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TCSPM design scenarios

= TCSPM: low-impedance secondary collimator, jaw in MoGr

= Same as LHC TCS design cases

= Slow losses
« Nominal operation: 1h BLT
« Accidental case: 0.2h BLT (10s)

» Direct beam impact (incident)
« Asynchronous beam dump: 5 full LHC bunches impact
« Beam injection error: 288 SPS bunches impact
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Cases1h-0.2hBLT

« HL-LHC 7 TeV 25ns (standard) ~ 1hBLT

* N, = 6.0E+14 - losses on the full collimation
system 1.68E11 p/s - 8.34E11 p/s (1h - 0.2h BLT)

» Configuration: 20 retraction (TCPs@5.70 and Steady-state
TCSPMs@ 7.70)

« Most loaded collimator is a skew TCSPM in the 9380
position of TCSGA6L1 Time (s)

iy Figure 1: Power deposition according to the 1h BLT case.
- Energy deposition on TCSPM %

Power (W)

1hBLT 0.2 h BLT % 0.2h BLT
= 0\ Transient
GeVip kW GeVlp kW 2

Tank 86.35 2.03 86.35 10.15 %

Left Jaw 395 9.30 395 46.5

Right Jaw 3984 9.38 3984 46.9 P I

Total 20.71 103.55 .

Time (s)

Considering a normalization factor of ~0.875, provided by EN-STI Oms  10s  10ms
(Eleftherios Skordis), due to the losses on other collimators Figure 2: Power deposition according to the 0.2h BLT case.
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System description

____ Cooling pipes, interface 1

= , N— Power dep. [KW]
omponents aterials
> 1h BLT 0.2 h BLT
4 20

Blocks MoGr 6403 Fc

: Clamps
Taperings MoGr 6403 Fc 0.6 3 P
Clamps Glidcop Al-15 1.37 6.85
Cooling Pipes CuNi 90-10 0.35 1.75
Housing Glidcop Al-15 1.8 9

Clamps
Counter plate  Glidcop Al-15 0.43 2.15
Stiffener Glidcop Al-15 0.76 3.8
_ Counter plate and 3
Convective coeff. (v=3 m/s) 13800 W/(m?2K)
o Figure 3: Cross section of the TCSPM jaw.

T initial of water 22°C ‘
AT out-in cooling pipes 14°C - 24°C - /' interface 4
Conduct. int. 1 - 2,3 83000 - 25000 W/(m?K) (\

Conduct. 4 (10 cm CuBe cable) 660 W/(m?K)
Figure 4: BPM electrode and pin.
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Geometry
071172017 10:06

D 4L stainless steel

[] 316L (nax)
] &lumina (21203

[ ] Cumigo-10
[] Glidcop &I1-15

D Kowar

[ t6G-6403-Fe

Optimized design for BPMs’ heat dissipation

Figure 5: Old design for BPMs cooling of TCSPM collimators.

« A 1mm-thick OFE copper-made disk has
been inserted all around the BPMs to
improve its thermalization;

« A direct contact between the cooling
pipes and the BPM case is therefore
provided.

Geometry
0771172017 10:50

D 304L stainless steel
[] 316L (nes)

[ Zlurmina (£1203)
D Copper OFE

[ ] Cumig0-10

] Glidcop Al-15

l:l Kionar

[ tG-5403-Fe

Figure 6: New design for BPMs cooling of TCSPM collimators.
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Results: temperature field (1h BLT)

* Previous BPM design - 316LN electrode « Enhanced BPM design - 316LN electrode

453.04 Max
405,15
357,24
309,36
26L.47
213,57
165.68
117.79
69,894
22 Min

453.04
405,16

314.87 Max
26151
21362
165,74
117.86
69.973
22.09 Min

Figure 7: Temperature field on a cross-section of the TCSPM collimator with previous (left) and enhanced (right) design..

