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Introduction

A Cleaning insertion is in charge of protecting the machine from losses by
concentratingthem in the specific areas

A Stored beam energis 8.4 GJ20times of LHC)

A Collimation system must stand a high loss scenarios of 0.2h BLT &80
U total beam loss power df1.8 MW(24 times as high as LIHGa real challenge for
robustnes®f the collimatorsand other exposed elements

A A multi-stagecollimation system ionsidered
U scaledup version of the LH&eaning system
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Betatroncollimation insertion

U Length of2.71 Y 5f#imesof LHetatron Cleaning Insertion s
Collimators Length (m Aperture ( « Material Number ,,,,f’f
Primary 0.3 7.6 CFC 2 i
Secondary 1.0 8.8 CFC 11 / d 7
ActiveAbsorber: 1.0 12.6 tungsten 4 /
Passiveabsorbers: /
A TCAPA.6L (1.5m lorig front of MBW.B6L
A TCAPB.6L (0.4m lorig front of MBW.AGL
A TCAPC.6L (1m lorig)front of MQWA.E5L <
AN O

A 8warm dipoles S e
A 17 mlong and1.85T magnetic field
A designof the return coilas changed to protect

themfrom the radiation(A. Milanese) A 24 warm quadrupoles

A beambeamseparationis 204 mmin thearc A 15.5mlong

and 400 mm in the center of the insertion A simplified design with 400 mm beabeam separation
A beampipe aperture is 29.5mm x 22mm A beampipe aperture of 15.26mm x 26.14mm
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Save the collimators

A 30cm TCRvas proposed to reduce the shower

Counterplates (stainless steel) development inside the primary collimators
Preloaded springs (stainless steel)

Main support Glidcop) A Thicker jawwasimplemented inorder to avoid the
Coolingcircuit (CuNi pipes) highest power density in the metallic structure

U TCPsjawsd 3.5cm (instead of 2.5cm)

Clampinglate Glidco
Pingplate D U TCSGs jaws 4.5cm (instead of 2.5¢n

Collimating jaw (CFC composite)

A Skew TCHith total power above260 kW was
removedfrom the layout
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Powerfraction on differenelements

LHC collimation system

Missing Energy TCP and TCS jaws
6.50/(‘ 10%

Other elements
5.9%

~

Warm dipoles 8.5%

Warm quadrupoles
9.5%

FCC collimation system

Missing Energy  TCp and TCS jaws
3.8% 2.7%

~_

Other elements
2.8%

Warm dipoles
15.4%

r

\

\Warm quadrupoles
r 6.9%

Tunnel wal| 38%
\_Beam pipe8.6%

Tunnel wall 44.1% |

Beam pipe 14.4%
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Power on collimators & absorbers

llimator TCP 30cm

CC)Jawasm TR e Thickercfla\?v?\?v/o TC TCRs0cm e Thicerci]Z\?v?\?vr/: TCF
Primaries (kW Active absorbers (KW

TCP.D6l 147 7.7 6.5 -56% — w.rtthe first design TCLA.A6 23 37.7 36.5 59%
TCP.C6l 158.7 99.2 79.7 -500¢ TCLAB6 16 2.7 2 25%
TCP.B6l 260.8 153.7 NA TCLA.CE 175 234 2.2 26%
Secondariet\\) ﬂp%”t ar':acmr of15  1cLADE o046 17 1.6  248%
TCSG.At 220.2 226.6 924 -58% igherthan LHC Passive absorbers (JW

TCSG.Bt 106 13.9 9.8 -89 TCAPA.€ 4508 501.9 545.1 21%
TCSG.AE 408 51.2 41.2 1%  about afactor of 3 TCAPB.€ 734 748 /8.2 1%
TCSG.D¢ 33 43.5 32.9 0% higherw.rt. LHC TCAPC.¢ 4047 45596 484.3 20%

TCSG.B¢ 82 11.7 6.4 -22%

TCSG.A¢ 108 141 116 7% (i Power on the most loaded primary collimator has bee

:::ggggﬁ 133; 1?'2 13356 123;:: red_uced from 260 kW to 80 kl_v\fé KI f é_)\ A=
e ' active lengthas well as removing the skew primary.

TCSG.Dt 6.7 9.4 7.2 7%

TCSG.EE 109 146 125 14% U Power on the most loaded secondary decreases for 6

TCSG.6l 18 2.4 2.3 28% by making the Jaws thicker.
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Peak power densign Vertical Primary

X-y-z resolution;p > ¥ p and'tm

X-y-z resolution:;p > pand'tm
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x-y-z resolution:0.24cm, 1cm, and 5¢m The most exposedcollimator in terms

—

of peak power density receivesa total
power which is more than a factor of
10 lessthan the Horizontal Primary.

