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Introduction	
Shower	simulations	for	the	Betatron	collimation	IR	(2.7	km):		
q  Warm	magnets	

o  8	dipole	modules:	
§  17	m	long	warm	dipoles	
§  magnetic	field	1.8516	T		
§  beam-beam	separation:	250	mm	and	400	mm		
§  changed	return	coil	design,	to	protect	them	from	radiation	(A.	Milanese)	

o  24	quadrupole	modules:	
§  15.54	m	long	
§  very	simplified	design,	LHC	inspired,	with	400	mm	beam	separation	

q  Collimators	&	Absorbers	with	same	design	and	composition	as	LHC	

	
o  Passive	absorbers	

§  TCAPA.6L	in	front	of	MBW.B6L		(1.5	m	long)		

§  TCAPB.6L	in	front	of	MBW.A6L	(0.4	m	long)	

§  TCAPC.6L	(1	m	long)	
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Collimators	 Length	[m]	 Aperture	[σ]	 Material	 Number	

Primaries	 0.6	 7.6	 CFC	 3	

Secondaries	 1	 8.8	 CFC	 11	

Active	absorbers	 1	 12.6	 tungsten	 4	

FCC	quadrupole	

TCP	



FCC	Power	Sharing	
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Power	Fraction		 Horizontal		 Vertical	

TCP	and	TCS	jaws	 5.1%	 6.7%	

Warm	dipoles	 16%	 13.7%	

Warm	quadrupoles	 4.6%	 5.4%	

Passive	absorbers	(TCAP)	 8.6%	 7.9%	

Beam	pipe	 14.2%	 14.2%	

Tunnel	wall	 44.4%	 44.9%	

Other	Elements	 3.1%	 3.3%	

Neutrinos/E	à	m		 4%	 4%	

			q  Expected	losses	assuming	12	minutes	beam	lifetime:	
o  the	total	power	is	11.8	MW	

q  Power	sharing	between	the	different	elements	of	the	warm	section	for:	
o  horizontal	halo	(already	presented	in	April)	
o  vertical	halo	à	new	tracking	simulations	from	Daniele:	

§  https://indico.cern.ch/event/636633/contributions/2577517/attachments/1454980/2252891/
FCC_cleaning.pdf	



Power	on	Collimator	Jaws	I	
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Collimator	Jaws	 Horizontal	[kW]	 Vertical	[kW]	

Primaries	

TPC_D6L	 0.02	 14.7	

TPC_C6L	 23.1	 158.7	

TPC_B6L	 209.0	 260.8	

Secondaries	

TCSG_A6L	 233.6	 220.9	

TCSG_B5L	 8.2	 10.6	

TCSG_A5L	 35.7	 40.8	

TCSG_D4L	 27.6	 33	

TCSG_B4L	 7.1	 8.2	

TCSG_A4L	 13.1	 10.8	

TCSG_A4R	 15.9	 13.7	

TCSG_B5R	 4.9	 3.9	

TCSG_D5R	 9.0	 6.7	

TCSG_E5R	 15.7	 10.9	

TCSG_6R	 3.5	 1.8	



Power	on	Collimator	Jaws	II	
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Active	absorbers	

Collimator	Jaws	 Horizontal	[kW]	 Vertical	[kW]	

TCLA_A6R	 74.5	 23	

TCLA_B6R	 13.5	 1.6	

TCLA_C6R	 2.0	 1.75	

TCLA_D6R	 2.6	 0.46	

Passive	absorbers	

Collimator	Jaws	 	Horizontal		[kW]	 Vertical	[kW]	

TCAPA.6L	 560.7	 450.76	

TCAPB.6L	 93.4	 73.37	

TCAPC.6L	 359.9	 404.74	



Vertical	TCP	
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Vertical	TCP	
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Horizontal	TCP	
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Skew	TCP	
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TCP.C6L for 12 minutes losses, xy distribution at peak, positive jaw
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TCP.C6L for 12 minutes losses, xy distribution at peak, negative jaw
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x-y-z	resolu=on:	0.24	cm	–	1	cm	–	10	cm	



First	TCGS	
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q  The	maximum	peak	power	density	is	on	the	
support	
o  new	simulations	ongoing	with	larger	

collimator	jaws	(2.5	cm	to	4.5	cm	thick	jaw)	

	



Horizontal	Halo	
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q  	Max	peak	power	density	on	
secondaries	on	the	first	TCGS:	

	



q  Two	dipole	modules	downstream	the	TCPs	take	more	than	95%	of	the	total	on	dipoles:	
o  MBW.B6L:	0.69	MW	

o  MBW.A6L:	0.93	MW	

	

