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From EuroCirCol 2017 to EuroCirCol 2018
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= Matching section (Q4 to Q7) = D2:4 modules - different aperture & position
= Larger crossing angles (half-crossing angle from 89 -> 100 prad) = TAXN: Different aperture & position
. " D1: 4 modules — (slightly) different position » Beam separation distance: 250 mm )
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Apertures

TAS

= length:3.0m
= Aperture: 34 mm diameter

Q1A and Q1B (maxc)

»=  Magnetic Length/Field: 14.3 m - 126 T/m gradient
= Aperture: 164 mm coil diameter - 35 mm tungsten (INERMET180) shielding

Q2A to Q2D (maxp)

*=  Magnetic Length/Field: 12.5 m - 101 T/m gradient
= Aperture: 210 mm coil diameter - 35 mm tungsten (INERMET180) shielding

e 5 18 15 28 25 38 35 48

x [enl

Q3A and Q3B (maxE) Correcto = D1

48 T T T T T T
=  Magnetic Length/Field: 14.3 m - 100 T/m gradient
=  Aperture: 210 mm coil diameter - 35 mm tungsten (INERMET180) shielding

Orbit Corrector(s) (mcBxDHV/CHV)

=  Magnetic Length/Field: 1.3 m
=  Aperture: 210 mm coil diameter - 35 mm tungsten (INERMET180) shielding

D1A to D1D (mBxw)

=  Magnetic Length/Field: 11.3 m - 2.0 T field
= Aperture: 170 mm pole tip aperture - 5 mm thick vacuum chamber

% [enl
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Apertures

TAN

=  Length 5.0 m —4.0 m absorber
=  Twin Apertures: 52 mm diameter
= Diverging beam pipes: 104.2 mm (s=407.8 m) and 106.9 mm (s=412.8 m)

D2A to D2D (mBRrRw)

*=  Magnetic Length/Field: 11.3 m - 2.0 T field
=  Aperture: 85 mm pole tip aperture
=  Parallel beam pipes with different beam separation distance in the modules

MCBRDV

*=  Magnetic Length/Field: 3 m - 1.5T field
= Aperture: 70 mm coil diameter

Q4 (vay)
=  Magnetic Length/Field: 9.1 m — 144 T/m gradient
=  Aperture: 70 mm coil diameter

Q5/Q6 (may)
=  Magnetic Length/Field: 12.8 m — 168/127 T/m gradient
=  Aperture: 60 mm coil diameter

Q7 (mam)
=  Magnetic Length/Field: 14.3 m — 320 T/m gradient
=  Aperture: 50 mm coil diameter
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Rectellipse beam screen

MQY.4RA.H1, APERTYPE=RECTELLIPSE, APERTURE={ 0.028900, 0.024000, 0.028900, 0.028900 };
MQYL.5RA.H1, APERTYPE=RECTELLIPSE, APERTURE={ 0.020000, 0.018200, 0.020000, 0.020000 };
MQYL.6RA.H1, APERTYPE=RECTELLIPSE, APERTURE={ 0.018200, 0.020000, 0.020000, 0.020000 };
MQM.A7RA.H1, APERTYPE=RECTELLIPSE, APERTURE={ 0.015000, 0.013200, 0.015000, 0.015000 };

{half width of rectangle, half height of rectangle, horizontal semi-axes of ellipse, vertical semi-axes of ellipse}
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Collision Debris Power (FCC Week 2018)

Power Loss | Ultimate Instantaneous Luminosity 30-103% cm=2 s1
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Collision Debris Power

Power Loss | Ultimate Instantaneous Luminosity 30-1034 cm™? st
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Collision Debris Power

All values in kW 2018 2017
Element .Colc! Cold Warm .Colc! Cold Warm
Shielding Mass Mass Shielding Mass Mass
TAS 26.5 26.5
Q1A 4.6 0.78 4.7 0.78
Q1B 13 1.92 12.6 1.89
C1 0.06 0.06 0.06 0.06
Q2A 1.53 0.32 1.47 0.22
Q2B 0.7 0.09 0.77 0.11
Q2C 4.6 0.63 4.54 0.61
Q2D 5.93 0.81 6.4 0.89
C2 0.51 0.05 0.71 0.08
Q3A 6.02 0.77 5.38 0.71
Q3B 7.8 0.95 7.57 0.93
C3 0.94 0.17 0.87 0.15
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Collision Debris Power

