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« Characteristics of Cornell ERL undulator radiation
» Modified Linear Power Density (MLPD) and ANSYS simulations
» Wavefront simulation of X-rays through cryogenic mono
* An example of X-ray scattering analysis of cryogenic mono
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Cornell ERL source and undulators S
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O\

>Lowem|ttance & round beam
\ ' ~High coherence mode: 25 mA
== High flux mode: 100mA

Delta undulators:

Small gap in both transverse directions;
K tuning by slide magnet array;
Polarizations: planar & helical,

5 m and 25 m long. Period: 19 mm
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8 possible combinations of source parameters
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Electron High flux High coherence High flux Highcoherence High flux Highcoherence High flux High coherence
source L mplanar 5Smplanar 5 mhelical 5 m helical 25 m planar 25 m planar 25 m helical 25 m helical
AE/E (%) 0.0186 0.0038 0.0186 0.0088 0.0186 0.0038 0.0186 0.0088
Current(ma) 100 25 100 25 100 25
=g, (nmrad) 0.031/0.025  0.013/0.011 0.031/0.025  0.013/0.011 0.031/0.025  0.013/0.011
BB, (m) . . 0.790r0./96  0.796/0.796 0.796/0.796 3.98/3.98 3.98/3.98 3.98/3.98 3.98/3.98
sﬂfd,,{um} 4.95/4.45  3.217/2.904 4.95/4.45  3.217/2.904 11.1/9.95 7.19/6.49 11.1/9.95 7.19/6.49
o"./o’, (urad) 6.22/5.59  4.042/3.649 6.22/5.59  4.042/3.649 2.78/2.50 1.81/1.63 2.78/2.5 1.81/1.63
Undulator Parameters
Period number 263 263 263 263 1315 1315 1315 1315
B (T) 1.2524 1.2524 0.8856 0.B856 1.2524 1.2524 0.8856 0.8856
| — 2.222 2.222 1.57113 1.57113 2.222 2.222 1.57113 1.57113
Beamline parameters @ 8keV
T/, (um) 5.86/5.44 4.43/4.27  5.86/5.44  4.49/4.27 13.1/12.2 10.0/9.55 13.1/12.2 10.0/9.55
¥ /T, (urad) 7.36/6.84 5.64/5.37  7.36/6.84 5.64/5.37 3.29/3.06 2.52/2.40 3.29/3.06 2.52/2.40
Brigh‘tﬁe&&’ 1.74x10% 1.20%10% 2.13x10%2 1.47x%10%2 8.69x%10%° 6.00x10% 1.07x%10%3 7.38x10%
Coherent flux® 1.03x10" 7.19x10%3 1.27x10 8.83x10%° 4.34x10" 3.32x10* 5.33x10% 4.08x10'"
Coherentfraction (%) 9.38 28.1 9.38 28.1 7.88 24.1 7.83 24.1
{g)lIn unit of phds/mo mrad2/0.1%8W, (bl in.unit ofoh/s/Q 1%B.W.
g = L v2iL |2
2n = 4w T NED
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Spectral Brightness (ph/s/mm? /mrad?/0.1%)

S
(@);
s

Characteristics of ERL sources
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Power density of 25m undulator, K=2.2218, at 45m
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Radiation power of ERL sources

On-axis maximum power density of Cornell ERL beamlines under high flux mode.

o
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Length of 12 beamlines

ERL planar ERL planar ERL helical ERL helical Sruiator Beamine TRatchet wall o
N 1315 % 1315 0 length (m)|length (m) sourc(e;nc)enter
L (m) 25 5 25 5 5 o5 75
by (m) 0.019 0.019 0.019 0.019 5 75 325
K 22218 22218 Kx = Ky =0.707 Kx = Ky = 0.707 5 75 375
dPAQ (Wmrad ) 1.10 x 10° 218 x 10° 340 x 10° 680 x 10° 5 75 325
25 85 43
25 95 47
U-A ID-27 BL19XU u20 us2 flux” 5 81 30
10m 25m 5 81 30
N 72 173 780 150 2x156 1315 5 78 30
yy (m) 0.033 0.023 0.032 0.02 0.0314 255 Zi ;3
E(GeV) 7.0 6.03 8.0 3.0 6 5.0 @
Bomax (T)  0.891 0.75 0.59 0.97 0.68 1.25 _
1 (A) 0.1 0.2 0.1 05 0.1 0.1 Assume mono locations:
dP/dQ 1.64E5 268E5 1.98E6 6.25E4 3.0E5 1.089E6 35m from source for 5 m undulators
(W/mrad?) ' ' ' ' ' ' 45m from source for 25m undulators

