»
TN
)

.
S

\

5
i
¥

e ; -
ST IR T
'y e '—‘"\'." P
. 5 5 S
B 3 e e ST e
-~ - ’ e

A

s\‘ ;

LN £

5 MR

DEELSWOFKS 0p 2015

L

ho

-
- s & s
. ) A
- Y




A

~ALea The ALBA machine provides:

Vertically integrated photon flux (100 mA)

1.E+11 — — ESRF (6 GeV)
——ALBA (3 GeV)

1.E+08 - - -ANKA (2.5 GeV)

Spectral intensity [photons/s/mrad®/0.1%bw hor.]

1 10 keV 100
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A{QA The idea behind IXD:

LEH3 g
TE412 b — — ESRF (40mm crotch) ___]

T — . .ANKA (8mm crotch) To provide an alternative-
giig T~ —nABA(3SmMmcrotch) | to-pinhole vertical beam
Elow b TN size measurement,

§ioe PEETESIa I possibly in real time

€ LEH0A L ,___:_‘_rr_l_i_ ~1EA4 flux reducti
LEH03 £---mmmmmmmmm e R G
1LE+02 T
1E+01 .
1E+00 +— iy "t
0 20 40 60 80 100 120 140 160 180 keV

Crotch absorbers

IXD|detector
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ALea Crotch absorbers

Type 4 (glidcop)

bottom jaw

Tooth width: 6 mm
Teeth inclination angle: 8.8°

1700 mm 35 mm of Cu

to source 2 mm of steel
Ray tracing shows that radiation

from previous dipole does NOT
pass by the IXD, so we are looking
at a single photon source
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~ALesa How it looks like

“Sabsorbend £

-’k/?,
s

Storage ring sectors: 16
Dipoles per sector: 2
Absorbers per dipole: 4

Given the space constraints, there are 2 possible IXD
locations at the end of each sector. We choose the one
closer to the source (second dipole).
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~ALea Green-paper study

«Aciuhw( ovar 4 usee i
11/10 - 29/49/ 2014

[OOSR D0 O ‘ o
'0 i ¢ 3 4 5 & 18

=" () (e

A,a;u}r&d YU~ Wi
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~ALesa Scintillators

PreLude’s20

Chemical composition: Lu, ;Y0 ,SiO.:Ce

S bt BB |ight yield: 32 photons/keV
CRYSTALS Decay time: 41 ns

Scintillation emission wavelength: 420 nm

Available size: 1”7 x 0.8 mm, 1 mm, 2 mm

1T T
SAINT-GOBAIN

— 4 \ CRY19 asilicate single crystal for X-ray detectors.

‘ Chemical composition: unknown
‘ Light yield: 28 @300K [10°Ph/MeV]
\ ’ Decay time: 41 ns

Scintillation emission wavelength: 420 nm
Available size: 1”7 x 1 mm
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~ALesa Scintillators

Photon absorption by common scintillators (0.8 mm thick)
Simulation by XOP

12 ¢
1 = Cadmium [CdWO0O4]
; — Prelude®s20
0.8 |
—YAG [Y3AI5012]
06 1 — = LUAP [LUAIO3]
0.4 —
02 |
.D i i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I 1 1 1 1 I 1 I T T i T T T T i T T T T
0 20 40 60 80 100 120 140 160 180 keV
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~ALsa Theory & expectation

Vert e-beam size at source (inside dipole): 24 um (o,)

Vert e-beam size seen by pinhole: 23 um (a,)

Vert e-beam divergence at source (LOCO): 1.6 urad (a,)
Photon divergence (XOP simulation) at IXD location: 26 urad (a,q)

loco

y.e

 [urad]

Electron beam divergence o

-m-Integrated Intensity

—+Photon Divergence

we look here:
at35 mm Cu + 2 mm Fe

T T T
5 10 15

: : : : : :
20 25 30 35 40 45
Cu thickness [mm)]

Expected vertical photon beam size at IXD:

Ophotons,ixd — \/(Ue)2+R2(C¥32 -I-C(ixdz) =48 um

pinhole
_ source
E point
8o
_b>s
@
N
w
£
@
@
el
c
2
8
w IXD
FOV
21 . : : . :
0 0.2 04 0.6 0.8 1
Bending magnet length, [m]
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ALesa Best IXD shots (@10s)

540
550
560
570
580
550
600
610
620
630

220 240 260 2a0 300 320 340

Typical pinhole image
IXD images

Main and secondary spots

500 g

480

460

440 : e ) : L a0

420 T o B - 1

[mm]

400 £F e SR

380 : ! i ; ey | o0

360

340

320

4 8 10 12 14 18 18 am
<« outwards, inwards — [mm]