Energy	Deposition	in	the	Dipoles	I	

20/07/17	 12	

 0

 50

 100

 150

 200

 250

-885 -880 -875 -870 -865 -860 -855 -850 -845 -840

Po
w

er
 [k

W
/m

]

z[m]

Most exposed dipoles for 12 minutes losses

MBW.B6L
MBW.A6LThese	two	peaks	can	be	

cured	with	a	dedicated	
mask/op=mized	absorber	
design	



Energy	Deposition	in	the	Dipoles	II	
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q  Most	exposed	dipole	modules	for	
horizontal	halo:	
o  MBW.B6L:	0.8	MW	

o  MBW.A6L:	1	MW	



Energy	deposition:	TCP	30	cm	
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q  The	active	length	of	the	TCP	has	been	reduced	to	30	cm	of	CFC	
o  vertical	halo	case

https://indico.cern.ch/event/636633/contributions/2577517/attachments/1454980/2252891/FCC_cleaning.pdf	

q  Energy	sharing	between	the	different	elements	of	the	warm	section:	

Energy	Sharing	 TCP	60	cm		 TCP	30	cm	

Warm	dipoles	 13.7%	 11.12%	

Warm	quadrupoles	 5.4%	 5.3%	

TCP	and	TCS	jaws	 6.7%	 4.4%	

Passive	absorbers	(TCAP)	 7.9%	 6.7%	

Beam	pipe	 14.2%	 10.6%	

Tunnel	wall	 44.9%	 33.6%	

Other	Elements	 3.3%	 1.34%	

Neutrinos/E	à	m		 4%	 3%	

11.4	TeV	missing,	investigation	ongoing:	new	
simulations	running	with	the		new	loss	maps	file	



Conclusions	&	Outlooks	
Conclusions:	

q  Simulations	with	vertical	halo:	
o  power	fraction	on	dipoles	reduced	from	16%	to	13.7%	with	respect	to	horizonthal	

halo	case	
§  maximum	total	power	on	a	dipole	module	=	0.96	MW,	maximum	power	per	meter	=	250	

kW/m,	but	bulk	below	100	kW/m	

o  6.7%	of	power	on	the	collimators	jaws	
§  few	collimators	with	total	power	above	100	kW:	horizontal	and	skew	TCP	and	first	TCS	
§  higher	peak	power	density	on	the	vertical	TCP	(x-y-z	resolution:	5	μm	–	5	μm		–	1	cm):	4	

kWcm-3	

§  maximum	peak	power	density	on	the	first	TCS	on	the	support	(x-y-z	resolution:	0.24	cm	–	1	
cm	–	10	cm):	800	kWcm-3	

Next	steps:	

q  Simulations	ongoing:	
o  with	shorter	primaries	&	new	loss	maps		
o  with	60	cm	long	primaries	&	thicker	secondaries	(4.5	cm	thick	jaw	instead	of	2.5	cm)	
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Back-Up	
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Power	on	Collimators	and	Absorbers	
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Collimator	Jaws	 TCP	60	cm	 TCP	30	cm	

Primaries	

TPC_D6L	 14.7	 6.0	

TPC_C6L	 158.7	 76.9	

TPC_B6L	 260.8	 119.5	

Secondaries	

TCSG_A6L	 220.9	 173.9	

TCSG_B5L	 10.6	 10.7	

TCSG_A5L	 40.8	 40.1	

TCSG_D4L	 33	 33.7	

TCSG_B4L	 8.2	 8.7	

TCSG_A4L	 10.8	 11.3	

TCSG_A4R	 13.7	 14.0	

TCSG_B5R	 3.9	 4.4	

TCSG_D5R	 6.7	 7.9	

TCSG_E5R	 10.9	 12.3	

TCSG_6R	 1.8	 1.9	

Active	absorbers	

Collimator	Jaws	
TCP	60	cm	

[kW]	
TCP	30	cm	

[kW]	

TCLA_A6R	 23	 24.4	

TCLA_B6R	 1.6	 2.3	

TCLA_C6R	 1.75	 2.3	

TCLA_D6R	 0.46	 1.2	

Passive	absorbers	

Collimator	Jaws	
TCP	60	cm	

[kW]	
TCP	30	cm		

[kW]	

