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Intfroduction
3

One of targets of the SPring-8 storage ring upgrade plan (SPring-8-l) :

SPring-8-ll storage ring : 44 normal cells + 4 straight sections, ~1.5 km long
Magnets for 1 normal cell :

6 common girders w/ multipole & correction magnets

5 permanent bending magnets

Allowable alignment errors in horizontal/vertical planes | i

+30 um (desired) for magnets on common girders

e o g, g P P B TR N

+90 um for each neighboring 2 common girders
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Intfroduction
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Goals of this study are to answer following 3 questions;

1. Do our conventional methods of alignment and survey satisfy allowable
alignment errors?

Survey :
Leica AT-402 laser tracker Trimble DiNi0.3
for horizontal for vertical
HF 4~
Alignment : Ji i ;’f_! s
Pushing bolts + HEX wrenches B s [Egoee:
monitoring coordinates by a laser tracker : -22.588

inreal time ] SN ;

2. Do we need additional observation pointse

Quadrupole magnets af both ends of common girders (12 pts / cell)
Monuments on the tunnel wall (2 or 4 pts / cell)

3. Do we need the realignment? If yes, how often<
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Alignment error estimations
for accelerator components 5

Observations of accelerator components’ coordinates A, :

A4 - designed coordinates
AA¢,, - topographical effects
AA.ny, - €eNVvironmental effects
= cisurement errors

Aobs o Ades 1y AAtop iy AAenv o Omeas (1)

Both AAg,, & AA.,, Ore dsSUMMECRESIERINRRISSEOr esfimation.

Error ellipse : often used for alignment or survey to help one’s visual understanding.
Absolute error ellipse : individual observation
Relative error ellipse : relation between 2 observations

Alignment errors for neighboring 2 common girders are estimated w/ relative error
ellipses by Microsoft Visual Basic (Excell) based network analysis code!.

t:S. Matsui et al., Proc. 12th Annual Meeting of PASJ, Tsuruga, Aug. 5-7 (2015), pp. 140-145
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Allgnment error estimations
for accelerator components 6

Calculation conditions: Relative error ellipses at a normal cell

CG : Common girder
BM : Bending magnet
ID : Insertion device

44 normal cells + 4 straight sections. WM : Wall monument

IP : Instrument point

1) quadrupoles at both ends of common
girders (526 pfts)

2) IDs (51 pts)

3) monuments on the tfunnel wall (204 pts)

Error ellipse :
100 pm

Leica AT-402 L.T. for horizontal (781 pfs)
Trimble DiNiO.3 for vertical (48 pts on center

of each cellj
-170

1) angle : 0.57 arcsec
2) distance : £7.6 um + 2.5 um/m
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Alignment error estimations
for accelerator components /

S UM, S, = 17 um

In case of 4 wall points per 1 cell:

[
(=]

I : half-major : g ;
. Ave. alignment error in horizontal:

V182 + 172 = 25 um
(at most 28 um for straight sections)
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For vertical, 26 um (o) is estimated by
Our survey results.
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© 90/(2v2) = 32 um
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Cell number

Our conventional alignment methods also works fine.
Details were already explained in previous Kimura's talk.
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Allgnment error estimations
for accelerator components

Goals of this study are to answer following 3 questions;

< 1. Do our conventional methods of alignment and survey
satisfy allowable alignment errorse

\/ 2. Do we need additional observation pointse

3. Do we need the realignment? If yes, how often?
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Necessity of realignment
%

Alignment errors confirmed to be satisfied the allowable errors while their installation.

After installation, we have to pay attention to all magnets coordinates (especially for
magnets at both ends of common girders) to see how they change.

The major source of the change is considered fo be AA,,, in;

Aops = Ages + AAtop + AAeny T Omeas (1)

Considerable contents of A4, :

Earth tides
Activity of the geologic fault characterized by earthquakes
Day/Night or seasonal changes of temperature and pressure

Here, some kind of isolated temperature changes by FCUs etc. in the accelerator tunnel is
assumed and still freated as O for AA,,,.

International Workshops on Accelerator Alignment 2018, Batavia, 8-12 October 2018



Necessity of realignment

10

SPring-8 level trends and underground components
@ (Inner contour ring : 1996 and outer : 2018)

Ul nderpass C @ C09 ! A "RF“a‘eguldeC CDIF Q RATIRA

Example: frends of ground level changes over ~20 years survey...

1|
HE!
e i bt L &0 3

R0 BT

| Cutting @ C14 ~C24

Rainwater drain @ C25
RF waveguide @ C25

Thus expected coordinate variations for SPring-8-Il are calculated by SPring-8 survey data.
Then trends of residuals (expected VS designed) for each neighboring 2 girders are compared.
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Necessity of realignment
|1

First, ground deformation growth rate a(s;) for j-th point 4; (s]) of SPring-8
is calculated by the MLS method w/ :

A, A" . observed or optimized x, yand z.
2 s : coordinate on the designed beam orbit.
AA% (Sj) — z{Ai(gj) . A’i(sj)} (9) originated @ the most upstream
. quadrupole in Cell 1.

l .
' - g =22, passed year since 1996.
A i(SJ') g a(sj)l i b(SJ') (10) j 1 1~271, observation point number.
b : offsefs.

Next, the deformation growth rate a(sy) of k-th (k = 1~ 781) SPring-8-Il point:

Ground deformation growth rate distribution

25 Original altitude /_\

Reference level

a(sy) = — Sj_l) + a(sj_l) (11)

Offset b(sy) is designed coordinate Ay(sy).