200 250 300 350 400 450
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ALesa The teeth imprint

Main and secondary spots

[mm]

4 8 10 12 14 16 18
<« outwards, inwards — [mm]
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CCD: fe34/diffs-02-ccd
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~ALesa Current status

(@1s)

Z)

—4—F502/ [XD-01—
13-Jun-2015 22:36:17

180

*Filename: ixd1_1s_1mmPL.edf | 160
: : g Moise amplitude: 8.9
Bl | SigmaY (ph) 70.85 [um] 1140

Sigmay (e*): 56.35 [um]

PreLude :
1 mm

8-Jun-2015 19:16:01

100 f S jiax amplitude: 7.3
It o a2 GUET fhloise amplitude: 1.8
e e gmay (ph): 83.57 [um]
' igma' (2): 71.64 [um]
300 eamsize_CR [um]: [60.9,28.2] &

400 §

500 §

600 §

@ 08-|un-2015 19:15:56R

| Max amplitude: 47 .4
MNoise amplitude: 4.2
Sigmay (phy: 71.63 [um]
Sigma (e*): 57.35 [um]
Beamsize_CR [um]: [81.0,28.2

100

200

300

FOV: around 18 x 13 mm .

400 e - s o . PreLude
son [ e ) BESEMT G o
°
"

:{osure: 1 -

1000 1200
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~ALesa Current status

B

I ! ! [ ! [ I [

o
[(=}
|

photon beamsize

o
[o0)
|

S
~
|

= = XOP simulation: 6=48um
m— Sourse e-beam (Y): c=25um =
= |XD measurement: c=60-85um

S
(o)
T

<o
>
T

Intensity (normalized)
o (=)
w (8]
| |

0.2
0.1
0 |
0 20 40 60 80 100 120 140 160 180 200
um

Measured photon beam size is quite far off the expected value.

Photon divergence corresponding to the measured values is: 32-47 urad
Copper thickness corresponding to this divergence: <5 mm !!!
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~ALesa Coupling scans

0,
1.3% 0-%'_
coupling coupling
Rootses) pOO+ &a
—Vertical e-beam size seen at pinhole -=Vertical e-beam size seen at IXD
0.07 IXD1 (Sectorl)
£ PL0.8 mm

0.06 /
0.05

Eaalpsatn M

0.04 !
0.03
P e
0.02 I I I I T I
0 200 400 600 800 1000 1200

timestamp
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~ALesa Coupling scans

I Qe W
v _ 2.4%
0.3% e oot T T DOCR 10270 A o | DOCn 10050 ma] ? .
. coupling
coupling a &
o ¢, : 5,074 nm*rad a,:57.79 pm = ¢, : 4,864 nm*rad 7,:57.00 um
€t 0.016 nm*rad ot 20.75 pm €, 0.062 nm*rad 7, 40.03 ym
1001x:0.31 % angle: 2.46 ° 100 1.28 % angle: 13.64
POO+ Bw OO+ Bw
12':' | | 1 1T [ININEIE N
S, (pinhole)
100 c, (ixd2) Cry19
G\_.-' (ixd3) PL 2mm
ail F \f\ u JLJ YR T
B0 | -
_-_J——--
0+ 4 —
d I
A | | | | | | | | |
a0 100 150 200 250 300 350 400 450
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Screen materials test

AL B A
g7 PreLude 2mm (1s) (S13) //
— y =1.0512x+25.754 PreLude 0.8 mm (1s exp) (S01)
£ g R? = 0.9843 e ' P
=
aQ 47 PreLude 2mm (5s) (S13) -m-PreLude 2 mm (1s exp) (513)
x y =1.0116x +27.917 /
27 R?=0.9926 ——PreLude 2 mm (5s exp) (513)
o o7 Cry19 lmm (Ss) (S02)
E y = 0.8649x + 32.552 -e—Cry19 1 mm (1s exp) (S02)
S 62 R2 = 0.9345
Q
T < A PreLude 0.8mm (S01)
= z y=1.241x+17.419
2 5 g R? = 0.9961
]
Nz —-mn
47 o
” | | | | PL 2mm (15s) 1
19 29 39 49 59
Vertical e-beam size by Pinhole [um] PL2mm (55) 1 27 992
CR1mm(1s) 0.8 32 .934
Sensitivity to remaining flux > 130 keV (most to least): PL.8mm (1s) 1.2 17 .996

A. Nosych

PreLude (2 mm)
CRY19 (1mm)
PreLude (0.8 mm) < cleanest

measurements
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A Penelope & Fluka simulations

