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Motivations

Quadrupole centring

Beam Based Alignment Sextupole centring
ORM based techniques (LOCO)

Survey Assisted (SAGA)

Girder Alignment ,
Beam Assisted (BAGA)
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motivations alignment techniques conclusions

Why aligning the machine?

a perfectly aligned machine ensures nominal performance

first requirement to get nominal photon beam properties
orbit distortions minimized via orbit corrections

- CMs correct orbit but introduce dispersion in both planes
- Orbit is zero at BPMs / can be # 0 anywhere else

misalignments after installation or growing in time require corrections, otherwise:
- orbit distortions
- dispersion (emittance increase)
- tune shifts / beta-beating
- linear coupling
- non linear resonances
- dynamic & momentum aperture issues
- mis-alignment with photon beamlines
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motivations alignment techniques conclusions

Further alignment can be necessary after installation
Usually rely on Beam Based Techniques:

- BPM / quadrupole centring (BBA) [or sextupole centring]
- Diamond, SLS, ASLS, SPEARIII ...

- BPM rolls
- Diamond, SLS, ASLS, ...

- Individual magnet alignment
- ASLS, ...

- Girder Based Alignment
- Diamond, SLS, ASLS, ) oee

4 | | ——— diamond
« ApPpOlionio - Low Emitrance Laitrice besign

24/04/2 4/2
/04/ 2089 | ‘ ALBA (Barcelona) /28



alignment techniques

motivations quadrupole BBA conclusions

dipole Quadrupole centring (BBA)

corrector

* scan quad gradient
if orbit moves, beam is not at centre of quad

change upstream corrector(s) to change position of the beam in quad

the zero of the adjacent BPM is re-defined when orbit does not move anymore

orbit correction will put the beam at the (magnetic) centre of the quad

|

crucial at commissioning (+LOCQO, +Orbit Corrections)
routinely repeated over the ring @ every run (~ each month)
aimed at few BPMs if recently “touched”
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alignment techniques

motivations quadrupole BBA conclusions

Quadrupole centring (BBA)

BBA offsets @ SPEAR Il : <700um quadcenter.m G. Portman et dl. SPEARIII
Reproducibility: 25 um after 38d [MATLAB middlelayer]
Vertical BPM-Quadrupole Center Measurement for BPMy(2,4) BPM Offsets from QMS
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alignment techniques

conclusions

motivations quadrupole BBA
BPM reading @ 5 CM settings Quadrupole centring (BBA)
= quadcenter.m Diamond

5 positions of the beam inside QUAD [MATLAB middlelayer]
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BPM=(2,1), raw values [m] 10-
%

Orbit change from:
Q+8 / Q-8

& BPMy [m]

Data filtering:
outliers removal
(e.g. small slope ...)
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alignment techniques

conclusions

motivations quadrupole BBA

BBA offsets (Diamond Commissioning, 2006 c.ca)  BBA offsets (Diamond 20/3/2015)

Smaller offsets Diamond

Reproducibility & general issues
~ few 10um in adjacent runs

Large Offsets:
-  BPM electrical centres not calibrated

- Not accurate mech. survey

>few 100um if BPM has been worked on
Current Dependence of BPM response
Heat load on chamber

K . 3 .
@ —%— ¥ offset 5 X offset
P —%— ¥ offset — Y offset
Zr T Zr T
(71
Y ':'.. n i (] "L TI. -
“'I 1Iil . 1 p ( ot
1 I'ﬂ ] (K5 T el '"‘ i il '
£ el | L) F F N r i "1 | | | =
H Tf! 'H, llti y -:Erl ;:!' 1:. g “i“ r.-|:| o flr'l -|i Ll",l ’ i I 1 FY I lm E
= £ =| '} i | K el )
2 0 k!:--'l.l | lul'“u'l :;.s,','_ug_" | '!!_:%EI-‘r::.,,J'.‘.F:.fgliL., '.'Il‘i ;-ﬁp. | 1’ "'i(|]‘l' lru 2 om
- A8l k7 1 T ]| {fax ."“ I L ""'l o
e il ‘"'ﬂ!.l MR Killhgi] :
o 1 | / 1 1 & Il I o @
LI DI Ry | -1
T L Y
i i) 4
-7t §
Primary BPMs: different geometry
-3 1 L 1 1 1 ! 1 1 | -3 | 1 1 1 1 1 1 1 1
0 20 40 Bl g0 100 120 140 160 i 20 40 B0 50 100 120 140 160
BFt Mumber BFM Mumber
M. Apollonio - Low Emittance Larrice vesign 8/28