Requirement for mono: tolerate high power density
preserve high quality of beam
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Beam Slhit size Distance Radiation Power in

current (H=x V) to source power FWHM central

(mA) (mm) (m) (H x V) (mm) cone (W) K

25 m-long planar undulator

100 0.85 x 0.85 45 16.9 x 5.9 391 2.22

25 0.85 x 0.85 45 16.9 x 5.9 98 222

100 0.75 x 0.75 45 8.02 x 5.6 141 1.06

25 0.75 x 0.75 45 8.02 x 5.6 35 1.06

5 m-long planar undulator

100 1.5 x 1.5 35 13.2 x 4.6 401 222

25 1.5 x 1.5 35 13.2 x 4.6 101 2.22

100 1.3 x 1.3 35 6.3 x 44 140 1.06

25 1.3 x 1.3 35 6.3 x 44 35 1.06

25 m-long helical undulator

100 0.75 x 0.75 45 8.1 x 8.1 95 0.707

25 0.75 x .75 45 8.1 x 8.1 24 0.707

5 m-long helical undulator

100 1.3 x 1.3 35 6.3 x 6.3 94 0.707

25 1.3 x 1.3 35 6.3 x 6.3 24 0.707
\/
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The power limiting aperture for ERL mono: accept whole central cone

* For 34 generation source, power aperture can cut into central cone.
» For ERL, accepting whole central cone can avoid fringes at downstream.

5m undulator, high flux mode, 3.6keV, aperture at 35m, X-ray profile at 70m

Vertical Position
=
=

Aperture: 1 mm by 1 mm

Aperture: 1.5 mm by 1.5 mm

Vertical Position
=1

Horizontal Position
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« Less on-axis radiation power for undulators in helical mode. & %
CLASSE

K (Helical)
12002 05 : L5 1200

1000 11000

800 1800

Helical undulator has maximum on-axis
power density when K=0.707.

600 1600

N
o
o

dP/dQ (kW/mrad?)

400

dP/dQ  (kW/mrad?)

200 4200

0 1 1 1 1
0 0.5 1 15 2
K (planar)

 Radiation power in ERL undulator central cone comparable to 3" sources,
and can be similar for undulators of different lengths.

Undulator |Current (mA)| Slitsize | Distance to | Power (W) MLPD | X-ray energy
type (mm?) source(m) (W/mm) (eV)
Planar 25m 100 (25) 0.85x0.85 45 390 (97.5) [ 310 (77.6) 3600
Planar 5m 100 (25) 1.5x1.5 35 394 (98.8) | 178 (44.6) 3600
Helical 25m 100 (25) 0.75x0.75 45 94.5(23.6) | 46.7 (11.7) 83282
Helical 5m 100 (25) 1.3x1.3 35 93.8 (23.5) | 26.7 (6.68) 83282
Planar 25m 100 (25) 0.75x0.75 45 136 (34) | 69.3(17.3) 8000°
Planar 5m 100 (25) 1.3x1.3 35 135(34) | 39.7 (9.97) 8000°
aCornell helical undulators have highest on-axis power at this energy; A case of moderate K number
Cornell University 9
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Studies of LN2-cooled Si monochromator @@@

 Internal cooling: 3 different regions CLASSE

---8-- HxV=10x1 ; / H .
V= 50 . 3_reg|ons.
Wmm_2 :u; 10 s HxV=2x1 .-.-‘l; Llnear
mm L 378 g —*— Hxv=Ixd / Transition
. 023 g TRy Non-linear
mE z 1
B 813 @
By L 958
5
2,248
- 2323 ™ 10 100 100C
2.538 S
L 2.683 / Power P (W)

