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ESS BLM

Two BLM systems

EUROPEAN
SPALLATION
SOURCE

Num. of devices

Linac section icBLM nBLM
[ | icBLM comment count comment count
. . . . MEBT / 2F+25=4
— Primary monitor in the high on 1tank 5x1=5 | 8/tank 2/end  5x(4F+4S)+1F+15-42
energy parts > 5 23F+235-46
. . . Spoke 1/cryo,3/2q 13x4=52 | 1/2q, 1/cryo 13x(F+S)=26
- Detector. 1onization MB 1/cryo,3/2q 21x4=84 1F+15=2
chambers (ICS) HB 1/cryo,3/2q 9x4=36 1F+15=2
BLM MEBT 3/2q 16x3=48 /
"N A2T
ramp | 1/bend,3/2q 6x3+2x1=20 1F+1S=2
— Primar monitor in the low to target | 3/2q, 3/4rast. 3x3+2x3=15 2F+2S=4
y t ump 1/mag. 6 /
energy par S z 261 | 18F+185=36
— Detector: micromegas X 266 | 41F+415-82
detectors 2 8
icBLM
m= NBLM ==
Source g LEBT RFQ MEBT g DTL gSpokesgMedium BgHigh g HEBT ggTarget
- > )< <—>
24m 46m 3.8m 39m 56m f f 179m f
75keV 3.6MeV 90MeV 216MeV  571MeV  2GeV ;

< 350 21MH7 — = 704.42MHZ =



: cunoren
BLM L4 requirements &7

# Type Name Description
1 Beam loss X beam loss The -beam loss shall be measured in the XXX => Coverage
measurement section.
XXX beam loss cpe e
2 Beam loss measurement A beam current loss of 10 mW/m shall be => SQHSlthlty,
e detected. 1 limi
sensitivity ower limit
Beam conditions that are potentially damaging to
| i)(XX Pgl damaging machine components shall be detected by the Upper limit,
3 Genera eam detection instrumentation and reported fast enough so that => .
mitigation the conditions can be mitigated before damage response tlme’
occurs. MP thresholds
XXX PBI peak Proton bea.m instrumentation in the XXX section
4 General shall function over a peak beam current range of
current range A 10 65 mA System
mA to . .
Proton beam instrumentation in the XXX section funCtlonlng for
5 G [ XXX PBI pulse length shall function over a proton beam pulse length
el e P P g all beam modes
range of 5 ps to 2.980 ms.
XXX PBI pulse-by Unless specifically stated, all instrumentation
shall be able to perform the measurements and
6 General pulse measurement

report the relevant PV data at a repetition rate of

update rate
14 Hz.

Table 1: L4 PBI requirements [2] relevant for the BLM system. The XXX’ refers to specific
linac section and runs over all section from including MEBT on. 4



icBLM: teams involved
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LUT DMCS (ICS IK)

* FPGA FW design and
implementation

» SW design and
implementation

ESS BD

= System architecture, for example
— Detectors & electronics
— Detector and electronics layout
— Mechanical support
— Development of specifications and requirements
= Spec. relevant for detector design
* Def. of FW and SW functionality
— Def. of data processing (FPGA algos)
— Definition of monitoring variables and
algos
— Beam loss simulations: MC simulation of lost
protons
= Installation
* System commissioning

= Coordination & project management

ESS ICS
* FW and SW support and integration
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icBLM: teams involved
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LUT DMCS (ICS IK)

= W. Cichalewski (local coordinator)
* G. Jablonski (FW, SW)

= R. Kielbik (FW)

= W.Jalmuzna (FW)

ESS BD

= T. Shea (section leader, interim BLM system lead)
* I. Dolenc Kittelmann (BLM system lead)

= K. Rosengren (FW, DOD)

» H. Kocevar (SW)

* J. Norin (bookkeeping: det. & el. layout, naming)
= S. Grishin (installation)

» C. Derrez (verification plan, QA, electronics)

* E. Bergman (cables, connectors, PPs)

» T. Grandsaert (mech.. Support & integration)

ESS ICS

= F. dos Santos Alves
= (S. Farina)

= (W. Fabianowski)
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icBLLM interfaces

Interfaces

= [nfrastructure
— Lang haul cables
— Holes for mech. supports (rails along DTL)

* Vacuum

— Detector mech. supports on LWUs
* Cryo

— Detector mounting
= With MPS

— FBIS (Fast Beam Interlock System)
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icBLM: components

Detectors
= Parallel plate gas Ionisation Chambers
(ICs) developed for the LHC BLM.