« Power on BPM =67.03 W « Power on BPM =67.03 W
* T.,a = 453 °C (on the electrode) * T.,a = 315 °C (on the electrode)




Results: total heat flux (1h BLT)

* Previous BPM design - 316LN electrode « Enhanced BPM design - 316LN electrode
2.0076en 200766
1.632%e6 Max fiel

5.2501e
5.25e5 4500285
4.5e5 3.7504e3
3750 1es 3.0005e3
300015 2.25068e5
2.2501e5
;-55u'31'15185 ;.Ssuusu;es
16.819 Min i

Enhanced heat
dissipation

Figure 8: Total heat flux on a cross-section of the TCSPM collimator with previous (left) and enhanced (right) design..

-"'.f' y - r.;'
:I' ERM |.\\,I ENJ
Y .

=l ENCIZERING



Results: temperature field (1h BLT)

« Enhanced BPM design — Ti electrode « Enhanced BPM design — Al electrode

171.9 Max 133.55 Max
155.26 12116
138.61 108,78
12196 96,395
105,32 8401
BB.ETL TLA26
y 12,025 59,241
55,374 46,856
38733 34,472

22,086 Min 22.087 Min

44308 2

Z ® Aluminium 99.5%
8 3.5 Lo% e, = Titanium
5 EN %o & Copper OFHC
m - ®re . = Stainless steel
dﬂ 2.5 .0 o.... =TiN
- L]
gé 2 if-"’giei::::l‘.‘hcgl ..°°-.ooooo
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Figure 9: Temperature field on a cross-section of the TCSPM collimator with Ti electrode (left) and Al electrode (right) featuring the new design.

« Power on BPM =43.60 W « Power on BPM = 39.04 W
Tax = 172 °C (on the electrode) . T...=134°C (on the electrode T, = 78 °C)
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Results: temperature field (0.2h BLT)

* Previous BPM design - 316LN electrode « Enhanced BPM design - 316LN electrode

68411 Max 92577 Max
610,54 409,84
478.98 3 536.97 413.91
2 ’ 46341 357,499
389.84 206
316.27 146,14
2427 190.21
169,14 134,28

95,568

564.55 S 22 Min

1755

18,256
22,143 Min

Figure 10: Temperature field on a cross-section of the TCSPM collimator with previous (left) and enhanced (right) design.

» Electrode: 316LN (Power on BPM = 335.15 W) « Electrode: 316LN (Power on BPM = 335.15 W)
T ax = 685 °C (on the electrode) * Tax = 526 °C (on the electrode)
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Results: temperature field (0.2h BLT)

« Enhanced BPM design — Ti electrode « Enhanced BPM design — Al electrode

327.65 Max
204,38
26112
227,85
194,59
161.32
128,05
94,7248
61.522
28.257 Min

247.16 Max
222,84
198,51
174,19
148,87
125.54
101,22
76,893
52,569
28.245 Min

SEY values out
of design limits

Figure 11: Temperature field on a cross-section of the TCSPM collimator with Ti electrode (left) and Al electrode (right) featuring the new design

» Electrode: Ti (Power on BPM = 203 W) » Electrode: Al (Power on BPM = 195.2 W)

Thax = 328 °C (on the electrode) * Thax= 247 °C (on the electrode T,,,, = 169°C)
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Results: summary of numerical predictions

= Power deposition on downstream TCSPM BPM

BPM Total Deposited Max Power Density
Absorbers Power [W] [MW/m3]
Electrode

1h BLT 0.2h BLT 1h BLT 0.2h BLT

MG6403Fc 316LN 67.03 335.15 43.9 220
MG6403Fc Ti 43.60 203 20.1 101
MGG6403Fc Al 39.04 195.2 16.6 83

» Max temperature on downstream TCSPM BPM

BPM Enhanced Max Electrode
[ Temperature [°C
Absorbers Electrode Cooling p [°C]

Design 1h BLT 0.2h BLT

MG6403Fc 316LN No 453 684
MG6403Fc 316LN Yes 315 526
MG6403Fc Ti Yes 172 328 <«—— Available from supplier
MG6403Fc Al Yes 78 169 <+«—— SEY out of design limits
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Experimental tests on TCSPM/TCSP BPMs

= Test description

Tramp = 500 °C/h

Atemperature * Cycle #1: T, 400 °C
* Cycle #2: T,,; 500 °C
Trest oo , , . Cycle #3: T, 600 °C
Troom : : >
— time
30 mins

A HP network analyser within a frequency
range up to 6 GHz.