(Lin Zhang, et al., JSR 2003)

« Affected by both power and power density

APS 11D, maximal possible density: 160W/mm?2 Wah-Keat Lee, et al, 2001, JSR
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LN2 contact cooling, achievements on 3'd generation sources .\, =

—"T\::—‘-;_

Aleksandr Chumakov, et al, JSR 2004. (“latest”, therefore good results)

Source: ESRF, ID18, three 1.6m long undulators, 32mm periods

* Monochromator distance: 28m
» Maximal power on central cone: ~ 450W (@200mA, 11mm Gap) { Topview
maximal power through front-end: ~1000W T
* Si(111), 80L x 30W x 40D (in mm), LN2 contact cooling : . o
40 T T T T ¥ T T T | 1
N )
: : | oon__o_f 0.0@ IR
Major results (Si(111) : measurement @ 14.4keV): z { % & T oFEA-AE--2-2-25 7\
« Mounting deformation & vibration < 0.25 urad I | hyiin \K_y/”

* Ideal performance up to 570W
@ density up to 210 W/mm~"2.

» Acceptable performance up to 900W.
(BUT: heating area > central cone)

Rocking curve width (urad)
D

» Existence of “Si zero expansion region”

(with rocking curve broadening < 0.8 urad) 2
777777777777 Y - eeee------.  Si(333)

/ 43.2 keV
Solids: Gap scan of 2 undulators /0 '/350 a0 Bod | B
Very small destortions (~0.8urad) ~340W Heat load (W)

opens: Vertical slit scan with horizontal slits at different sizes (1, 1.5, 2mm: circle, square, triangle)

» Contact cooling gives satisfactory results.
* Thermal deformation determined by total power, power density, slits opening etc.

Cornell University
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Assumptions of LN2-cooled Si crystal for ERL

 Si(111), 30mm x 30mm x 80mm.
» Contact LN2-cooling from 2 sides.

DX/

CLASSE

* moderate effective film coefficient (5000 wm-2K-1).

(i) hcv = 3000 W m-2 K-1

--- fair thermal contact between copper and crystal;

(i) hcv =5000 W m2 K1 --- good thermal contact;

(iii) hcv = 8000 W m-2 K-1 --- excellent thermal contact;

(iv) hcv = 18000 W m-2 K1 --- side cooling coefficient equivalent to direct
internal cooling system with a cooling coefficient of hcv0 =10000 W m-2 K-,

-- Lin Zhang (ESRF), JSR, 2003

31412013 §:55 Ak

126.36 Max
1214
117.23
112.66
1n&.09
103.53
98.958
94.39
48,822
85.255 Min

o[ Cornell University
7/ Cornell High Energy Synchrotron Source

The thermal profile mainly determined by

the heat dissipation capability of Si
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Simplified analysis model & MLPD @

i
» We estimate thermal conduction in Si crystal with three different approximations at different regions:c%z\s‘é‘llE
- Lx W Radiation footprint
Q oy
3 3 (L>W)
5 (crude model)
v
(a) (b)
1D conduction: dq/dr =0. for r <wW/2
2D conduction with cylindrical symmetry: d(rgq)/dr=0, for W/2 <r < L/2
3D conduction with spherical symmetry: d(r?q)/dr=0, for L/2<r<oo
where q=-K(T)dT/dr

* Analytical analysis of cryogenic Si Laue monochromator by B.X.Yang (1993), using
approximation of Si thermal conductivity (SPIE, 1993):

KT =A/T-T))
with A=44.63 W/mm, and Tk=47.4K.