Beam loss information based on
ionisation current measurement of
secondaries

S. Grishin, “icBLM detectors”

3x3mm? beam, 220MeV on 15t insertion in 1t Spoke cavity, at Imrad

step.edep [all steps]: all particles: Edep

spk all dets, at summed over slices [98,102] -> Zsjicecenter=[-49.8,49.8]mm

r=752mm, (ir=3), Phi vs Z, all particles

350 spkeall detectors, hits at r=752mm (ir3) - Particle Type [PDG code] i 107
wl |l - Hit map at 108
BE Particle s 4 /52mm 0
2504 II . ] i 0 .3
y content ; 1 F 9 (all particles) 0t 2
'3 200 I I e . ‘ | : o B
£ 150 II 102 %
3
10! &
100 g
10°
50
1071
0 —10000 —5000 . 0 ) 5000 1072

vvv —2000 0 2000 4000 6000

Z [mm] Z [mm)]
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icBLM: components

BEE - final selection

= JOxOS IFC1410 - ICS
standard platform

= Pico4, FMC digitizer

(CAENels)

— Modified COTS

- l1)1\/15 s, dzo}-lbit ADC, 300kHz [~ — = =
andwidt i ——L]

— Dynamic range: = N - NG (L o100 -
" 0-500pA, i A '
= 0-10mA ; ey .. (det[.ng'l;saci?l‘i‘iﬁl-n

= FBIS interface B

— Piggyback board on RTM, part
of ICS standard platform (both
still under development)

- T 1 i f icBLM —> ll 11 y
burposes: JOXOS DIO3IS [ oy g*M 0o b Ll mi{ﬂ
FMC |3’|| HE NS nE N

* Low Latency Link Ao
— SFP+on RTM R

— Temporary solution: existing
RTM from IOxOS 9
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icBLM: components

BEE alternatives

= Digitiser: BLEDP card

— Developed for CERN injector
complex

= Processing board:

Struck SIS8300-KU (BLEDP)
— DAMC-FMC(C25 (pico4)

HV PS

= Provides:

— Power the ICs (1.5kV) - several ICs are
daisy changed and connected to one HV ch

— Modulation voltage for system HEALTH
check.

= HV module (1ch):

— ISEG DPr 40 305 24 5_CAB High Precision
HV-PS

» Fthercat crate with
— ethercat coupler,
— DIO (for PS config.) and
— Analogue module (to modulate)
— with real time kernel on the CPU.

Tunnel ! Klystron gallery
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icBLM project: time line

2017:
* Demo with pico4 and DAMC
= Demo BLEDP with Struck April 2018; ~Winter 2019:
= Start of the FW system commission - start
July 2017: :
Summer 2014: development Dec. 2019:
= 285 IC detectors “inf ” o D . . : )
= IC detectors ood at FSS (“infrastructure Pico4 integration to ~Mid 2019:
ordered recervedat only) IFC1410 installation - start

Jul. 2017 - PDR: July 2018: planned CDR Nov. 2018: planned CDR Now (13/02/2019): CDR - final
* Design concept of * Focus: electronics design * Focus: electronics design * Main focus: electronics
the overall system = Progress on electronics = Progress on electronics * Prototype with basic FW and
» Updates from det. delayed due to maturity of delayed due to maturity of ICS SW expected - including an
production ICS standard platform standard platform option for external triggering
= Testing activities * CDR with focus on * CDR with focus on BEE = Expectations relaxed to: pico4
= [CS standard electronics postponed to postponed again integrated on IFC1410
platform selected for Nov. 2018
BEE

11



icBLM: FW /SW plan

K. Rosengren, FW/SW development plan (See .xIsx file under the nBLM
CDR3 material)

2018 E : E 2019

Dec Jan r%eb Mar Apr : May Jun Jul Aug Sept Oct No&v Dec
nBLM - Performance fixes ol Foswres | | Verification period Low latency link
integration (smarttrig) | ney
[
Timing system
integration
Platform stabilization
el Ioggz;’ s 10C + example screens?
>
8| |2
icBLM PICO FMC
icBLM firmware development
icBLM - 10C development

' ]
| «————Float————»

: : ! Ready for i Ready for i First
! CDR ! Installation | verification : beam | beam?



