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In the last two year, the beam screen design has been
modified several times to attain:

Progress with the FCC-hh beam screen design

Improved heat transfer (for example, cold spray
copper ring in the outer surface)

Reduced transverse impedance (symmetric cross
section)

Higher pumping efficiency (larger pumping holes)

Easier manufacturing (polygonal shape)
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Q_E@’ Progress with the FCC-hh beam screen design
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Laser treatment
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BEAM DYNAMICS REQUIRED LARGE APERTURES
Large acceptance to accommodate vertical orbit error
Larger horizontal aperture to acgommodate injection (15.5 sigma)

s NE |\
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Beam Screen Design

) Cooling channel
Cooling channel Beam screen geometry  (Heat4oK,50ban) i o pigh-n

(He at 40K, 5Q_bar ]
Stainless steel (P506)

High-Mn High-N
Stainless steel (P506)

Colaminated Cu

‘(07\m thickness)

Colaminated Cu

(0.3 mm thickness)

41.6
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Mechanical Design

Lorentz forces

Lorentz force during quench
(one quarter beam screen)

140

1.5E10
120 14
E
E 100
=
E’ 80
8 e Reflector beam screen 1.2
% &0 —Sawtooth beam screen
—IE 40
20 1
]
0 0.02 0.04 0.06 0.08 0.1
Time (s)
0.8
0.6
0.4
0.2
Beam screen with reflector
Beam screen with sawtooth ONn,
Lorentz force (N/
m3)

New copper part increases 57% Lorentz force.
High copper electrical conductivity produces more induced currents, thus, more Lorentz force during quench.
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Mechanical Design

Stress analysis

Higher stress with new co-laminated copper.
Nevertheless, plasticity was not reached in any of its points.

Welding lines must be studied in detail to ensure its strength/

»

Bigger displacements provoke eventual separation
between stiffeners and inner chamber.

9 i Max stress: 1200 MPa

Max displacement exterior beam screen: 0.35 mm

Max stress: 700 MPa B

(MPa)
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Von Mises Stress

Max displacement exterior beam screen: 0.6 mm
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Thermal analysis

Synchrotron radiation impact

SR distribution changes with sawtooth.
Different heat load.

Helium inlet conditions
40 K, 5000 W/m2K, 50 bar

New copper layer produces different temperature distribution.

Helium outlet conditions
57 K, 5000 W/m2K, 50 bar
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Thermal analysis

Section 1 Section 2

Synchrotron radiation impact section Lsection 2

Helium inlet conditions
40 K, 5000 W/m2K, 50 bar

Section 1 Section 1 75

Most of the radiation is absorbed by the sawtooth.

Max/min temperature . )
80/40 K Stiffeners don’t act as a photon stoppers anymore.

Max/min temperature £5
45.8/40 K

Section 2 Sectlon 2 3%

> Max/min temperature High thermal conductivity in copper sawtooth Max/min temperature as
74140 K layer helps to reduce temperatures 46.3/40 K

Temperature

(K)
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Thermal analysis

Heat transferred to cold bore

Reflector Sawtooth
1 < Nuclear scattering: 191 mW/m 191 mW/m
2 + Synchrotron radiation: 2.4 mW/m 0.5 mW/m
3 + Thermal radiation: 1 mW/m 0.6 mW/m
4 « Beam screen supports: 100 mW/m 75 mW/m

5 « Imageturents
6 - Electronstaud effect

Max power allowed: 300 mW/m

Total thermal load transferred to cold bore with sawtooth: 267.1 mW/m
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Beam Screen Design

Beam screen evolution

Berlin 05/2017 Geneva 10/2017
FCC week WP4 meeting

1. Reflectors have been changed by an co-
laminated copper coating and sawtooth
synchrotron radiation absorber.

2. Copper strips have been eliminated since
copper coating increases thermal efficiency.

Francis Perez & Paolo Chiggiato: Progress with the cryogenic vacuum system of FCC-hh 16
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KARA (Karlsruhe Research Accelerator - Ex-ANKA)
BESTEX (BEam Screen Testbench EXperiment)
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15'PrototypedMeasurements:?l experimentaimonfigr ations
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15t Prototype Measurements:

Pressure Evolution Results

- 2.81E+22Ph/m‘:

|
| |
T T T T T T UL L]

we o (0

Geometry #1
L | llll L] T T LI ) lll'
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©
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Geometry@#3Q o
1E-12 Ll Ll
1E20 1E21