24/04/20f6

/

ALBA (Barcelona)



motivations

BBA offsets (@ SLS : <500um

quadrupole BBA

2m stability

m vertical BBA 29-30/16/068 —B—
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motivations

BBA offsets (@ SLS : <500um

Reproducibility: <50 um after 2m
BBA dx/dy histograms for the SLS
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alignment techniques

quadrupole BBA conclusions

BBA offsets correlation to

mechanical displacement SLS

BPM horizontal offsets X0
and measured displacement delta X
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motivations

K1 loco

K1 loco
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alignment techniques

conclusions

sextupole alignment from ORM [APS]

Orbit deliberately sent off axis at sextupoles to comply with users golden orbit.
Need to know the offset at sextupoles.

APS
LOCO approach extended by defining “virtual” quads and skews at sextupole
locations:

- quadrupole fits the H offset @ sextupole: K .q = (x-x) K;

- skew-quad fits the V offset @ sextupole: K., = -(y-yo) K,

Procedure:

®* scan Sexfupole by fqmily (S] —_ 54) V. Sajaev et al. / Proc. IPAC10, THPEO91

* measure ORM
* fit the quadrupole and skew quadrupole component
* linear fit on the gradient to find the H and V offsets at the sextupoles

Vertical sextupole offsets and BPM setpoints
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alignment techniques

motivations sextupole alignment from ORM [ASLS] conclusions

Clean linear machine (LOCOQO). Main target is the V offset in sextupoles

individually to reduce the V emittance. Instrumental in achieving the quantum limit ASLS
0.35 pm

V offsets used to shim each individual magnet on the girder (sextupoles found

systematically lower vertically). Shim units of 25 um, max shim reached ~ 150 um
in many cases

All offzets (um) Elue = SDA, Red = SFA, Magenta = SFE, Green/Cyan = EDEB.
300
*

250 ¥ % % 250}

All offsets (um) Blue = SDA, Red = SFA, Magenta = SFB, Green/Cyan = SDBE.
300

200+

1501 ; % E‘L%%;

100

200

. .
sob | =

50 -

Beam Offset (um)
(=]
By
T
By
FH
—
HT! 2]
44§
s
2|
B b
|
HA
s
| FH
|
|
I—H—*l-i
B4
|
)
|
|
Hig—
gl
Beam Offset (um)

ol * I E - %{, % . ig T}fl f| ?i—i i | E ii% jlf'.ﬁ% §§£
Tl R ¥ 1FE B bl 7E T - T
y S0 t H%HEE T ﬁ éﬁzﬁ{ : 1
oz -100+ :|i oo ?L ) }
160 sk
— _2000 5I 1I0 1I5 2I0 2I5 3IC' 3I5 4ID 4I5 2005 5 in i T = e = o 5
Girder # Girder #
N L

R. Dowd et al. / Proc. IPAC13, TUPWAOO3

Courtesy R. Dowd

di d
M. Apollonio - Low Emittance Lattice Design Iamon

12/2
ALBA (Barcelona) /28

/

24/04 /2045




motivations sextupole alignment from ORM [ASLS]

Shimming sextupoles for V alignment at ASLS

Lattice Conditions Uncorrected £, (pm) Minimized £, (pm)
e — Uncorrected 36.8 £59 83+23
S Uncorrected, sextupoles off 30.4 - 4.8 6.0+ 14
Sextupoles corrected 35.8+62 54+19
Sextupoles and quadrupoles corrected 128 =24 0.34 £ 0.06 Courtesy R. Dowd
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alignment techniques

motivations quadrupole rolls from ORM [ASLS] conclusions

Keew = SINO/2) K,
_ ASLS
ramp sextupoles down to zero gradient (!)
Vary K; and measure ORM
- LOCO
> find Kge,,
— infer 0,4
Define girder roll as average of 6,4
Roll girders to reduce coupling
Lattice Conditions Uncorrected £, (pm) Minimized £, (pm)
— Uncorrected 36,8+ 59 8.34+23
\ Uncorrected, sextupoles off 30.4 - 4.8 6.0+ 14
Sextupoles corrected 35.8+62 54+19
Sextupoles and quadrupoles corrected 128 +24 0.34 = 0.06 Courtesy R. Dowd
| i
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alignment techniques