* With assumption of T=TO at far away from footprint: > T =T, + (T, -T,)exp(0.0183P,, )
where:

P, =[1+1n(L/W)/2.571]Q/L  We call it modified linear power density (MLPD)

Cornell University 13
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Comparison of Tmax with simulated Tmax

» Comparison of Tmax estimated analytically with Tmax
simulated using ANSYS, for Cornell ERL undulators.
(Tmax > room temperature are ignored)

200

180t

160

Tmax (K)
=
5

120t
100t

80
0

Cornell University

®

Cornell High Energy Synchrotron Source

MLPD (W/mm)

¢ Planar, ANSYS
+  Planar, Analytical +
O  Helical, ANSYS
X Helical, Analytical +
° 0
4X
S o°
()
&
»
20 40 60 80 100

DX/

CLASSE
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Use MLPD as metric for Si thermal deformation

» Parameterizing thermal deformation with MLPD

100

—
=

+— HxV=10x2

- Bk -- HxV=10x1
—— HxV= 5x2
HxV=2x1

£

Slope (arcsec)

—

_._Hx\.r::xj_\/ +
4
gt ¢

G

100

Power P (W)

& Our ANSYS results for ERL

Peak-Valley & Weighted RMS slope error (urad)

Simulated slope errors for ESRF and Cornell ERL undulators

o
DX/

CLASSE

—&o— HW=10x2, ESRF
—F— Hv=10x1, ESRF
———— H=5x2 ESRF
HxW=2x1, ESRF
—o— HxW=1x1, ESRF

& ERL planars

<7 ERLhelicals

(| Weighted EMS errar

L 2

10"

10°

Modified Linear Power Density (w/mm)

» We suggest “X-ray intensity weighted RMS slope errors, agys = \/UI(x)[E(x)—mean(E(x))]de}/JI(x)dx

(blue squares in figure), better comparable to experiments

* Linear region: MLPD < 50 W/mm

 Transition region: MLPD = 50 — 100 W/mm
« start of nonlinear region: MLPD ~ 100W/mm.

®

Cornell University
Cornell High Energy Synchrotron Source
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Volume heat effect

C: Surface load, 45m to surce,23mA
Ternperature
Type: Temperature
Unit: K

Tirve: 1 101.53 Max
99.54

97,53

25m undulator, 3.6keV (K=2.22);

146.72 Max 95,561

a0t ey High coherent mode (25 mA);
1575 o Mono at 45m from source;
1L o slit size 0.85mm by 0.85 mm;
ar.798 83.623 Min power: ~98 W

a0.209
83.82 Min

« Significantly decreased the calculated Tmax, for planar undulator at high K;
less significant for planar at lower K
(such as 8keV, K=1.06); , Tmax calculated with surface heat vs volume heat

negligible for undulator at helical polarization. 10 T T— -
B planar 3.6keV wolume
& planar 8keV surface
. ¢ planar 8keV wlume
X O helical 8.328keV surface
i . a X helical 8.328keV wlume
* Asymmetric temperature profile and £ -
asymmetric deformation &
10°t o & a ]
o ¢0 € .
10! 10°
MLPD (W/mm)
Cornell University 16
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* Volume heat - asymmetric deformation even after “rock curve position” correction
and “toroidal focusing” subtraction

25m long planar undulator, 25mA, 45m to source 25m planar, surface heat, E=3600eV, residual after toroidal fitting

DX/

CLASSE

35 0.2 5
’é\ —~
£ E o]
s ] 5
= = -0.2 4
E 19 £
S S -0.44
5] )
[a) o
0 -0.6 5
0.5 0.5
width mm) 05 -1 length (mm) Width mm) 05 -1 length (mm)
25m long planar undulator, 25mA, 45m to source 25m planar, 25mA, E=3600eV, residual after toroidal fitting
0.4 T
£ £ —
£ £ o2 e
c c e
il )
3 5 0
£ E
S 1y S 0.2
Q| T o]
o 0de"0 T e 4
05 ™\ ™ ] H-é
””””” 05 * 53
Q2
. i _ =
Width (mm) 05 -1 length (mm) Width (mm) 05 1 length (mm) § 2
S
7]
* Si deformation will mostly cause thermal “dip” g1
x
. ()
(thermal expansion <0 when T<125K) 5
g 0
=
-1 L
0 100