1E22 1E23

Photon Flux (Ph/m)
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15t Prototype Measurements: comparison with simulations

Pressures (mbar)

2.5GeV/130mA
3Ah 9.5Ah
Experiment | Simulations | Rel Discrepancy % | Experiment | Simulations | Rel Discrepancy %
Middle | 7.25E-09 2.30E-08 68.5% 3.71E-09 1.20E-08 69.0%
‘;\ Front 3.87E-09 4.70E-09 17.7% 2.44E-09 2.80E-09 12.9%
oL B oA
Back 2.42E-09 3.80E-09 36.4% 1.39E-09 2.00E-09 30.3%
Ciemalt
RGA masses
AKA
3Ah 9Ah
R\
”'”(“': Experiment | Simulations | Experiment | Simulations
@ H2 72.0% 29.8% 71.6% 36.4%
- CO 24.5% 28.9% 24.5% 27.1%
@ STEC CO2 1.9% 33.6% 2.4% 28.8%
ASTeC CH4 1.6% 7.7% 1.5% 7.7%
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#2:#1 + electrodes for photoelectron current
measurements

25t Prototype Installation:

Irradiation 4t config

Disasemble SetUp and transport

outside the ring

Assembly and comitioning
Outside the ring

October November
Shift Shift
Day Week "9-18 19-8 Day Week "9-18 19-8
44
1 Allerheiligen NO NO
2 NO NO
3 NO NO
4
1 5
2| 40 NO NO 6| 45 NO st
3 Tag d. deutschi NO NO 7 uo uo
4 NO NO 8 uo uo
5 NO NO 9 uo uo
6 NO NO 10 uo uo
7 11
8 12
41 0 st 13| 46 NO MP
uo 14 MP MP
uo uo 15 SUO SuUo
uo uo 16 SUO SUO
uo uo 17 MP MP
18
19
= Lo MP! 20| 47 NO st
M 21 uo uo
SUO suo 22 uo uo
SUO SUo 23 uo uo
MP MP 24 uo uo
25
26
43 NO st 27| 48 NO st
uo uo 28 uo uo
uo uo 29 uo uo
uo uo 30 uo uo
uo uo
44 NO NO
Reform NO NO

Transport ins
the ring
Commissioning

Bake out
Conditioning

Irradiation
2"d Prototype
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Next prototypes:
Considering several options:

Work in parallel with LASE, deflector &/or sawtooth
Final decision before welding (April 18 —July 18)

Cooli h L o LOONNGCRANNE!
0o0ling channel
g chan Beam screen geometry  (Heat40k 50ban g o igh.n

“ Stainless steel (P506)

High-Mn High-N
\ Stainless steel (P506)

4th prototype: Sawtooth (& electrode) ??
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10 Oct 2017

Laser Treated Copper

Surfaces have a
micro and
nanostructure

Optically black

Various laser
parameters can be
varied to change the
topology

Images (left) are of
different scan
speeds, 180 mm/s
and 30 mm/s shown
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v=80 and Micronanics

Varying power and scan speed at

A=1064 nm

P=20 and 10.5W ] 064 nm

=2 ns

F=40 kHz Pr_oduced Varying®PowerBndBcanBpeed?
H=0.02 um With .

1.2[

1

0.82
w

“ 0.67
—e—[20ENEBOENM/S3
0.48
o s : e 10.5BVEOENmM/sE
— «— 0.20
—e—[20ENE0ENM/s3
o
o 2002 4008 6008 300m 10008

EnergydeV)a

> Power normalised by scan
speed give similar results
within parameters explored

10pm 10pm
20 W 80 mm/s 10.5W 40 mm/s
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L1064 nm Varying speed and pitch

P=5 W

=70 ns

F=100 kHz Produced

H=5and 10 um with OptimisingBpeed@ndiitch?
v=100 and 200 Micronanics 1.z

mm/s = e

0.88

0.63 / —8—200Enm/sEL0FmE
¥ —8—100@nm/sELOGmME
. 0.42 200Enm/sBRME
400um 020 100@nm/sBEME
oz
oz 2002 4008 6002 8002 10002

EnergyfeV)a

> Same SEY observed for faster
scan speed when matched with

pm

S5pum
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Highest SEY->@A owest SEY

Compresse  Pumped
d air with flow with
glass glass

Francis Perez & Paolo Chiggiato:

SEM

Air, no Compresse Pumped
glass d air, no
glass glass

Progress with the cryogenic vacuum system of FCC-hh

flow, no
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Various structures

- Can make various shapes with different
structures all with different properties and
SEY

24
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Ceramic——s

Kr—)|

injection

Solenoid

Vacuum
pllﬂ]p

___Target: Ti-Zr-V/

x twisted and alloy wires

NEG coating studies

« Current work:
«  MOLFLOW modelling of the test facility - completed

» Deposition of Zr on a sample tube, ESD and pumping
measurements
+ Sample 1 (dense film) — measurements are completed, data
analysis in progress
+ Sample 2 (dense film) — measurements are completed, data
analysis in progress
+ Sample 3 (columnar film) — pumping property measurements
are completed, ESD measurements have started
* Next Steps:
* Modifying a facility for measurements with LN,

» Ti-Zr-Hf-V film to be deposited and measured at
temperatures between room temperature and LN,

» Design of a facility for cryogenic (dry system 4 K< T < 80
K) measurements

« Analysis of the experimental results
« Showstoppers
* None at this stage
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Samples 1&2 - dense Zr, sample 3 - columnar Zr

1.E+00B I I

I I I I I
8 -Tubel1 H2 -M-Tubel CO = Tube2 H2
= Tube2 CO -€-Tube 2 CO2 —&—Tube 3 H2

* » Pure Zr coated tube
+1.E-010 Y . .
= o /‘,* with a columnar
® : —7 structure
émz - - demonstrated good
o0 ~ i pumping properties
= P after activation to
;";_;1.503 - /,// 150°C.

- » ESD - to be analysed

1.6-048 <

1400 1600 1800 2006 220R 240R 2608 2800 3008
Activation@emperature,ACEl
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(QEC) Gas adsorption/desorption dynamics and SEY
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SEY

Argon Desorption (SEY)

Adsorption Desorption

60 -J.|""I""I'"'I""|""I'"'I'"'I""|'"'I""I""I'"'|'"'I""I""I""4: 60
5.5 E— —E 5.5 a E
‘ 900 eV 1| TF : ]
5.0F ] ﬁ 50fh :
4.5F ] 45F ‘ E
a0F ] 40f E
3.5F : 3.5F :
E ] > F ] ]
3.0r ] w3.0F § ]
s ] S h
2.5F ] 25F ¢ 3
[ ] o
2.0F ] 2.0F i 3
: 55 ] : 55 900 eV
g g E L o000 o o o]
1.0F 10eV ] S |_ 1.0F 3
C ] Fo ]
05 W ; > osE \ 10ev
E : E oo eo0e o o oE
0_0 wa RTRTUITET IRTR ATRTI FYTTEPRTEI CRTRTRTETY FRTRTRTORTRTTY IATU IRTTUTIRUITETA I S 0_0 L L L L H
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mbar)

-7

Pressure (10

0.40

0.35

0.30

0.25

0.20

0.05

0.00

Tempera
-_ p7 —— 40 amu _
- Pl ]
T AN TR

Temperaure (K)

Argon Desorption (TPD)

ture Programmed Desorption (TPD)

e Characteristic desorption

behaviour

* First desorption process

around 20 K (P1)

e Second desorption process

@ 30K (P2)

* Other desorption after 50 K
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Argon Desorption (TPD)
- Temperature Programmed Desorption (TPD)
AQ o T T T T | 6.0 prrm e ™ 0,20
: ——40amu 4 .t ® 10eV 1
e 035} P2 1 >3 ® 900 eV 3018
INFN : ] sof —— 40 amu ]
Lok RS j0.16
0.30| 1 ask s )
C ] : e E
‘.\ : . 4.0:_ [ ] —50.14 .
~eea § oot 1. 12 3 Correlation
£ 3.5} R
Stemat | 2 o0f 150! o 5 between P1 and
— S o0 g 4 .
—ANa 8 oist o1 1 25 joos 3 SEY Slgnals
KIT : 1 2% joos
0.10:— —: 1_55 _
@ [ 1 - 10.04
A 0.05[ ] 1'05
[ 1 o0.5F 1002
Temperaure (K) Temperature (K)
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mbar)

-7

Pressure (10

Laser Treated Sample

Temperature Programmed Desorption (TPD)

0.50 e frerrrre IRARRERARR IRRRRRRRRE T 3
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Conclusion

Impresive work by the team

Thanks
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