Summary of mini-workshop
on Cryogenic BLMs



Cryogenic Beam Loss Monitors workshop

18, 2011 from 08:45 to 18:00 (Europe/Zurich)
at CERN ( 13-2.005 )

Tuesday, October 18, 2011

08:45 - 09:00 Welcome 15
Speaker: Bernd Dehning (CERM)

Material: | Slides 1 ) http://indico.cern.ch/event/CryoBLM2011

09:00 - 09:30 BLMs on LHC triplet magnets 30
Speaker: Alessio Mereghetti (University of Manchester (GE))

Material: Slides -@

ms

09:30- 09:45 Requirements for ESS 15
Speaker: Dr. Lali Tchelidze (ESS) m‘

Material: Slides @] -@

k

09:45 - 10:15 Cryogenic particle detection with regard to BLM application 3o .
next time

Material: Slides -@

10:15 - 10:45 coffee

10:45 - 11:05 Diamond BLMs at CERN - readout electronics 20
Speaker: Erich Griesmayer (Department of Physics-University of Gl(cunsinj
Material: Slides -@

11:05 - 11:35 mMULOSS for LIPAC 30
Speaker: Dr. Jacques Marroncle (CEA Saclay)

Material: Slides -@

11:35 - 12:00 discussion
1200 - 1400 liirieh




Speaker: Dr. Jacques Marroncle (CEA Saclay)
Material: Slides -@

11:35- 1200 discussion http://indico.cern.ch/event/CryoBLM2011

12:00 - 14:00 lunch

14:00 - 14:25 Diamond TCT measurements down to 60 K 25
Speaker: Heinz Pernegger (CERM) CK
Iaterial; Slides -@

14:25 - 14:30 Cryogenics for East Hall experiments & CK
Speaker: Thomas Eisel (Technische Universitast Dresden)

Iaterial; Slides -@

CryoBLM be.am test - first result; 30 - . a next time
Speaker: Christoph Kurfuerst (Technische Universitaet Wien (TL))

Iaterial; Slides -@

14:30 - 15:00

15:00 - 15:30 Fhysics of Semiconductor Detectors 3o
Speaker: Vladimir Eremin (loffe Physical Technical Institute ufﬂ(ssian Academy of Scienc)

Iaterial; Slides @] -@

15:30 - 16:00 coffec

16:00 - 16:30 CID in harsh environment 3o k
Speaker: Jasu Haerkoenen (Helsinki Institute of Physics (FI) CK

Material Slides -@

16:30 - 16:50 Liguid Helium Scintillation 2o
Speaker: Thijs Wijnands (CERM) m‘
Material Slides @] -@




FLUKA Simulations for Assessing Thresholds of BLMs Around the
LHC Triplet Magnets

A. Mereghettil, on behalf of the FLUKA Team
M. Sapinski?, on behalf of the BLM Team

lEN/STI/EET

2BE/BI/BL

October 18" 2011



FLUKA Simulations

Relate the energy deposited in the superconducting coil of the inner triplet to the signal read
by BLMs all around: assessment of the signal thresholds.

o

FLUKA simulations of the Inner Triplet presently installed on the right side of Point 1 of LHC
(ATLAS). Considered scenarios:

pp-collision debris

direct losses in Q2B (MQXB.2BR1)

_ 34 —2 —1 .
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14 GeV centre-of-mass energy;
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For other scenarios: EDMS doc in preparation. J




Fast Losses: Signals Integrated over 40 us
debris losses 11 Q2B

I;’eak Doseg in the Co—iils

(e
BLM signal [Gy 5'1]

Peak dose in the coil [GeV g'l per primary|
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After normalisation. ..

...the signal due to the debris is far below the one due to lost protons!
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Steady-State Losses: Final Signals

debris losses in Q2B
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New Positions of BLMs

The Closer to the Coils, the Better

@ higher intensity of the signal;

e signal better follows the longitudinal pattern of the peak in the coil;

FLUKA geometry: LHC Phase I Upgrade

more prone to host the new BLMs, with no
important change in the physics behind.

@ one for the heat exchanger;

y [m]

o the others for not breaking the
quadrupole symmetry. Good location

for the new BLMs.