motivations survey data for girders [SLS] conclusions

SLS found (2010) quadrupole misalignments are dominated by
girder misalignments

SLS
(correlation in offset of individual quads on the girder)
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alignment techniques

motivations survey data for girders [Diamond] conclusions

Diamond: large girder misalignments both in the H and V plane

Survey August 2013 Survey January - August 2013 Diamond
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alignment techniques

motivations survey data for girders [Diamond] conclusions

Diamond
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motivations

survey data for girders [SPEARIII]

radial dewiation

alignment techniques

conclusions

height deviation
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Courtesy J. Safranek
Smooth Curve (SC):
- badly mis-aligned magnets individually re-aligned wrt SC (~every yr)
&~ - beam-lines follow the re-alignment

—

- recent re-alignment (summer 2014):
— - easy injection
- CM corrector reduction
- skew quad strengths reduced
\ i
) diamond
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alignment techniques

motivations girder displacements vs correctors [SLS] conclusions

SLS observed a characteristic pattern in correctors adjacent to
misaligned girders.

SLS
Misalignments cause: V dispersions and orbit distortions
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:— Vertical Orbit
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T (D e @O

BX_ 09: 71 um BX_11:95 um
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T T T T T T T T T T T
100 200
= [nl

) ] Courtesy M. Boege
e Corrector Pattern can be used to determine alignment errors (— No Cutoff).

e Prominent girder-girder alignment errors related to local corrector patterns (circles).
e Girder-girder errors introduce mechanical steps driving the adjacent correctors.

e [eads to saturation of correctors in machines with large alignment errors (—Eigenvalue Cutoff =
“Long Range Correction™).
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motivations girder concept [SLS]

Magnet mounted rigidly onto girders ("MAX-2 concept")

P Y TP Ry Y e ————

¢ ¥ % ¥ 5 33 v s w
H ! =

vertcal meferance surfsces N n 5
-

Girders movable in 5 degrees of freedom
Position monitoring systems on girders

Girder Rail Precision: 15um
Magnet Axis Calibration: 30 um

Remotely Controlled Girder Movers
—> "Beam—Based Girder Alignment” jy; poay

12 sectors x 4 girders + | FEMTO girder = 49 hydrosatc HPS

levelling system horizontal
positioning system
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motivations Beam Assisted Girder Alignment [SLS]
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motivations Beam Assisted Girder Alignment [SLS]
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Ny Quadrupole to girder from 2010 (Courtesy K.Dreyer et al) !
- o5 | Misalignment only '
i o 20 um RMS _N&‘uirder Fit to Quadrupole Misalignments -~
-'g | | Determine Pitch and Heave Changes
i — ] Determine Quadrupole to Girder Misalignment
L Adjust Girders to Reference Line ~—

-o.05 -0.06 -0.01 -a.e2  ® @62 e 065 0.53  \With Beam and Fast Orbit Feedback On !
quadrupole on girder misalipnment Cmnl

| diamond
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motivations girder concept [SOLEIL]

-56 girders, each equipped with a 3-pot HLS system to monitor long term vertical
variations

SOLEIL
- plan to lower coupling for users = vertical re-alignment under discussion (for 2015)

- no sextupole re-alignment so far

Storage Ring: Vertical Deformation from 2007 to 2013
(HLS readings evolution)

0.50

0.45 ﬁ

0.40
3
£
< 030 = L] -
2
S 025 | — S—— - S— YT 1 N . T
£
g
g 0.20 i Aﬂl—f N B AT O T
: I AN
3 015 I / / | vy | 1

[ l \’ v I"

g o010 |—{a f v

0.05 .

s
0.00 ; ; : : : : :
0 50 100 150 200 250 300 350
S (m)
Courtesy L. Na&lski
M. Apollonio - Low Emittance Lattice
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motivations

alignment techniques
girder concept [Diamond]

24 cells x 3 girders + 2

girders (mini-beta sections)

= 74 girders

‘FLVDT m\o’rion sensors

' bellow @ G2=G3

\
' \
X

rﬂuumw“‘—f‘:
M

conclusions

o
LVB? motion sensors
bellow @ G3 end

" [ / ) { '
(b (A s
* d
3

diamond

24/28




alignment techniques

motivations girder alignment [Diamond] conclusions

Initial tests with single girder moves ...

