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Motivation 4

Halo particle and Dark current electrons in ML
produce radiation, which affect:

— Beamline components and cables inside of CM
— electronics outside of CM in ML tunnel Cross section of

— personnel and electronics in service tunnel Kamaboko tunnel
Extensive studies needed to investigate halo & dark B
current radiation. —_—

— Reduce thickness and cost of the radiation shield
— Radiation doses for ML components
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* Solyak et. al.,Dark current midell for ILC ML, EPAC2008, L —
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1
Field Emission

» uniform distribution of emitters over the cavity surface

» Fowler-Nordheim model
| Ben=100
Win = Nen(BenE)2exp(-Brng?2/BenE) Bn=6.83+ 103, =4.2 eV,

EinMV/m, | in Amp;

» Norm factor is determined from the nominal DC value (50nA) exiting cavity
- Norm = 4.79¢e12 e-/s (taking into account RF duty factor |OHz*Ims=0.01)

E=31.5 MV/m
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Particle tracking in cavity (SLANS-2D)
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00 trajectories with
weight > 0.01

0
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100k emitters random in phase and location with weight > 0.01 o
== green - lost in cavity, red - exit to the right, blue - exit to the left =

Reject particles with weigh <1% and energy < 0.5 MeV (parameters)
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Particle Tracking in Cavity RF Field

e 92% of emitted particles are absorbed in the same cavity

® 4% of particles are captured into acceleration, exit cavity in the direction
of the main beam into the next cavity

» continue tracking of these particles through cavities down stream until they are
lost or reach next quadrupole

® 4% of particles exit cavity up stream, in the direction opposite to the
main beam, and enter previous cavity

» continue tracking of these particles through cavities up stream until they are lost
or reach previous quadrupole

® Add emission and tracking for all 26 cavities between quads
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[
DC from Single Cavity

e Distribution of peak DC from single cavity along the string of 26 cavities
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Tracking in 26 Cavities

® | osses from emission in all 26 cavities (50 nA/cavity)

x10°
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Energy spectrum of lost partocles

1o’ ectrum of the particles lost inside cavity

Acceleration: ~ 3 MeV/cell

Tracking in 26 Cavities
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® Energy spectrum of lost particles
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Tracking in 26 Cavities

® Energy spectrum of particles entering quad section
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Losses in quad: Z distribution
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Estimation of the prompt equivalent dose induced
by dark current produced in section of the ILC ML

LCWS2014 Oct/8/2014 9:00-9:30

Japanese law (T.Sanami slide)

¢ Limit for personal

e Radiation worker : 100 mSv /5 years, 50 mSv / year 20 mSv/year

e Ambient dose limit >

e Radiation controlled area (accessible) : less than 1 mSv/week ~25 uSv/h

¢ Boundary at radiation controlled area . less than 1.3 mSv /3 month

~2.6 pSv/h

 Site boundary : 250 pSv/ 3 month | ~(Q.1 pSv/h

e Operation hours should be taken into account
e Activity in tunnel air, Activity in released air, Activity in drain water

¢ Defined for each nuclide and chemical form
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Two stage simulation

. Field emission simulation and tracking dark current
electrons in cavities up to walls or entrance to
quadrupoles done separately. Each particles
Information (coordinates, momentum etc.) saved to

file.

. MARS simulation: continue trajectories written to
the file, and calculate doses induced by dark current

electrons.
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MARS model

. Based on ROOT TGeo library.
. Built by means of the beam line builder implemented for MARS.

-~ Extendable

— For magnets: analytic approximation of magnetic fields is used inside aperture,
2D field maps — outside apertures (provided by Vladimir Kashikhin)

— Can be exported to GDML format readable by Geant4 and Fluka.

. Representation of cryomodule and tunnel is converted from MARS
“extended geometry” model developed in Japan (Sanami-san).

. Cavity model re-implemented to correspond to the model used in dark
current simulations performed by Alexander Sukhanov. There is no
field in cavities in current model.
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MARS model based on ROOT Tgeo package: Top view
(geometry based on T.Sanami input)
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Length —50,6m: 4 crymodules, 34 cavities, 2 quadrupoles
Geometry can be easily can be extended to full length of linac
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MARS model: Front View
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ILC Cryomodule model
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Cavity model
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Total prompt dose, mSv/hr

End of ML (250GeV)
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Total dose and dose induced by neutrons mSv/hr
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Dose after quadrupole (250 GeV), mSv/hr

Total dose Dose induced by neutrons
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Dose after quadrupole (250GeV), mSv/h
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Concrete wall thickness

Fit for attenuation curve for prompt dose, mSv/hr

;;102 £ D(x) = ePO+PL(x~280) | ,p2+p3(x~320)
cg - 4 eP4+D5(x—360)
¢ 10E pO = 3.42573e+00
8 pl =-7.14516e-02
3; i p2 =- 1.68580e+00
1E P3 =-1.27563e-01
- P4 =-3.14138e+00
'10_1‘ + P5 =-2.89486e-02
< E 25uSv/h
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New possibility: tracking secondary particles in
cavity field in MARS:

3|5 T(I) 10I5
Tracking code and rf field maps is incorporated in MARS
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Conclusion and Further studies

Based on preliminary results the concrete wall thickness
between tunnels can be reduced from 3.5m to 1.5m.

Next steps:
Study possible dark current growing along the Linac

* Define saturation length for each quad settings
(from 5GeV to 250 GeV) - in progress

e MARS simulation for worst cases.

Estimate effect of re-acceleration of secondary electrons
In cavities.
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