Cornell University

200

300
T(K)

400 500 609
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S D
» Small deformation for both 5m and 25m “helical undulators”, under any “gap” CLASSE
» Small deformation for both 5m and 25m “planar undulators” working at “normal” K (deflection parameter)

» Small deformation for any undulators working at coherent mode (25mA machine current)
» Improvement needed for “planar undulators” work at high flux mode at “closed gap”

Deformation for Cornell ERL beamlines (using volume heat load)

Power
density*
(W/mm?2)

Beam
current
(mA)

Distance to Slit size (HxV)

(mm x mm)

Foot print
(mm x mm)

M aodif. Lin. Tmax (K)
' ow. Den. |Ansys/Estimat]
(w/mm) ed

P-V slope error||_wr.ighted I'MS
(arcsec) erors(uraa)
(7 —directions)

source (m)

25m planar undulator, 3.6keV

Cornell University

Cornell High Energy Synchrotron Source

25 0.85 x 0.85 0.85x1.547 97.43 134.8 77.62 101.5 1.411 1.348
45 100 0.85 x 0.85 0.85x1.547 389.5 539.1 310.3 311.1 66.69 80.04
5m planar undulator, 3.6keV
35 25 1.5x15 1.5x2.73 98.8 43.91 44.60 95.2/ 1.019 0.898
100 15x1.5 1.5x2.73 393.9 175.1 177.8 193.7/ 10.4 12.5
25m planar undulator, 8keV
25 0.75x0.75 0.75x3.034  34.0 60.4 17.30 88.56/ 0.696 0.607
45 100 0.75x0.75 0.75x3.034 136.1 242.0r 69.3 126.36/ 2.399 1.94
5m planar undulator, 8keV
35 25 1.30x1.30 1.30x5.26 33.96 20.1 9.97 85.48/ 0.4185 0.3527
100 1.30x1.30 1.30x5.26 135.15 79.97 39.66 106.55/ 1.771 1.467
Helical undulators (mostly surface load)
45 25 0.75x0.75 0.75x3.159  23.62 41.975 11.66  [B6.93/87.75 0.700
25m
( ) 100 0.75x0.75 0.75x3.159 94.47 167.9 46.64 [116.0/123.9 2.90
35 25 1.30x1.30 1.3x5.476 23.46 13.78 6.68 82.26/84.24 2.24
5m
(5m) 100 1.30x1.30 1.3x5.476 93.83 55.51 26.72 99.79/100.6 1.71

4th DLSR Workshop
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How Si thermal deformation may affect beam quality

DX/

CLASSE
A simple analogy using geometric optics

A

Source Optics focus

» Slope errors do not change phase space size (Coherence preserved? possible)
» It changes optical size (S1 > S2).

* ERL small emittance is advantageous for high flux nano-focusing, will the small monochromator

thermal deformation ruin this advantage?
""C%j% Cornell University
g%q,m s

Cornell High Energy Synchrotron Source
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Wave propagation through deformed crystal G %
CLASSE

Kirchhoff’s diffraction theory:

U(P) = 4nf[U__ —|ds |

pikr N
U:a componemit of field amplitude, G can be = - etc. S\
‘ r

Which can be equivalent to Huygens-Fresnel Principle:

_ elkr
UP)= — | U—nrtds
)= [ v
S
If there is an optical element at S location:
—i elk?"
UP) = — f UT(x,y)——nids
A r
S
T(x,y) describes the change of field amplitude and
optical path by optical element with area S

Synchrotron Radiation \Workshop was used for the simulation.