For thelong termdamage, DPA
calculation is relevant (under study)

Peak power density (W/cm?®
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Peak power density on Horizontal Primary

X-y-z resolution:0.24cm, 1cm, and 5¢cm
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Powerdensityonthe First Secondary

T oo P20 - Ay | A TCsG.AeA 800Wem®
g sop ¢ NZ‘;j';‘:jZ: T - wd A TCSG.ASH 90Wem?
= 00| - A TCSG.D4 33Wcm®
2 500 -
T 400 | ! ¢ ; s
g 300 | 2 z
3 200 ¢ ¢ 5 . L% ogog I
= 100}, - e °- 3
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e + A TsGas ssvir
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= 80f ] =
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3 60f s g 8| LHCA 10WcmsS (15t Secondary
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Thermomechanical stu@ycobbi, F. Carra andBertarelli, ENVIME)

A MaxtemperatureA 330x for 4.5 cmjawvs393x for 2.5 cmjaw (coolingwater at 27 xC)
A Thermal induced deflectiod, 375um vs 1174um for 4.5 and 2.5cmjaws, respectively

A Plasticity on the cooling pipes is reduced and the remained might be addressedby a
different materialfor the coolingpipes

G: Static Structural
Directional Deformation §
Type: Directional Deformation(Z Axis)

D: FCC map 1h + 0.2h BLT with support_vGG
Temperature
Type: Temperature

Unit: *C Unit: mm

Time: 11.01 Global Coordinate System
Time: 1
330.12 Max
. 296.44 . 0.2464 Max
= 26276 0.20465 Y
229,08

Y
! 0.16291
012117
0.079425
E 0.037682

1954
E 161.72
128,04 ,
94.36 _ 'g'g‘:gggf
60.68 :
I 27 Min l -0.087548
-0.12929 Min
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Dipole modulesgfter primarycollimators

300

: : : . MBW.BG6L upstreanifor 1e16 proton lost per year)
T MBW.B6L —=— .13 ) e e WO R WL 1Y)

MBW.A6L o - Mg Copper coil

R

m ] G~ &
: >-101-§
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Copper coil
-40

100
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o

Dose (MGy)

o
—

® -50-40-30-20-10 0 10 20 30 40

40-30-20-10 0 10 20 30 40 50 °-°1

X (cm)
U Movingaway from the beanpipe, a
factor of 10 less dose othe return coil

0
-885 -880 -875 -870 -865 -860 -855 -850 -845 -840
Zz (m)

- Total power, Hottest segment| Removable pwer

MBW.B6L 0.68 (MW) 64 (cm) 57 (KW) A Maximum power per metens 270 kW/m
1% 4%of total length 9% but the bulk isabout 60 kW/m

MBW.A6L 1.1 (MW) 124 (cm) 156 (KW) A Maximum power ondipolesA 1.1 MW
18% 7%of total length 14% (22kW for LHC)
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R2E studyhigh energy hadrorffuence
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HEH (cm-2 y-1)

Talk ofA. Infantinoon Wednesday at 4:15
(Radiationenvironmentassessment
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Ozone production (dose In air)

. 0 (Qi)T(i)
0 (Nr i A w — Q-
Mmnx o Y p qQw ) o
o ' T8t @ 8t x Mmumberof produced/ moleculesper eV)
020 prfy piz EO 76
A1 piO ¢& A 1 (dissociation constant of )
AEA6 AI p&8 p 1 (decompositionconstant)

=1.6h

Ventilation rate:36000 nih!, T
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time (mins)
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A 2 x 1e16 losper 4800beamhours

A Assumed all energy loss in air is ionizi
A Power in air 202W

A Air Volume=58000 n?

g

= 82.8h
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A G ()N H=3.2E2
0.035 -
0.03 A
0.025 A
0.02 A
0.015 A
0.01 -
0.005 A

Nos(ppm)

200 300 400

time (ming)

0 100

10/04/2018 | 14

@ M. Varasteh O FCC Week 2028Beam Loss In Collimators



Summary

A With shorter (and less) primaries and thicker jatiee maximumpower collected by a
collimatorfor a 12 min BLi§ below 100 kW

A In thesurface layersf the directly impacted collimator, a power densitytehs of
kW/ccis reachedd calling for thermomechanical assessment

A Peak power density on thétsecondary collimator is reduced by a factoi7ofthanks
012 0KS AYONXickhe€ss Ay 0KS 21 gaqQ

A Thedogleg warndipoles 17m long,are subject taabout 200 kW for a 1h BIA

requiring a suitable cooling system
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Powerdensﬂy (60cm vs 30cr) Skew TCP

(60cm TCP)

Peak power density [W/em®]

(30cm TCP)

Peak power density (W/cm?3)

@ M. Varasteh O FCC Week 2028Beam Loss In Collimators

Positive Jaw —e—
Negative Jaw <
o
250 |-
-]
200 -
@
@ @
-] @
150 -
100 -
8
8 )
50 1 1 1 1 Il
-60 -40 -20 0 20 40
z[cm]
Max peak power density on the skew TCP
F‘ositivéjaw —e—
Negative Jaw e
100
90
80
70
i m
60 . T
50
B
5 & -
40 H
30
20 L L L L L
-60 -40 -20 0 20 40

60

Skew TCP - Positive Jaw

resolutionA 0.24cm, 1cm, 10cm

100

Peak power density (W/cm?)

0.01

10/04/2018

18



Distribution of touches (60 cm vs 30 cm)
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60cm TCP

Maria llaria Besana
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