Procurement

See .xIsx file under the icBLM CDR1 material for detailed view
rocurement plan, installation time windows for MEBT and
)

L1 detectors, system tests, SW and FW development plan

Wook 32 | Wosk 33

W
ssepaome

Weok 36
250200 10 sepnne

Weok 30 | W ook 35
12 g 2010 | 26 g 2010

k27 | Woek 28 | Weok 20

Wook 23 | Woek 24 | Weok 25 | Wook 26 K ok 31
Sun2010 | 1042010 | 17 2010 | 26 um2018 | 12010 | 5012010 | 150201 | 222010 | 20,00 200 | 5 2010 | 2 g 200

xxxxx

T

icBLM: procurement plan, installation time window:
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Procurement

* Detectors produced and delivered.
= Other lead times: no longer than 12 weeks
= For installation DTL1 (1 detector)

— Almost all parts already available (detector, pico4) or expected in
timed for planed installation time slots.
— Note that electronics installation time window (crates, cards, short

cables) pushed to as earlier date as possible to have it done before
summer

— Risks:

= Availability of crates (ICS) - unclear, but considered lower risk

* Long and part of short cables available for installation (Infrastructure) -
dates unclear, but considered lower low risk

= Some cabling details TBD (pin layouts, short signal connections on the rack
side) - considered low risk

» DTL detector support design and integration to 3d model - lack of resources

» Detector and support installation - dates to be coordinated with
Infrastructure

14



icBLM CDR1 - charge

= Supporting documentation available on top of

the agenda sicne Monday 5/2/2019:
https:/ /indico.esss.lu.se/event/1173/

= CDR1 Charge:

— icBLM overall system.
— Main focus: electronics.

15
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ESS Beam Loss diagnostic tools o

(from T. Shea)

Total beam loss, microsecond measurement latency required for protection

— BCM, icBLM (saturation, nBLM (current mode) =» Interlock; Threshold/derivative
term for fast protection

> 1.6 milliamp lost for up to 200 ps

— BCM, icBLM, nBLM -> Interlock; Damage model for protection
~ HC lost over 200 us to many seconds (diffusion time)

— icBLM, nBLM -> Interlock; Damage model for protection

~ “1 Watt/meter” radiation dose management
— icBLM, nBLM -> alarm based on dose/activation plan

Sparse coverage by Current Monitors

coverage by Ion Chambers s—
Neutron

Detectors

Source x LEBT g RFQ 5 MEBT g DTL gSpokesgMedium BgHigh B g HEBT ggTarget
-— <—>
f 24m  4.6m f 3.8m 39m f 56m f f 179m f

75keV 3.6MeV 90MeV 216MeV  571MeV  2GeV

<—————— 352.21MH7Z ey <— 704.42MHz —> 7
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ESS BLM: Response time

= Required response time set in the past:
— NClinac (MEBT-DTL): ~5 ps.
— SClinac: ~10 ps.

— Numbers based on a simplified melting time calculations, where a block of material
(copper or stainless steel) is hit by a beam of protons with a uniform profile under
perpendicular incidence angle, no cooling considered [9].

= Numbers re-checked with a Gaussian beam and update beam

parameters: MEBT DTL
— NC linac: calculated melting time values et >

T 104 :. . ...... RN A e
of 3-4ps imply even stronger demands :

on the response time (confirmed with a
MC simulation as well).

— SC linac: the 10ps requirement for
response time fits well with the results

TTTTIT

coppet, P=0"

of this calculations. —_coppet. 9=85"
However: other damage mechanisms ma —SS31eLY=0" -
' & —iSS316L.0=89° |

mandate even shorter response time

SCL (discussed fu]f'ther), 01 1 |=5| L1 |10| 11 |151 L1 |20| L1 |25| L1 |30| L1 |35| L1 |40| i |45| L1
position from the MEBT start [m]




ESS BLM: beam loss simulations

* MC simulations for tracking of lost protons needed to determine

— Detector locations, system response time and dynamic range
— Expected particle fields, signals
— Initial MPS threshold settings at the startup and later adjustments