Diamond
VC8G2 Survey Assisted Girder Alignment
heave=+197um SAGA
e “‘””hL x 107} CELL #8 - differences after move
m Thy R : |
o T 1 0 ¥
5 o . ﬂ |HH|H| E o9 9 . A4 v—v
S 1 dVCM - MACHINE | _
HJ[ H i Y v dVCM - model
- _2 o V © dVCM - model+BBA
155 160 165 170 g (m)175 180 185 190
——
- CM variation correctly reproduced when BBA corrections
p— \ N are introduced in the model (as done in the machine)
‘\\
24/04/201,6 M. Apollonio - Low Emittance Lattice Design dla[']QSO/Qd
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. .
motivations
Microfocus MX 124 102 MX 103 MX

ircular Dichroism B23 ¢ 104-1 Monochron

slength MX //. 104 MX: Macr

scopy B22 ARPE
N

on 122

n H9

FS

scopy

deamline B16 High Re

& Magnetism | ]6
y Pair Distribution

Extreme Conditions JEEP: Joint Eng

inoprobe for Complex Systems

transparent re-alignment [Diamond]

- Diamond is a densely populated environment

- leading idea: re-align SR with no impact on
operating beamlines

- orbit variations compensated by Golden

Offsets at primary BPMs
- initial single girder tests

- now remotely controlled system (a la SLS) for

multi-girder moves

(cells 4, 5 & 6 equipped and commissioned)

w | TR at BL-105: BBA (1) and orbit restoration via Golden Offset (2)

VC4G2+G3

heave G2= -275 um G3 = -250 um
pitch G2 =15 vurad G3 =-17 urad

‘|||| i

DY (um)

100

2001

(2)

300

| J 400,

Diamond

change after BBA + GO(4,7)=23%um

| i

| |

100 110 L L

M. Apollonio - Low Emittance Lattice Design
ALBA (Barcelona)

\ \
1 )
80 90 100 110
S (m)

T B E R
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alignment techniques

motivations transparent re-alignment [Diamond)] conclusions

8/4/2015

TR at BL-105 19/12/2014 - C5G1G2 moved

- C4G2G3 moved - BBA

> - BBA > - Remove all GOs

- GO - transparent to BL - Re-align beamline

0) initial configuration

/538 Sum, 17 3 orad 3
\3‘95.8 um,-15 urad 3

-
-
v

v

1696.4 w7 3urac) /6‘98.4 um,7.3 urad )

- - ——— - | 3] S g W = — |
n? 1683 fm, BB urart au&'_-“"-- 1654 fmiede war o Jr’adh’.-' AR
22 ed .2 peg 1
" ﬁ%?um,&&uraﬂ) ﬁmg@m}e wddh 1395 sl s ﬁ%\w,mmm)z urad 3
Significant VCM
C4 C4 C4 -
C5
CELL #4 - after move + BBA
03
BBA offsets (4 cycles) v o e o e e e e e
” 03 ® new PREDICTED ¥CM
—; 0 go== ::ﬂ,::::::Q::::::i . [ 1
p—1 L e o _o I T 1
50 1 . £ pdm—————— Lr i ) a s | Q l,
® g '~ . . : |
e , IR i1 [T 1 Fol I
§ o machine BPw3 ' . | Ll I I 1
1 5 1 del . :Em‘; 1 7 R I 1
a o mode o BPME o ~ CELL b atr v+ B84 - G
200 ° BPMT e move+BBA
mp wTE o . T ow o omTw o w g o o ' | ... beamline re-aligned: all GOs = 0 |

Very good agreement ) | diamond

: A+ GO(4,7)=239um | attice Desi
24/04/2048] Model vs Machine |M-4 7| GO(47)=23%um | atiice Design 27/28
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motivations alignment techniques conclusions

A collection of tools for beam based alignment is available and has been well
tested at several different light sources

ORM technique at ASLS shows that sextupole horiz. and vert. offsets can be
measured with beam to an accuracy of 10-50 um depending on magnet location.

Together with quadrupole roll measurement and girder roll correction, this was
instrumental to reduce € (~quantum limit)

Girder alignment with remote control proven at SLS (important to reduce vertical
emittance to 9pm).

Encouraging results being obtained at Diamond.