FLUKA Estimation

No design or location of the new BLMs (at
that moment): estimation of the signal via
the dose inside the yoke (blue cross).
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Steady-State Losses: Final Signals

debris losses 11 Q2B
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...the signal due to the loss can be distinguished from the one due to the debris.
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the ESS BLM

by Lali Tchelidze
CERN, Geneva, 18 Oct. 2011




Cryogenic requirements

* A hybrid design of a cryostat is foreseen for
ESS.

e an operating loss detector might be needed at 70 K / 2 K!

e Physical size of the detector should not be
very small — to cover a “large” part of the loss
area.



1-Loss for LIPAC

LIPAc: Linear IFMIF Prototype Accelerator

Cryogenic Beam Loss Monitors Workshop
CERN - 18" October 2011

Philippe Abbon, Jan Egberts, Anthony Marchix, Jacques Marroncle - DSM/Irfu/Siiev - CEA Saclay
Hassen Hamrita, Michal Pomorski - DRT/List/DCSI - CEA Saclay




= IFMIF

IFMIF" : to test materials submitted to very high

neutron fluxes for future Fusion Reactors. Hich | >20dpa/v | 051 |
“International Fusion Materials Irradiation Facility tgt‘e:iium >11d|:|';a/,;y >68II

international agreement of the BA (JAEA+F4E) = IFMIF + IFERC + JT60-SA

Lithium Target Test Cell
25 mm thick, 15 m/s

) Beam profile
T RFQ 5 MeV T 200 x 50 mm?
L Flux ~ 10*” neutrons/s
deuteron source Superconductive Linac 40 MeV
140 mA, 100 keV (Half Wave Resonators) Typical reactions
’Li(d,2n)’Be
6Li(d,n)’Be
6Li(n,T)*He
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= LIPAC

1.125 MW = ability for the Beam Dump to evacuate the whole energy of the LHC beams every 11 minutes!

Validation phase: prototype accelerator — LIPAC”

"Linear IFMIF Prototype Accelerator Commissioning at Rokkasho

(Japan) beginning:
Injector: March 2013
RFQ: July 2014

LIPAc = 125 mA cw, 9 MeV, 1.125 MW scLinac: May 2015

Hi-gg
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" 1| source | Dump |
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. Beam Instrumentation Layout

dEUteron beam: Glossa | acct+pcet || ploss | | SEM Grid (1m fromsslits) | | IPM Profiler
Ermax = 9 MeV _w'recelpe for confu5|on
| =125 mA BLOM: Beam Loss Monltor
- BLM: Bunch Length Monitor
max 1 ::‘25 MW4 BPM: onitor
Dutyv Cvcle: <10“ to cw DCCT: DC Current Transformer
yLy FC: Faraday Cup D-Plate
RF: 175 MHz (57 nS) FCT: Fast Current Transformer

IPM: lonization Profile Monitor
FPM: Fluorescence Profile Monitor

Emittance meter |

Species fraction | >20 BloM for the whole accelerator |

measurement

ACCT+FCT |[ 3BLoM | [ 3x8uloss || <24 BloM | | acct || iPMPprofiler || SEM Grid

4 Profilers
(CCD camera)

4 grids
analyser

‘ (e ::: OECScSCS S S SoSos S e

— o | [seem( | |
4 BPM 8 BPM (cryo) 1 §lit (E Spread) {
100 keV | Fpmprofier |/
5 MeV [/
9 MeV
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G0 Superconductive Linac (scLinac)

scLinac:

T=4K

deuteron: 5 to 9 MeV (125 mA)

8 ensembles:
1 Half Wave Resonator (HWR)
1 solenoid
1 BPM

no more diagnostics

= sensitive detectors to tune the beam (<10° beam)

Note: HWR emits X-rays up to y

Ideal p-Loss:
sensitive only to neutrons — to avoid fake signals
expected time response ~ second (for good tuning sensitivity)
rough space resolution
radiation hard
ability to work at cryogenic temperature
Very good reliability (once closed, cryostat will not be re-open)

Compromise: diamond
“u-Loss Detector for IFIMIF-EVEDA", J. Marroncle et al, DIPAC 2011