All values in kW 2018 2017
Element .Cold. Cold Warm Folc! Cold Warm
Shielding Mass Mass Shielding Mass Mass
D1A 4.99 5.06
D1B 3.57 3.74
D1C 3.57 3.59
D1D 3.96
TAXN 107 112
D2A 0.07 0.08
D2B 0.01 0.012
D2C 0.003 0.006
D2D 0.002
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Collision Debris Power

All values in kW 2018 2017
Element Fold. Cold Warm .Cold. Cold Warm
Shielding Mass Mass Shielding Mass Mass
c4 0.017
Q4 0.12
Q5 1.01
Q6 0.22
Q7A 0.12
Q7B 1.59

Statistical uncertainty for the matching quadrupoles: 1-3%
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Collision Debris Power

FCC Week 2018
(Last Day Summary)

R19.9

............

O Dipole cooling: 0.5 kW x 6 dipoles = 3kW

U Need of ~4x dipole cooling for the cooling of Q1 shielding -> 13kW

O Active cross section (beam screen cooling channels) => 2 x 4 x 16.6=132.8 mm?
v’ Cylindrical capillary equivalent diameter => 15mm
v' 0.8mm pipe wall thickness

CERN . Energy deposition from collision debris in FCC-hh EIR
\ i ' A. Infa ntino . o 4t EuroCirCol Meeting, Karlsruhe, 17-18 October 2018. 17.102018 | 11



Margin to Quench: Triplet (FCC Week 2018)

Q1-Q3 - Peak Power Density | Ultimate Instantaneous Luminosity 30-1034 cm= s1
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Margin to Quench: Triplet

Peak Power Density [mMW/cm?3]
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L. Bottura, 11T Magnet Operating Margin:
- “Expected MBH quench limits (Nb3Sn magnets) -> 100 mW,/cm? to 200 mW/cm? localized peak loss
for steady state beam losses”
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Margin to Quench: Q4-Q7
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Triplet Coil Insulator Lifetime (FCC Week 2018)

Q1-Q3 - Integrated dose | Ultimate Integrated Luminosity 30 abl
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Triplet Coil Insulator Lifetime

Q1-Q3 - Integrated dose | Ultimate Integrated Luminosity 30 abl
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Triplet Coil Insulator Lifetime

CROSSING POLARITY & PLANE ALTERNATION

Dose. porl:iO:JEl 1Ib".L'Iasm.‘vcrllc;jlcrosslmg " Idea by S. Fa rthouk (CERN BE_ABP)
15 |
w0k = 20 ~ peak dose profile, per 3000 fo', L* 45 m  ancient layout example
\\\ 30 P T T T T T T T T T T T T T T
B SF 5% Ny v-crossing, spectrometer off —=
5 of = h-crossi e
= m% Ny 50% h, 25% v+, 25% v- |—e— Dose, per 3000 fo'!, L* 45 m, combination
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x Jem] (5“ E 0 8 %
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- - 1
the interplay of crossing plane M
. . @ 15 2
and magnetic configuration 53
1 1 | alas 1 1 1 o
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Dose. per 3000 167 L* 45 m. horizontal crossing " % [om]
15 |
w | @ S5
_F 5F
_‘% °F § [ I il i
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distance from IP [r] equalizing the dose in three spots,
T 5 a reduction of more than 35% can be achieved
5 F on the maximum dose, i.e. a 60% lifetime increase
s lasaaly 1 alag 1 alaaas lasy "]
e e e From FCC Week 2018
xcm,
2018 April 10t F. Cerutti FCC-hh accelerator: Design II FCC week, Amsterdam 8
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https://indico.cern.ch/event/656491/contributions/2930726/attachments/1629604/2596922/Cerutti_IPlosses.pdf

Triplet Coil Insulator Lifetime

‘ OPTIMIZED Q1 SPLITTING

ancient layout example . -
Y P idea by R. Martin (CERN BE-ABP)
L*=36m | length | gradient | coil ID | W thick.
[m] [T/m] [m m] [mm] IR peak dose profile, per 3000 fb'1,
45 T T T "
QiA 10 239 92 21 ! unsplit, 15mm shielding —=—
[ unsplit, 20mm shielding
Q1B 10 200 110 24 40 | split =
Q2A&B | 17.5 189 115 15 35
Q3 20 191 115 15 i
30 |
) E
S o)
& [
the maximum dose at the Q1 (non-IP) end is counteracted _i:?__gg_'
by increasing in Q1b the coil aperture and the absorber g
thickness, thanks to relaxed beam aperture requirements = 15 L
in Q1. Qla provides strength compensation. [
10 |
5f
o [ ] 0 ] ] 1
From FCC Week 2018 20 p” 50 ~ %0
distance from IP [m]
2018 April 10t F. Cerutti FCC-hh accelerator: Design II FCC week, Amsterdam 9
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D1-D2 Coil insulator lifetime