— Anticipated response of the system during fault studies - to verify and
calibrate the system response

* Required inputs
— Ideally

» Expected loss maps during normal operation
= A list of accidental beam loss scenarios with loss maps
» Elements to be protected, damage levels

— Large number of possible accidental scenarios: simplifications/assumptions
needed

= Simulation tool
— Geant4 simulation framework developed by the ESS neutron detector group
— Geant4 based ESS linac geometry created (current version: DTL - HEBT)

19
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ESS BLM: MC simulations - linac geo

DTL4-DTL5

Spoke & phantom detectors

Spoke quad magnet

Spoke cavit (Q'
l |

R
MB cavity
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ESS BLM: MC simulations SHLaTEN

DTL5-det1: incoming hitmap zx (neutrons-EkLimited1)Ek;=0.07MeV,

° o.oooPFeecton on z fmm: x [mm]=[-610.0.610.0]. bi‘ns:[0,99$‘]] (o:’l’n‘\e, u=True)
Past studies ]
Sim2-9: loc. loss at the beginning of 2+ 1008
* Focused on DTL the DTL5 (histogram normalized per™™™" - ]
* Tanks surrounded with “phantom detectors” uimber of primarics):
titmap mean=-2.76m -
= [ oss scenarios: Gauss fit mean = -3.56m
. . . . Peak visible ~3.5m oo
— Accidental losses: scanned over various configurations of
energy, beam size, hit angles and position along the DTL

_ Uniform IOSS’ 1W/ m loss 0000904000 —3000  —2000 1000 , [lim] 1000 2000 3000 4000
— Nominal operation

=  Studied:

. . Neutron hitmaps with E;>0.5 MeV cut: difference between the hitmap mean and
Expected particle fields (type, energy, fluxes along the ap g ff P
beam line H/le ZOSS pOSlthn Neutron hit map mean (E;>0.5MeV)
0.8 T T 0.8 T T T T
—  Correlation between the loss location (center) and peak voll © DI e o O D,
position in neutron hitmaps O DILItL =0 Pl =0 | 3 & Dilown A
—  Spread (RMS) of neutron hitmaps M S D o " 3 orisaar
. .. & DTLL-det2, Groan=-90.0%0y0,=50.0mrad X > DTLsdet],
—  Threshold energy to discriminate fast/slow neutrons o 02H & DTLSO Guan=00Dnan=10 00 . o
= = o
* Tasks: s
- Suppqrt nBLM deteptor d.eS1gn, resglt.s used ‘ illo £l g S Dt e 00w |8
= As inputs to MC simulations to optimize detector design 2
= For signal estimations o z -
— nBLM detector layout 05 % “ogf- 3 4
OTLLdet2: incoming hitmap 2y (neutrons) 08 =20 —10 0 10 0854 0.2 0.4 0.6 08 1.0
loss location along the linac, z.q [m] beam o, [mm]
- " |
oL dett: ncoming htmap: & 9 *
2 N
- Hitmaps for det2 Hitmaps for det1 21

“detector” volume “detector” volume
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ESS BLM: MC simulations SHLaTEN

Current focus
= Cold linac
= [.0ss scenarios:

— Scanned over various for various configurations of energy, beam size,
hit angles and position along the cryo modules or quads

— Uniform loss, 1W/m loss
— Nominal operation

= Tasks:

— Expected particle fields (type, energy, fluxes along the beam line)
— Estimate signals/rates

— Correlation between loss location and peak in distributions (hitmaps,
Edep) & spread

— Starting point for further studies

» Determination of loss location (loss pattern) from the measurements (ANNs?)
= MPS Thresholds

22
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ESS BLM: MC simulations SHLaTEN

Example: energy deposition summed over 4 center slices along x

= 220MeV protons,

= Beam center hits inside a Spk cryo: on 15t insertion in 1%t Spoke cavity
* Theta=Imrad

Pencil beam 3x3mm? (gaussian) beam
step.edep [all steps]: all particles: Edep step.edep [all steps]: all particles: Edep
summed over slices [98,102] -> Zsjicecenter=[-49.8,49.8Jmm summed over slices [98,102] -> Zsjicecenter=[-49.8,49.8Jmm .
10
2000 105 2000
10° —
; >
1000 o 2 1000 ]
= 100 & E g
E 0 % E 0 -
3 =
0 2 4
~1000 £ = -1000 §
10° !
—2000 1071 —2000
1072
—2000 0 2000 4000 6000 -2000 0 2000 4000 6000