= Beam based alignment techniques can potentially achieve measurements of the
magnetic centre of magnets to precision comparable to the best bench-top
_ techniques

\
24/04/201'6 M. Apollonio - Low Emittance Lattice Design dla"!?/!!d
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Thanks for your attention ...

diamond
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alignment techniques

orbit cross-talk: LOCO [Diamond]

SPARES

LOCO: off diagonal sector of the ORM to fit a number of machine
arameters such BPM gains and couplin BPM rolls from
" ° P LOCO @ Diamond

Inclusive measurement of BPM mechanical rolls and electrical cross

talk between the X and Y electronics channels

BPM Coupling
0.2 | 1 | | I | l | |
> O1F ¥ % : 1 3 —— 1t fit
_;. J &;‘, ,L ; ‘;, Tx. - )‘S x ?‘ ‘“ Nﬁ w‘k‘ ‘ 'x,y ,¥
3 Ol e 5 B | 3R Ko | 18 TULBS L A VYR LLA Y gl | 2
O ] ‘-‘A-% P ’(* xx K; (i '35 FINREY " x“* } § k~ i “‘)5“1,‘* P e
XOOApE xRy % ¢ X &l %% X i 3rd fit
y X % §
X
02 | ] | | | | | |
20 40 60 80 100 120 140 160 180
BPM Number
Courtesy R. Bartolini
0.2 | l | I | | l |
— o 01T —— 15t fit
—_— £ " % f ;g¥ xx 3{ < X
= ‘: :" ? 2 'X ¥ ‘ b ¥ 4 : —r
g oW Wl e i nd il Wl iy g 1
— > ” : x - | - 3rd fit
g 01F
02 | | | | | | | |
0 20 40 60 80 100 120 140 160 180
BPM Number
N diamond
| | | o Iamon
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SPARES

i |
Till Factor + Horizontal Dispecsion [nl

ARTHA=LH=A&SE T=5ET LAl

Similar analysis based on in-house software. Measured via
corrector pattern analysis: exciting V orbit bumps at each BPM

and measuring H correctors

6.

=00

“RESE_+=A, 15 20 dat™ o 10:8
A==, 042 =} skay=EG. 8 mn (5.8 o noasored) ——
L] D
0.29
z
[
Z
i
B.27 g'
0.26 E
" Corrector currents E
within FOFB loop
w.2s - while changing the
the BPM reference
a.za | By +4=0.150 mm |
1
|
1
0.2% T
2.6 2.6 2.4 -2.2 | -2 -1.F -1
ORTHA= AR T T TRT BPM Til
1.8 i |

il |

i

) . . il —
BPM Tilt = Factor * Current Ratio horicontal Dimmsin o] ——

I i il

8
.5 ‘ ‘ - e T T W T AT
i
" i |
-1 - § i ] " : i b
¥ F
- ¥ i ' i F |
1.5 i I {I i i B o
L b 4 bt i
= "~ I i ' 1 II
15 mrad rms BPM Tifg  ~ i i '
-5 - I
. L M L
a =1} 180 p&1i1 240 258
=[nl

L4/ VL Lo

P

Yertical Dispersion from BFH Tilh [nl

=0 00E

orbit cross talk [SLS]

Before BPA Tilt Correction (rra=p.@eenors —k—
After BPH Tilk Correction {rns=@.0@155) —H
From BrA Tilt {rms=epezsrd —#—

y

Dispersion before Tilt CDrrectioift 2.3 mm rm
Dispersion after: Tilt Correction: 1.3 mm rms

[T

au
Horizontal Dispersion

pli) 158

288

250

Horizontally dispersive BFHs {48} b=t=t
Fit: rm:-e.msmﬁ:uwg\—

Correlation 'l'
Dispersion from BPM Tilt vs;
Measured Dispersion

=@, o

=0 @G =0oged =0, 002 L] 0.egz

Vertical Dispersiom [nl

ALBA (Barcelona)

o, mgd

BgaG

b, bed

BPM rolls from
Orbit cross-talk @ SLS

Dispersion function
looks more like a
betatron wave after
cross talk correction

Results cross checked
with LOCO

Courtesy M. Boge
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SPARES transparent re-alignment [Diamon

TR at BL-105 (19122014): effect of orbit tilt on 105 energy peaks (SHADOW simulation)