Cornell University 20
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Evaluate wavefront deformation effect by 1:1 focusing & %
CLASSE

« Slope errors much less than rocking curve width
- No change of dynamic diffraction

» Slope errors affects X-ray phase shift locally.
The path length change as show in figure:
0A — AB = 2h x sin(a)

e Thin optics assumption
(transverse position shift by mono is negligible)

A

source 1:1 image
X equivalent source after mono

wavefront deformation
by monochromator

v

‘@% Cornell University 21
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For reall:1 focusing, “thermal curvature” has to be subtracted & %
CLASSE

25m long planar undulator, 25mA, 45m to source 25m planar, surface heat, E=3600eV, residual after toroidal fitting

3.
13 3
c 2 \g
i) o
T S
E 14 £
S S -0.44
3 3
0
0.5

0

Width (mm) 05 width mm) 05 1 length (mm)
o 9
SRW
Source Y Image
contalner /Al
1 1 1

f X,y f 1:1 f x,y_thermal_curvature_toroidal_fitting

Cornell University 22
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SRW simulation at the peak of on-axis spectrum & %
CLASSE

« Simulations were done at the energy of
on-axis spectrum peak

;f x10™® On-axis spectrum shift, 5m planar, H.F. mode, 8keV

3 On-axis flux density Peak at 8000 e
£ 12 (e=0, AE=0), fwhm=27.0eV I
3 On-axis flux density

L 10 fwhm=48.9eV I
o

S - Flux*10* of R=7urad

N 4
o ape , =60:
N D

& = ; S

- 41 'l \‘ i
= Peak at 7986 eV e v

- 2L ‘,4 \‘ i
X N kA

2| e 3

2 --‘---"'---. llll ‘;"“\ ey

g~ 0 1 1 LI

© 7.85 7.9 7.95 8 8.05
5 Energy (keV)
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&
;

\OX 7/
CLASSE
Focus without deformation Focus with deformation
Undulator First-harmonic  Current Residual FWHM, FWHM, FWHM, FWHM,
type energy (keV)  (mA) error (A)f  (um) (pm) (pm) (pm)
5 m planar 8.0 25 1.81/0.20 12.9 126 129 12.7
8.0 100 6.77/0.78 15.4 144 159 15.2
25 m planar 8.0 25 1.94/0.23 284 275 287 274
8.0 100 3.74/0.59 35.0 324 351 34.0
5 m helical 8.32 25 1.11/0.18 13.1 129 132 12.9
8.32 100 4.74/0.77 15.4 142 15.6 14.7
25 m helical 8.32 25 1.31/0.19 28.8 279 292 278
8.32 100 4.71/0.74 4.7 321 348 332
7 Peak-to-valley/RMS values of the thermal displacement after subtraction of toroidal curvatures.
Cornell University 24
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Position (um)

Position (um)

Results for helical undulators @ 8.32keV (maximum radiation power) & %
CLASSE

":'-g £.2 " s} "

E # (e) 6! (f) |
15 -

= 5m HC A 5m HF |

0 1

?—% 0.5 2

o . .

> %0 20 0 20 20 % 20 0 20 40

'*_E 25 6 .

ﬂn' 2 (8) -

g 15 25m HC -

o 1

e

“» 05

c

Qv 0 -

° 50 0 50

>

=

L

HC: high coherence mode; HF: high flux mode
solid, dotted: H & V profile without deformation
Dash-dotted, dashed: H & V with thermal deformation

PEwe) Cornell University
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(575
Results for planar undulators @ 8.0keV (not maximum power but more realistic) @)@

CLASSE
‘:;-'Ih
= 2 6
E s
= ‘
o 1
?-g! 05! .
o
2 % >
= 25 ™ 5
o
o 4
SIRE 3
£ 2
v 05 1
3
2 — i 0 50
= Position (um) Position (um)
L

HC: high coherence mode; HF: high flux mode
solid, dotted: H & V profile without deformation
Dash-dotted, dashed: H & V with thermal deformation

Cornell University 26

5 Cornell High Energy Synchrotron Source

4th DLSR Workshop R. Huang, Nov. 20, 2014



&
Cryogenic mono: scattering — seems well known and well taken care of & @

CLASSE

« Well known the importance of scattering shielding.
 Widely used in almost every monochromator.
 Feedback takes care the rest after shielding.