Z [mm] Z [mm]



ESS BLM: MC simulations

spk all dets, at r=752mm, (ir=3), Phi vs Z, all particles

350 g

Example:

= 220MeV protons

= Hit center inside Spk cryo
at 15t insertion in 15t Spk
cavity (z=1650mm)

= Theta=1mrad

I tors, hits at r=752mm (ir3) - Particle Type [PDG code]

Pencil beam

200 4

Phi [deg]

150 A

100

PlOtS: —-10000 —-5000 z me] 5000 10000
. o spk all dets, at r=752mm, (ir=3), Phi vs Z, all particles
= Phi vs Z for particles at ——n ]

B ]

r=752mm from the beam |

axis X3mim? beam
» Particle types (n, gamma,

e-,...) g

Cryo module
positions
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ESS BLM: MC simulations

»s spk all dets, at r=752mm, (ir=3), Ek vs Z, gamma v
xbin  : 13 (-11516.8 = x < -11492.7) | . o meame  Z o533
ybin 1 977 (24.425 = y < 24.45) - - |- ) meany 9
Example: 2o D - el
» 220MeV protons : s ety - 0
= Hit at: 15t insertion in* 3 i |
Spk cavity -
= Theta=1mrad
= Pencil beam
. —-10000 —-5000 0 5000 10000
Plots: hits at r=752mm 2
fI‘OIn beam aXIS 250 spk all dets, at r=752mm, (ir=3), Ek vs Z, neutron
* Neutron and photon integral = 1205770007 10°
energy along the beam 200 o
. msy = 17.6672
line vy - LT
_ 1501 wmax - 122397
S ymin = 2.04636e-12
g ymax = 212.03
] 102
100

10!

10°

—10000 —5000 0 5000 10000
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ESS BLM simulations

spk all dets, at r=752mm, (ir=3), Ek vs Z, gamma

Example:
= 220MeV protons L
» Hit at: 18t insertion in 1st 7 |2~
Spk cavity )
= Theta=Imrad '
= 3x3mm? beam
-

Plots: hits at r=752mm
from beam axis

spk all dets, at r=752mm, (ir=3), Ek vs Z, neutron

integral = 1.22365e+07
* Neutron and photon o e
ot | 2, D
energy along the beam e
1' corxy = 0.0506666
me U
3 ymin = 4.84306e-11 102
s ymax = 212.386
=~
w
100 A

10!

10°
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ESS BLM: detector layout (MEBT-MB)
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nBLM-F vs. nBLM-S

Maj or1t{ of the linac: F
and S placed separately
in an alternating fashion

At certain locations: a
pair of F & S device

= nBLM:
— MEBT: 4 devices (nBLM)
— DTL: ~1 device / Im

= icBLM:
— DTL: 1device/tank

Normal conducting linac (NCL):

Superconducting linac (SCL):
* nBLM

— Spoke: 1 device / 2m

— Sparsely located in other parts of SCL
= icBLM:

— 3/quad pairs

- 1/cryo

Zumk  Zemk  3Zmmk Zak  Zank  3Zem  TZem

.................................................

..................................................................................................

------------------------

-------------------------------------------------

I

...........................................................................................................................................................



ESS BLM: detector layout (HB
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- end)

nBLM-F vs. nBLM-S

. Ma'orit{ of the linac: F
and S placed separately
in an alternating fashion

= At certain locations: a

Normal conducting linac (NCL):
= nBLM:

— MEBT: 4 devices (nBLM)

— DTL: ~1 device / Im
= icBLM:

Superconducting linac (SCL):
* nBLM

— Spoke: 1 device / 2m

— Sparsely located in other parts of SCL
= icBLM:

pair of F & S device — DTL: 1device/tank — 3/quad pairs
- 1/cryo
TR T Ter e e e

QV] QV

H
;

:

;

:

:

H

;

Qv H
mBy

;

;

TR T

e

HEBT 1

DQH DQV

HEBT 2

i

HEBT 16

magnet

emen [T
]

P P
=TT IeTTT 1' TR
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