thus, we could not get any confidence at this stage

and we concluded that the measurement method and the

For a preliminary determination of the angle parametels,nnection method to calculate the transformation matrix
« and~ for the ARC magnet realignment, we used the So“éhould further be improved

ware, "Polyworks v12”[7] by InnovMetric Software Inc.,
recommended by LEICA for the data connection. Nev- SUMMARY AND PERSPECTIVE

ertheless, accuracy of the calculate positions of the data h he misall fih
points were not clear. Hence, we have developed the fol- FOF the upgrade to SuperKEKB, the misalignment of the

lowing two methods and compared the results. oeam line components in the stiai_ght lines of tho injector
linac are required to be locally within 0.1 mm in sigma. In

Method | turn, the magnets of ARC are required to set within 0.1mm

First, a set of four points are selected out of the connd the laser-tracker based present method can meet the re-

mon points from measurements at locations 1 and thoseoa"f'remem' For doing this alignment, tho ARC deggn orbit
2 to calculate the coordinate transformation. The madix \V3S determined by measuring wo straight sections of the

is defined as a homogeneous coordinate transformationI ¢ and trying to define the ARC plane and bending an-

12 parameters, including linear transformation for the xyA'e o be close to the present situation. Because we could

coordinate system and parallel translation. We can obtaﬂ?t solve a.problom when using the laser tracker i‘or along
time, we will realign the ARC in the future especially the

the matrixM by solving the linear equation as shown be-I i fthe | Furth it ¢
low by requiring that the four points overlap. ocation of the large errors. Furthermore, it is necessary to
obtain the better tool to connect the accurately measured
data to estimate the alignment along long straight lines.
B =MA Q) - . X
Aiming to this accuracy improvement, we started the de-

A= ( z y z 1 )T’B— ( oy 21 )T velopment of the data processing system. A transformation

HereA is the homogeneous coordinate value of the congystem by taking the minimumg?® value gave us a better
mon point at the location 1, whilB is those at the location result but we think that the tracker measurement method
2. All the possible combinations are calculated and we cit@nd the calculation of the transformation matrix should be
the matrix which gives the smallest sum of squares of thgproved.
residual for all the points other than the four point.

To combine the short-span laser tracker data into a co
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