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Outline

1 Detector modeling by FLUKA:

o  geometry
o magnetic field

1 Radiation load on the detector:
o all charged particle fluence rate
o longterm damage

1 MeV neutron equivalent fluence

dose

) Shielding:
o  shieldingin front of the forward calorimeter = effect on the tracking stations

o  shielding around the forward calorimeter = effect on the muon chambers

1 Conclusions & Outlooks
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Detector: Geometry
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More details in the back-up
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Detector: Magnetic Field

The magnetic field has been implemented:
S5 1 solenoid field directed along z in the central
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Field map provided by Herman Ten Kate and Matthias Mentink

13/04/16 M.1. Besana, FCC week 2016, FCC-hh Experiments and Detectors 4



Details about the Simulation

) FLUKA simulations using DPMJET-IIl generator

o  c¢-hadronsincluded (b-hadrons and W/Z bosons are not included)

-1 Normalization:
o  non-elastic cross section of 108 mbarn
o  fluence rates [Hz cm] for an instantaneous luminosity of 30 1034 cm=2s?
o 1 MeV neutron equivalent fluence [cm™] for an integrated luminosity of 30 ab™

o  dose [MGy] for an integrated luminosity of 30 ab™

1 The contribution coming from the triplet protection absorber (TAS) has not
been included in this simulation, since it is not in the cavern, but in the
tunnel

o itisexpected to be adequately shielded by the cavern wall

o  this will be evaluated with future calculations
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All Charged Particles Fluence Rate

All particles, for a luminosity of 30*10%* cm™?s™, y=0 All particles Fluence, for a luminosity of 30*10%* cm?s™, x=0
| 1e+12 1 1 B T 1§ 1 1 T T 1 T T T I T T T T I T T T T I T T T 1] I T 1e+12
- Effect of the magnetic |
] 1e+11 : Te+11
1000 - 1000 field: fluence dueto
] 1e+10 particles moving ] 1e+10
Ml ...« | 2 S along field lines ]
500 1e+09 500 , 1e+09
e T 1e+08 o _ L 1e+08 &
£ ANEEEE E |E ‘ E
8 0 1e+07 S |5 - 1e+07 S
v " --I .'.—IH"I“ Ir“.‘"[!‘- N : 0 1 nl“-q-'!.’—-rm;u 'r—--T.r + A
- ‘ 1e+06 — - il 1] LD 1e+06 —
-500 i 100000 -500 i 100000
] 10000 ] 10000
-1000; - -1000 -
] 1000 " 1000
I.llllllilllllllllllll- 100 L1 |||||||||||||||||||||- 100
0 500 1000 1500 2000 \ 2500 3000 0 500 1000 1500 2000 2500 3000
z [cm] z [cm]
. . . i Fluence Rate [Hzcm™2]
Central region (cylindrical Forward region
symmetry): (x-y-z scoring): first layer of the IB (R =2.5 cm) ~210%
the fluence rate value is average on a bin . N
_ max in forward detector 10
averaged in ©: of1icmuptoo.6
y= 0: average on a bin of 40 m and on a 10 max in barrel muon chambers /;155\
degrees around o and it cm for larger . B
: max in end-cap muon chambers ~10
X=0: average on a bin of 20 values

degrees bin around +1/2

Too high values: shielding is needed!

13/04/16

M.l. Besana, FCC week 2016, FCC-hh Experiments and Detectors



Tracker

All charqed partlcle fluence rate vs R, at different z p05|t|ons in the tracker:
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1 MeV Neutron Equivalent Fluence

Long term damage:

1 MeV Neutron Equivalent Fluence after an integrated luminosity of 30 ab'1, y=0
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1 MeV Neutron equivalent fluence rate: end-cap calorimeter
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Dose after an integrated luminosity of 30 ab'1, y=0
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x[cm]

Dose after an integrated luminosity of 30 ab'1, y=0
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Shielding Design |

Shielding in front of the forward calorimeter to protect tracking stations from

particles from the forward calorimeter: i '
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Iron between muon chambers
to filter the particles as it is
done in LHCb
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x [cm]

Effect of the Shielding in the Tracker
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Shielding Design I

Shielding around the forward calorimeter, composed by:
iron to attenuate high-energy particles:
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Neutron Fluence Rate

Barrel Fluence End Cap fluence
rates [Hz cm™?] rates [Hz cm™]
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Photon & Charged Particle Fluence Rates

Photons:

Barrel Fluence
rates [Hz cm™2]

End Cap fluence
rates [Hz cm2]

no shielding 5 10° 108
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Photon interaction probability in the muon chambers
~1% > acceptable values up to 20 Hz cm™2

All charged particles:
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Effect of the Shielding on Read-Out Electronics

1 _ Read-out electronics is expected to be put behind the hadronic
calorimeter, in the free space between the calorimeter and the

solenoid.
1 The shielding around the forward calorimeter has an effect in
reducing the fluence values in the gap region.

1 MeV Neutron equivalent fluence rate: barrel calorimeter
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Conclusions and Outlooks

1 Conclusions:
o afirst concept of the detector has been implemented in the FLUKA geometry

o  radiation load has been assessed in terms of
fluence rates = tracker occupancy studies

« all charged particles, photons and neutrons fluence rates, but also charged hadrons and high
energy hadrons fluence rates

1 MeV neutron equivalent fluence
dose

o  two shieldings have been conceived to protect forward tracking stations, muon
chambers and electronics

their conceptual design is effective: the fluence rate values obtained are manageable

1 Outlooks:

o  the detector design needs to be further optimized to find the best compromise
between cost and performance

o  alternative designs are under study:
ex. replace the forward dipoles with solenoids = impact on the triplet design
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Thanks for your attention
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Detector Geometry: Material
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Monte Carlo Generator

S. Roesler, R. Engel and J. Ranft, The Monte Carlo event
) FLUKA simulations using DPMJET-IIl generator s | 9enerator DPMJET-II, Proc. Monte Carlo 2000

S c-hadrons included, but b-hadrons are not included Conference, Lisbon, October 23-26 2000, A. Kling, F
Barao, M. Nakagawa, L. Tavora, P.Vaz eds., Springer-
o W/Z bosons production not included Verlag Berlin, (2001) pp. 1033-1038.

PhD thesis of A. Fedynitch
) Monte Carlo generator has been further developed——>{ supervisors R. Engel (KIT) and A. Ferrari

o all Regge parameters re-fitted to match cross-sections from low energy up to LHC as good as possible
o improved hard scattering model
o new particle distribution functions implemented
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Effect of the dipole Field

All particles Fluence, for a luminosity of 30*1 0** em?2s!, x=0
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