* A synthetic 200 ps step is applied at the
input of the button feedthrough.

« The pulse travel along the coaxial line and
Is differentiated by the button capacitance.

» Current specification: BPMs buttons

should withstand a temperature of
T =300 °C (steady state )

4 Jan 2000 14:24:13

CH2 521 RE 1. 19,751 mU B30 ps

SmW REFOU
1 Max amplifude

Max

CH4 S21  RE Smll REFOU 1:33.760 ul 806 ps

Cor
Reference button feedthrough-— E
i _,:":L’_ l,:::::j:" i STOP 2 e
AR outt  pert2 Figure 12: Above: the
e 5 4 Network analyser measured amplitude of the
A W00 button’ response; left: the
network analyzer used to test
button feedthrough under test - the BPMs buttons.
Pl .
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Experimental results on TCSPM/TCSP BPMs

= Thermal cycles on BPMs (T,,.,, = 500 °C/h)
A
temperature 316LN Electrodes

- . Cycle #1: T, 400 °C

test === : : . Cycle #2: T, 500 °C

- | | «  Cycle #3: T, 600 °C
room L ' P>

Y time N
30 mins Figure 13: The broken (left) and pin-distorted (right) BPMs.

Impulse Response Amplitude Visual inspection

Pick-Up Normalized to Ref. BPM
L . Jaw type
ocation Before After After After After Before After After After After
HRMT23 | HRMT23 | Cyclel | Cycle2 cycle3 | HRMT23 | HRMT23 | Cyclel | Cycle2 cycle 3
Ref. button 1.000 1.000 1.000 1.000 1.000
MoGr Upstream TCSPM 1.004 0.992 0.991 0.990 0.991 Ok Ok Ok Ok Ok

Dot on Dot on Dot on Dot on

MoGr Dnstream MOGr+MoGr 5984 0988 0986 0987 0.988 Ok 2Ot 201 ¢ 2Ot ( 20t (
pin side pin side pinside pin side

CuCD Upstream _ 0985 00991 0989 0.990 0992 Ok Ok Ok Ok Ok
CuCD Dnstream CUCD +MoGr 1503 1011 1.010 1.009 1.010 Ok Ok D'Sgi’r:ted D'S;?:ed D'S;‘i’r:ted
CFC Upstream  ¢sp 1.007 1005 1005 1.006 1.008 Ok Ok Ok Ok Ok

CFC Dnstream CFC+ Glidcop (5 gg6 1.125 1.112 1.114  1.125 Ok Broken* Broken* Broken* Broken*

5/)‘" @ _ 09/11/2017 M. Pasquali, CERN 14



Conclusions

= Numerical tests

New design effectively enhance the BPMs heat dissipation (= - 140 °C/-160 °C for
316LN electrode in 1h/0.2h BLT scenario);

Sensible additional peak temperatures reduction on BPMs with Ti electrodes in both
the 1h BLT (= -140 °C) and the 0.2 h BLT (= -200 °C) scenarios (commercial solution);

Al electrodes deliver the best performances in terms of temperature peaks (78 °C
and 169 °C )but, due to high SEY, they may cause the appearance of an electron
cloud over the BPMs region possibly affecting the beam.

Experimental tests
No electrical change up to 600 °C;

Deformation of the pin at 400 °C on one button. Not affecting the behaviour during
operation;

Results on 316LN electrodes show that Ti-made BPMs would be probably able to
withstand the beam loss thermal load up to the 0.2h BLT case;

Discussion with the supplier to deliver BPMs with Ti electrode by LS2.
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