D1 - Integrated dose | Ultimate Integrated Luminosity 30 abl
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Q4-Q7 Coil insulator lifetime
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Q4-Q7 Coil insulator lifetime
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Q4-Q7 Coil insulator lifetime
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(FES)

summary

Take-Home Message:

TRIPLET

v No significant changes in the Triplet-D2 region from FCC Week 2018: the increase in the peak dose and power
density is compatible with the increase of the crossing angle.

MATCHING SECTION

v' Q5 and Q7b:
= Severely impacted from collision debris;
= ~1kW total power to be dissipated.

v Overall, all the matching quadrupoles will face a severe radiation environment: peak dose results, from a first
evaluation, significantly above the design limits.

v The current study does not include any collimator (TCLs) or mask for this region: a careful design of a dedicated
protection is therefore necessary.
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D2 Coil insulator lifetime

D2 - Integrated dose | Ultimate Integrated Luminosity 30 ab’l
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Margin to Quench

NOTE: energy and power are intended as averaged over the cable

N bss n VS N b—Ti We expect Nb,;Sn to

be significantly better \/
(factor 3...5) for

T T T steady state loss
103 | We expect Nb,Sn to be better \/+ 1103
(factor 2) than Nb-Ti for very ; .
_ fast events (1...10 ps) _——s=—"_ ] L. Bottura, 11T Magnet Operating
E SN \ 1 & Margin:
2 102 - 1102 2 '
E — 2 “E d MBH h limit
£ : z xpecte quenc imits
= | é (Nb3Sn magnets) -> 100 mW/cm3
g 10'F /\/ | — MBH@TTeV) 1y g to 200 mW/cm? localized peak
: — MQPD 3.5 TeV ”
L Nb,Sn and Nb-Ti equivalent at MOPD 7.0 TeV loss for steady state beam losses
intermediate time scale (1...10 ms) Q Ve
1()0 r. M ol M M el ' M M el M " aal " . aal " M PR | 2 P 100
10° 100 107 10 107! 10" 10 102

Loss duration [s]

Nb-Ti from B. Auchmann et al., Phys. Rev. ST Accel. Beams, 18, 061002 (2015)
Nb,Sn from E. Felcini, unpublished data, 2018
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Margin to Quench

IR5: primary collision product fluence

Beam particle fluence {c:rrl'2 5'1} @ 10% cm2 s
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vertical average over 6 cm at beam height

better cleaning of collision product by TCL4

F. Cerutti, L.S. Esposito, A. Lechner, A. Mereghetti
FLUKA studies on TCLs in experimental IRs

LHC Collimation Working Group #146, 30 July 2012
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Margin to Quench

IR5: peak power

power density deposition - D2 and Q4
1 T

7.0TeV pll'omn @ L = 10%em%s" ' . . .
- ] - —_— —
OFF -oFF — Binning scoting: Az = 10 cm, AQ = 2 deg
TCL4 - OFF —— . . .
averaged radially on the entire coil
.
=l D2 Q4
Y * D2 not an issue
; * Q5 and Q7 protection required
oo * power peaks of about same order in IR1
e large statistical uncertainties could be
recovered with a two-step approach
oot 1;55 1lan 1IIES z (m)
power density Ejei)osi‘lion -Q5 power density deposition - 06 power density deposition - O7
10 T T T T T T T T T T T T T T T T T
W:::V proton @ L = 10%em s 7.0 TeV proton @ L = 10*em s 7.0 TeV proton @ L = 10°%m "
OFF - OFF OFF - OFF OFF - OFF
OFF - TCL5 —— OFF-TCLs —— OFF-TCLS ——
TCL4 - OFF —— TCL4 - OFF —— TCL4 - OFF ——
1k —.
ED.I}I - . . .
F. Cerutti, L.S. Esposito, A. Lechner, A. Mereghetti
FLUKA studies on TCLs in experimental IRs
0.001 1 L | I
193 199 226 227 228 229 230 21 260 262 264 266 268
9 z (m) LHC Collimation Working Group #1406, 30 July 2012
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