Diamond

HR-ARPES branch

Diffraction grating
292m

M3 cylindrical  Horizontally t¥ohissoktion

M1 toroidal : angle resolved
miror31m  defining
Toievor 20 slit37m Exit sits gg"‘“'“""““”“’“""y
m
42m 3
e — ) / A
M6 cylindrical — .4) £
inkifoe mirror 31 m —— =& )
29m M eliptical
toroid 48 m
Exit slits
7m
>
M7 plane mirror 40.3m ?
1»9\
Fresnel zone | [N
plate 47.8m
Nano ARPES
4781 m

105-MD 14102014 /screen.0502 Thu Nov 6 09:24:38 (

s E
]
L 3
i
1o f- 1 |
S s I 3 a i
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T ey R - — T = r
xph532460@ [ J [ ey 1| xphs3zese
ors |
o1 1ol
4005 & 2081
. EXTERNAL LIMITS
2
000 oy GOOD ONLY
>
L
o INTENS =
f( TOT RAYS =
4005 | £ LOST = 05+
GOOD = I
Color: [
Horizantal: : o
4010 Vartical; 1: % [usar unit] [
HiataHorizFWHM 0.0047568749
FitorizFWHM: 0.0050:
o1 ~dors 0.0049 2
FitVertFWHM: 0.0081672410 i
e b b Lo Lo bl hsuadunsl
0.015 0.010 -0.008 0.000 0,006 0.010 0015 0 100 200 300 400

]

\ diamond
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alignment techniques

SPARES transparent re-alignment [Diamond] conclusions

Cell 04 girder move 19-Dec-2014
TR at BL-I05 | g |
. . i i0523292_d7a’ A) Before move
spectrum before girder move - . ! \
2 = i i —— 'fit_i05-23292_d7a =
14.5x107 /=200 mA, uniform filing ' Eres =62.913 + 2.48e-005 E=62.913eV
e ele . . _ ' FanoWidth =0.0001 + 0 . -
0) initial configuration > | 140 ; FanoQ 40 GauB width = 4.665meV
= FanoOffset =7.9381e-009 + 5.1e-011
2 : FanoAmpl =4 4467e-009 + 4 97e-011
3 13.5 - | GaussWidth ~ =0.0046652 + 5.98e-005
8 :
& 13.0 !
% 1
12.5 - |
: e
12.0 - '
1
6289 62.90 62.91, 62 92 6293 62 94energy, eV
calibratred mbnochromator energy (eV)
1
- I — i05-23294_d7a’
11.0x10° | Shecium afer girder move ! — 'fil_i05-23394_d7ar B) After move+BBA
] E =62.915 + 1.32e-005 —
I =200 mA, uniform filling ! F:I;isowmtn —0.0001 : 0 € E=62.915eV
= 10.5 1 FanoQ =4+0 DE — +2 V
= FanoOffset =3.1384e-009 + 3.07e-011 = me
1 ) move + BBA > 5 10.0 — FanoAmpl =5.5006e-009 + 3e-011 .
5 ’ I GaussWidth ~ =0.0051242 + 3.18e-005 GauB width = 5.124meV
— |
B 9.5 - X
a 1
% 9.0 — —/ :
——— i |
|
8.5 - : 7_‘_____
1
1
62.89 62.90 62.91 £2.92 62.93 62.94energy, eV
calibratred m'pnochromator energy (eV)
1
! — 'i05-23295_d7a’ . . .
[ spectrum after girder move, ! — -Ilt i05.23395 %h- C) Orbit re-stored inside
— BBA and golijﬂsi?o?r;blélﬁrt:éﬂp X Eres =62.913 + 1.18e-005 IDO5
= _ = : FanoWidth =0.0001 £ 0
2) Set GO bump 9 _. 1xio FanoQ =410
. e . 'é < FanoOffset  =3.0631e-009 + 3.02e-011 GO(4 7) = 23%9um
restore II1I|'IC|| Ol‘blf = FanoAmpl =5.3599¢-009 + 2.94e-011 !
g 10 GaussWidth =0 0045232 + 2 85e-005 E=62913eV
- - . E .
‘ g DE = 0 meV
]
{|e 9 GauB width = 4.523meV
[ B—
L ——
8 -
62.89 6290 6291 62.92 He energy peqk @ 105

calibratred monochromator energy’ Perfec'ly resiored dlamond

‘ 1 }
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