Altitude [m]

Finally, expected k-th coordinates after [-year later
from the installation:

A (sg) = a(sp)l + Ao (sg) (12)
o dA;(sg) = A;(sg) — Ao(sk) = a(sy)l (13)
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Necessity of realignment
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Residual (expected VS designed) for each neighboring 2 common girders
can be separately defined in horizontal / vertical:

ARy (D) = V{dx,(sy) — dxy(se—1)¥? + {dyi(sp) — dyi(sp_)¥> (14)
ARyer (1) = |dz,(s) — dz;(Sk-1)I (15)

dA;(Sk+s) dA;(Sk+4) dA;(Sk+3) dA;(Sk+2) dA;(Sk+1)  dA;(sk)

£ = B0 \|‘

\
|
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Survival rates of girder combinations (total 263)
beneath the allowable alignment error; 90 um.

Realignment is required for both horizontal &

Survival rate [%)]

— Horizontal vertical within ~2 years.
Horizontal (azimuthal) ~
--- Horizontal (radial) A i 5 .
~ Vertical Horizontal direction needs to be discussed
dividing into azimuthal / radial components.
) , . Much more strict tolerance is required for the

Passed year

radial direction comparing to azimuthal one.
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Necessity of realignment
13

Goals of this study are to answer following 3 questions;

1. Do our conventional methods of alignment and survey
satisfy allowable alignment errorse

2. Do we need additional observation pointse

\/ 3. Do we need the realignment? If yes, how often?
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Interpretation of the ground elevation
w/ ATL-low approach 14

SPring-8 level trends and underground components
(Inner 996 and outer : 2018)

As discussed above, ~20 years of rich
survey data sets for the SPring-8
storage ring indicate -1.5 ~ 2.5 mm of
ground elevation changes.

Again, sources of the ground motion:
Earth tides
Activity of the geologic fault
Day/Night or seasonal changes of temperature and pressure
And stochastic diffusive motion; random-walk or Brownian motion

In accelerator physics, B. A. Baklakov et al. firstly proposed ATL-law

to describe the ground elevation differences (dzz) between 2 points separated by L
over time interval T w/ a coefficient of the earth’s crust characteristic A: (dz?) = ATL.
Then, V. D. Shiltsev intensively investigated A for various accelerator facilities.
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Interpretation of the ground elevation
w/ ATL-law approach 15

Elevation change dz(s) inlimeSNRiSREINENE=u 22)
at the designed beam orbit coordinate s & the year t of surveyed:

dz(s) =z(t+T,s) —z(t,s) (16)

Now, the variance of elevation changes for distance L between 2 points:

(dz%(T, L)) = %z %z{dz(T,s 1) — dz(T, )} (17)
M N

M : pairs of the tfime interval T
N : pairs of points of circumference distanced by L

International Workshops on Accelerator Alignment 2018, Batavia, 8-12 October 2018



Interpretation of the ground elevation
w/ ATL-law approach 16

—

ol
)

0 : (1 year change)? x 22
0 : (22 years change)?

a
=
E
)
&N
=
<
=
@)
g
£0
>
>
=
=
-
=]
@
2
=
=
=
=
-

150
Lag L [m]

Gradient change is considered to be systematic, i.e., not-random changes,
such as confinuous lift up or damping at ground construction areas.

Such systematic changes should be excluded from data
& further investigations are under go.

Gradients of the variance of elevation changes for each time interval are evaluated
by fitting up to L~150 m.
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Interpretation of the ground elevation
w/ ATL-law approach 17

* 1996 - 2018 data { {
—linear fit T*(0.284 + 0.050) }
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Preliminary

10 15 20
Time Interval T [years]

Evaluated coefficient of the ground crust characteristic @ SPring-8:
Aspring—g = (9.0 £ 1.5) X 107° ym?/s/m (Preliminary)
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Interpretation of the ground elevation
w/ ATL-law approach

Courtesy of V. Shitsev
Tevatron Collider data A, [107% (um?/s)/m] Time

“Tie-rods” (V) L. T 4.9 = 0.1 1-6 yr
20 HLS system L. T 22+ 1.2 1 week
Beam orbit (V) T 2603 I5h
(H) T 1.8 0.2 15h
Beam orbit drifts in other accelerators

HERA-¢ (V) 4=x2 25d
HERA-p (V) 84 5d
TRISTAN (V) 27127 2d
Circmf. KEKB 27*3 4 months
LEP (V) 109 = 6.8 18 h
LEP (V) 39+23 33h
(H) 32*19 33h
SPS (V) 6.3 3.0 2 hr
Accelerator alignment/survey data analysis
CERN LEP (V) LT 6.8-9.0 6, 9 months
3x06 6 yr
CERN SPS (V) LT 14=5 3-12 yr
Ground motion studies data

PFO (CA, USA) 0.7 5yr
SLAC Linac (V) 1.4 £0.2 0.5 hr
Esashi (Japan) 0.3-0.5 15 yr
Sazare (Japan) 0.01-0.12 6 weeks
KEKB tunnel 40 4d
FNAL PW7 6.4 36 3 months
FNAL MINOS , 0.18 1 month
Aurora mine . 0.6 0.3 2 weeks

Aspring-g = (9.0 £ 1.5) X 107¢ pm?/s/m
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Summary
19

.
Alignment errors for neighboring 2 common girders designed as the SPring-8-l
configuration is calculated and confirmed to satisfy required allowable errors
via a 2D network analysis.
Conventional alignment and survey methods are assumed for the analysis.
Numbers and orientation of observation points on the tunnel wall
are still under optimizing to improve errors.

o

Necessity of realignment of the SPring-8-Il components are discussed
based on the existing SPring-8 survey data measured over ~20 years.

Realignment will be required within at most 2 years.

o

Variance of elevation changes for the SPring-8 are discussed
applying the empirical ATL-law with rich stafistics.

The coefficient to characterize the earth’s crust is also estimated.

Further investigation for systematic effects is in progress.
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