TCAPA.6L	 450.8	 384.5	

TCAPB.6L	 73.4	 60.6	

TCAPC.6L	 404.7	 349.6	



FCC	vs	LHC	
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TRACKING SIMULATIONS
The input to energy deposition studies is generated with

the Fluka-SixTrack coupling [6], as currently done for
LHC [5, 7] and its upgrade; in this case, the proton beam
nuclear interactions are simulated by DPMJET-III [8, 9]
event generator embedded in Fluka [10, 11]. The initial par-
ticle distribution is an annular halo at 7.6� with a thickness
�� = 0.0015 in the horizontal plane, a normal distribu-
tion cut at 3� in the vertical plane and no energy spread.
The average impact parameter at the TCP is about 4 µm.
13.7 million particles are tracked for 200 turns for the case
of a perfect machine and using collimator settings from Ta-
ble 1. These correspond to the LHC design settings scaled
to the FCC normalised emittance of 2.2 µm and result in
collimator gaps that are comparable to the LHC ones.

Table 1: FCC collimation system at 50 TeV energy used
for the tracking simulations: families, length and material
of jaws, and normalised settings. The latter are expressed
in units of � for a normalised emittance of 2.2 µm in both
vertical and horizontal planes.

Description Name Len. [m] Mat. Setting [�]
Betatron TCP 0.6 C 7.6
Cleaning TCS 1.0 C 8.8

TCLA 1.0 W 12.6

Dispersion TCLD 1.0 W 24.0
Tertiaries TCT 1.0 W 10.5

RESULTS OF SHOWER SIMULATIONS
The calculated sharing of the beam energy deposition is

reported in Table 2 for both the FCC and the LHC. The
fraction named "Missing" is mainly due to energy to mass
conversion and to escaping neutrinos. A small fraction of
the order of permil is expected to leak into the cold section.
The 8 modules of the FCC warm dipoles absorb 16% of the
energy. The 24 quadrupole modules absorb only 4.6% of the
total and the maximum power on a module is about 100 kW.
Recently, a test has been done on an LHC quadrupole to
assess the damage induced by beam losses [12]. In the case
of steady state losses, with a beam lifetime of one hour, an
average power per meter of 1 kW/m is foreseen. The test
has shown that the induced temperature increase is accept-
able. At the FCC, in the same scenario, a similar value of
1.3 kW/m is expected. The higher fraction of energy impact-
ing on dipoles with respect to the LHC can be understood
considering that the FCC dipoles are 5 times longer, while
the upstream collimators and absorbers are identical. On the
other hand, the FCC longer quadrupoles are less impacted,
thanks to the protection o�ered by the upstream dipoles.

Energy deposition on the warm dipoles
The two most exposed warm magnets are the two dipoles

after the TCPs. The total power is 0.8 MW on the first one

Table 2: Sharing of beam energy deposition in the collima-
tion betatron cleaning insertion for FCC (50 TeV) and LHC
(6.5 TeV).

Element FCC LHC
Warm dipoles 16% 8.5%
Warm quadrupoles 4.6% 9.5%
TCP and TCS jaws 5.1% 10.5%
Passive absorbers 8.6% 13.5%
Tunnel and other elements 47.5% 42.4%
Beam pipe 14.2% 8.6%
Missing 4% 6.5%

(MBW.B6L) and 1 MW on the second one (MBW.A6L),
more than a factor 35 higher of what it is expected at the
LHC. Figure 2 shows the longitudinal distribution of the total
power absorbed. In both cases, the maximum is reached at
the entrance of the magnet and it is about 200 kW/m for
MBW.B6L and 300 kW/m for MBW.A6L. The two passive
absorbers in front of the two dipoles are identical to the LHC
ones. An optimised design, planned for future studies, could
certainly have a positive impact on the magnets load.

Figure 2: Longitudinal distribution of the total power on the
two most exposed dipoles, for a beam lifetime of 12 minutes.

The accumulated dose per year on dipole return coils has
been assessed to estimate the e�ectiveness of the new design.
The maximum value, assuming 1016 protons lost per year
(i.e. the LHC design value), is 10 MGy. With an LHC-type
return coil design, the dose would be ten times higher.

Energy deposition on collimators
The most impacted collimators in terms of absorbed total

power are the last TCP and the first TCS, with 209 kW and
233 kW deposited on both jaws, respectively. These values
are about a factor 15 higher than the maximum value ex-
pected at the LHC. The other collimators are significantly
less exposed: their load is an order of magnitude lower. De-
spite the fact that the horizontal TCP absorbs a total power of
only 23 kW, it is the most impacted in terms of peak power
density. The expected value is above 40 kWcm≠3, consid-
ering a resolution in the x-y plane of 5 µm ⇥ 5 µm. For
secondary collimators, the maximum peak power density is