» Only few pays attention to scattering:
Eleonora Secco and Manuel Sanchez del Rio: “Monte Carlo simulations of
scattered power from irradiated optical elements” SPIE 2011
- Python interface for PENetration and Energy Loss of Positrons and
Electrons (PENELOPE)
- Simulated scattering from Glidcop mirror, Si crystal, Laue crystal

« Quantitative study of scattering might be useful for high energy and high current
beamline in specific cases

s % Cornell University 97
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Cryogenic mono for 171D upgrade (~2009) & %
CLASSE
Tested at maximum heat condition:

Closed gap (11.0mm, K~2.5)
Si(111) mono around 10 keV

(a) Incident X-rays eld
Si Crystal S

Crystal: 30x30x150

LN,pipes

1g downstream temperature at different white beam slit settings

A
B
C

E
water H

Temperature (C)

Initial testing: shield overheated !

1 1 1 1
50 100 150 200 250

~
20f
of
Time (min)
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1]

Monte Carlo simulation of scattering & %
. CLASSE
Photoelectric (K shell X-rays)
(E,%, K, €)
XOP Xravs Cofle%ent Scattering
) . EI XI ) e
Undulator A (E X E)_e)) Si block ( _)) _ o
P Incoherent Scattering (& depolarization)
T (E,%, K, €)
hergy Spectrums of Incident, Passed-Through and Scattered X-rays
* | | Totlal powerl in: 262.I1 Watt | .
ol roversseciiougt 158 wat |- \fgry high percentage of scattered power >50keV!
E tor Half intercepted power is transmitted beam:
. Should never “shield” transmitted beam !!
g Al Beam size: 1x1.7, incident power: 262W
g Total “out-of-crystal” power: 52.4W
2 Shield intercepted power: 32.0W
2 Transmitted power: 15.8W
B L : o Shield T increase: AT= 376 deg
0 20 40 60 80 100 120 140 160 180 200 .
Energy (keV) Remove downstream shield: AT= 133 deg
‘5%&)% Cornell University measured AT= 130- 140 deg 29
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Shield with small thermal resistance

Connect to LN2 block through spacer

(b)

Incident X-rays

2nd crystal

shield A

1st crystal

Ada

The Temperature Increase of Different Shields

180 T T
Shield One
160 . Shield Two H
Old shield Shield Three
ol shield wt back wall I
S 1201 New shield T
i:‘j 100 b
o
% 80 E
5
g eof -
q" . .
ol Temperature increase on shield
20 b
0O 5IO l(l)O 1I50 2(I)O 2I50 3(;)0 3I50 400 4‘50 500

Time (min)

Cornell University

0.5

0.45f

Temperature Change (C)
o
iy

o
i

0.05

The Temperature Increase of Return LN2

0.35

o
w
T

0.25f

0.2

0.15f

Shield One

Shield Three

Old shield
Old shield wt back wall |
New shield

100

150 200 250 300 350 400 450 500
Time (min)

0

Temperature change on return LN2

Temperature Change (C)

Temperature change on return water

0.3

o
N
a1

o
N

0.15f

0.1

0.05

The Temperature Increase of return water

Shield One

Shield Two ||
Shield Three
Old shield ]
Old shield wt back wall
New shield |

50 100 150 200 250 300 350 400 450 500
Time (min)

Shield Two ] @ @

CLASSE
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Conclusion & %
CLASSE

For Cornell ERL beamlines, cryogenic monochromator is good for:
Both 5m and 25m “helical undulators”, under any “gap”;
Any undulators work at coherent mode (25mA machine current) ;
Both 5m and 25m “planar undulators” working at “normal” K.

 Improvement needed for “planar undulators” work at high flux mode at “closed gap”.
(But will be fine if working at 3'd harmonic E=10.8keV, at 55m, where MLPD=114 W/mm)

 Wavefront distortion negligible or very minor from focusing perspective:
negligible effect on high coherence mode (25mA, helical @maximum power; planar @ 8keV);
minor effect on high flux mode (100mA, helical @ maximum power; planar @ 8keV)

e MLPD should be used to gauge thermal deformation. (not total power, not power density)

» For high energy beamline, thermal scattering could affect LN2 mono performance.

‘@% Cornell University 31
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