Cryogenic Beam Loss Monitors — CERN - October 18th 2011 - IM 8



G0 Diamond: counting rates

_ Neutron (center] _ ¢ Photon (center)
£ F 'Elzu;—‘
Feasibility study: Simulation (A. Marchix, Saclay, Sept. 2010): HA3 iLE
1 4 Por
Loss: 1 W/m with Thalis + neutron transports E : . E b
D* + Fe — neutron (or y) + X "F ot '
3 diamonds per Solenoid k- o "
— transverse localization + reliability - . 4 aef- P,
— X'rav ShiEIding 10 10t n?! 102 10! 1 10 n. '.Il -II al al |In !z‘
E (V)
— convertor foil to improve neutron sensitivity?
§1o lr . | « ‘Ulade-mecum du technicien nucléaire—Cont_rﬁIe des rayonnements ionisant », R. Pannetier (1980) | | | | i ||i
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LIPAc range
Counting rate estimation for 1 W/m beam losses:
Neutron (only elastic process) v (all processes)
aII neutron spectrum — ~ 1200 Hz all y spectrum — ~ 810 Hz
Epeut > 1.5 MeV — ~ 400Hz E, > 1.5 MeV — ~ 250Hz
Eout > 2.5 MeV — ~ 190 Hz E,>2.5MeV — ~ 180 Hz
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Simulation

Cryogenic test: LHe —4.5K

(May 2011)

A. Marchix, Irfu, Oct 2011
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Liquid Helium Scintillation

Candidate for detecting beam losses in the LHC ?



Liquid Helium

Basic principle

EUV
A = 80nm

Pulse
Intensity

Conversion

Time (ns)



Scintillation mechanism

Singlet : He,A ;X *

N 8

Absorption RS

hv=16 eV

Fluorescence

Triplet : He,a3Xx *

Phosphorescence

Ground State

Radiative lifetime =1 ns

‘Scintillation pulse’

Radiative lifetime =10 s

‘Afterglow effect’



Normalized Signal

Scintillation signals

11
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107

-
<
L]

Normalized Signal
3

10

—o— a-SourceinLlHe T=18K
—s— Neutrons inLHe T=18K
—o— 1 MeV-Bectrons inLHe T=1.8

0 5 10 15 20 25 30 35 40 45 5C
Time [us]



Scintillation light - |

Fluorescence occurs at a lower energy level than that required for excitation
There is thus little self absorption of the scintillation light

Absorption Absarption
or
emission

intensity Emission

Wavelength A ——m
e Photon energy 2v



Scintillation light - Il

* The peak of He,A X * emits light at approximately 80-100 nm (EUV region)

e Light at this wavelength does not propagate through a SM silica optical fibre
because of Raleigh scattering (spectral dependencies as 1/A%)

100

10

Fiber Loss (dB/kim)

0150 600 800 1000 1200 1400 1600 1800 2000 2200
Wavelength {nm)

[
»

A

Raleigh —

scattering ph
onon

absorption



Light detection techniques

e Direct detection technique
Measure extreme UV light at 100 nm with special AXUV photodiodes which have :

1. No surface dead region i.e. no recombination of photo generated
carriers in the doped n-region or at the silicon-silicon dioxide interface

An extremely thin (3 to 7 nm) silicon dioxide junction entrance window
Silicon thickness can be optimized to maximize yield for Helium

* Indirect detection technique
1. Wavelength shifting via coating of optical fibre to longer wavelength

. Absorb the primary EUV light
. Reradiate the energy at a lower wavelength

2. Use classical detection (PMT) technique



Direct vs. Indirect detection

e Direct detection technique

— Photodiodes are very resistant to TID
— Neutron damage may deteriorate the devices rather rapidly (needs investigating)
— EUV diodes are special R&D developments (http://www.ird-inc.com/)

* Indirect detection technique
— Wavelength shifters typically induce a loss of 10-30%
— Reduce the overall response time of the system
— Wavelength shifting optical fibres are generally not radiation tolerant



Feasability

Highly efficient conversion into detectable light ?

— Depending on detection technique of EUV light (direct/indirect)
— Probably of the order of 10-15%

Linear relationship E;, vs. light yield ?
— Not checked yet for exotic particles at high E in a HEP radiation field
— Ok for X, neutrons and electron beams at 60 MeV

Transparency for A ieq ? Ok !
Short decay time without delay Ok !
High optical quality & easy to manufacture ? Ok |

Easy coupling to a light sensor ?
— Needs further investigation, certainly not so easy

Open question : what is the purity of the He in the LHC ?



	Summary of mini-workshop on Cryogenic BLMs
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Cryogenic requirements
	Cryogenic requirements
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Liquid Helium Scintillation
	Basic principle
	Scintillation mechanism
	Scintillation signals
	Scintillation light - I
	Scintillation light - II
	Light detection techniques
	Direct vs. Indirect detection
	Feasability