ALBA

to evaluate the PSF enlargement by secondary emission

Penelope:

Secondary electrons tracking ON
produced 0.1% more beamsize
w.r.t to tracking OFF

Gaussian 130 ke Kalpha = ON

Intensity ratio hefore/after:
Fluka: 87224571
XOP: 50955414

Fluka:

Secondary Cu photons (K_alpha)
tracking ON produced 0.2% more
beamsize w.r.t. to tracking OFF

0.9
08
07
06

0.5

04

Intensity (normalized)

03
02

0.1

== == = Fluka simulation (fit). c=53pm
== = = Penelope simulation (fit): =38um
=== XOP simulation: o=48pm T
— Sourse e-beam (Y): o=25um -
— XD measurement: c=80-85um

A. Nosych
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ALea Vertical bumps

NORMAL

Bumps of 50-100-200-300 um are detected well by the IXD
(calculating the difference in Gaussian centroids)

Relative beam position Relative beam position
350 - : \

350 : ; ; ; ;
5300’ R ) 2300.; - . - :...
E : < L -

[ 250} P S 250 . °
= w

7} | o . Q Lo o
g 200 ) 2 2001 e

£ I : , , @

§ 150 ® ® 2 150 ® ®

— .. o : ®© '

51 om £ 1007

-g 5oL g : ®

o * ® g Ve

QS e "N eamam @ | =

-50 : :

0 20 40 60 0 100 200~ 300
: BPM Vertical beam position, [mm]
Timestamp, [au]
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~ALesa Conclusions

We see a linear correlation between beam size measured by IXD and Pinhole

There is a linear offset which is not understood:
- Optics effect? (DOF checked, pixel size calibrated)
- Secondary emission? (checked by tracking simulations: Fluka, Penelope, which

explain the negligible enlargement by secondary photons and electrons)
- Other?

IXD measurements with different screen materials: results are similar but
measure different beam sizes, intensities, and have different sensitivity to high
energy x-rays.

IXD measurements in different but geometrically-identical machine sectors
show difference in photon intensity and IXD image shape.

Difficult to get to sub-second measurement due to overall low residual flux
(absorbers are doing a good job).

Difference in attenuation by identical absorber is not fully understood as well
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ALBA

Thank you!
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ALea Motorized setup (fail)
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Auesa More absorption

2 Absorption by 0.8 mm scintillator

\\\\ ——cadmium
08 \I —prelude
\\ \ (Fais)  —yag

\ \ * \ ...... |uag
0 ) R - - luap

i 4

{

._\. .
, | | | | . ‘ . | . ——
0 20000 40000 60000 80000 100000 120000 140000 160000 180000 20000C
eV
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~ALesa Coupling scans

CRY19 (1mm screen) PreLude (1mm screen) PreLude (2mm screen)
012 v T 012 T T 012 T -
0.1 0.1 0.1
0.08 4 0.08f 0.08
pinhole o pinhole o pinhole o
006} ixd oY [0.5sec] |{ 0.06} ——ixd oY [0.5sec] |{ 0.06 —— ixd o [0.5 seq] |+
ixd oY [1 sec) ixd oY [1 sec] ixd oY [1 sec]
0.04 T 004 0.04 T
0.02 { 002 1 oozl
ok : : : : - ok : : : : : oL : : . : :
0 200 400 600 800 1000 0 200 400 800 800 1000 0 200 400 600 800 1000
102
PreLude 1mm (S01)  PreLude 2 mm (SO1)  CRY19 1mm (S01)
y=0.8612x+63.616 y=0.8616x+60.811 y = (0.8576x + 57.874 /
92 R2 = 0.9906 R?=0.9943 R2=0.9 -
8 ——PreLude 0.8 mm (1s exp) (S01)
-=-PrelLude 1 mm (1s exp) (S01)
7 —+—PreLude 2 mm (1s exp) (S01)

-#-Cry19 1 mm (1s exp) (S01)
/ —Linear (PreLude 0.8 mm (1s exp) (S01))
62

—Linear (Cry19 1 mm (1s exp) (S01))

Vertical e-beam size by IXD [um]

PreLude 0.8mm (S01) —Linear (PreLude 1 mm (1s exp) (S01))
y=1.241x +17.419 —Linear (PreLude 2 mm (1s exp) (S01))
i y

42 T T T T T
16 21 26 31 36 41

Vertical e-beam size by Pinhole [um]
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~Lea Backup: IXD calibration

FOV measurement

Pixel size calibration
DOF test (typically 1 mm) so focusing on either side
of the screen is OK

Calibration can be cross-checked online by looking
at the shadow of marks (if visible, especially at high
CCD exposures)
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