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LNF - OVERVIEW

Detailed information and contacts

* Main web site: http://www.Inf.infn.it/acceleratori/btf

* Technical information and documentation: http://wiki.infn.it/strutture/Inf/da/btf/home
* Contact: btf@lists.Inf.infn.it

* Administration and access contact: btfsupport@Inf.infn.it

08/02/2020 BTTB9 2
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LNF = LINAC FACILITY

Accelerating structure

RF source

Electron beam final energy

Positron beam final energy 550 MeV
RF frequency
Positron conversion energy 250 MeV

Beam pulse rep. rate

Beam macrobunch length 10 ns

Beam spot on positron converter 1 mm

rms Energy spread 0.5% (electron)
1.0% (positron)

Operational

~550 MeV*

220 MeV

1.4 to -ns

(@0.01xcurrent)

1 mm

0.5% (electron)
1.0% (positron)

Max output electron current >150 mA I:'
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BTTBS

3dB
3de

SIJii 220 MW
| ————
50

KLY MOD. A
200
| RF Amplifier

PS

\
-‘“’ RePomer|  SLED RF Pulse

RF Source 2
2856 MHz
From first paper 85
https://www.Inf.infn.it/acceleratori/DAON

E/NOTEDA®NE/BM/BM-2.pdf

- TS 830 ns t

Electron and positron pulsed LINAC

Commissioning: 24 years ago

Used for DADONE inj, BTF in opportunistic way (but now
hijacked for experiment also)

Developed for few uptime hours/day at 10ns pulse length
* NOW capable of 24/7 continuous BTF in's for months
* 320ns beam macrobunch




LNF — BEAM TEST FACILITY PADME Experiment
H e

Parasitic Dedicated
Parameters

With Cu target Without Cu target With Cu target Without Cu target .
. et/e et/e et/e
i) (User) (DAONE status) (User) - BTF HALL 1 |
Energy (MeV) 25-500 510 25-700 (e/e*) oo ((:))
Best Energy Resolution o 52/i10 0 ’ o502
= et 0.5% at 500 MeV 0.5%/1% 0.5% Energy dependant D o
. Variable from 10 to 49 1-49 i T
Repetition rate (Hz) (DAONE status) (User) | p— g;gg;;
Pulse length (ns) 10 1'(‘3:250 o
. 1_105 TA RG ET . CHVTBO2: .
Intensity — 1t0107 /1.5 102 1-10° 1t0310 = Mylar window
(particle/bunch) dependence) Energy dependence | e oo .
Max int flux 3.125 10% part./s gﬂm . o Lo
Beam waist size(mm) 0.5-55 X / 0.35-25 Y (vacuum window dependent) h— e o DR inJECtionS
Divergence (mrad) Down to 0.5 ”mi_/ e 3
* Pulsed electron and positron beams (up to 49 pulses/second) Average of 200 beam days/year, 25-30 experimental groups,
150-200 users
* Different ranges of parameters in the two running modes:  Now BTF hall 1 setup for dark matter searches
* Dedicated (no collider operation, exclusive BTF users) experiment PADME
* DAONE&BTF injections in sharing via pulsed magnet  PADME technical and scientific run in 2020—- From July to
* Beam top parameters defined by DAONE injections December 2020

08/02/2020 BTTB9 4




BTY PRIMARY AND - 1
SLECONDARY BEAMS

QUATEDD" -

SLTTEBMZ

BFZO2

* Fixed energy

LI NAC Conditioned o. Steering and transverse tuning ///'/
. * High current
Prlmar Beam o  from DAO®ONE inj current

o  Easy tunable in 6 order of magnitude . I
o Now down to single particle range

* RUN time Tunable energy

CU Ta rget in o All e.nergies from Eiar, t0 =30 I\{leV. .
the middl ><{ * RUN time Tunable multiplicity
€ mi e o From max(E) to single particle per shot
* Particle type decoupled from LINAC
Parameters setup via LINAC and BTF production
scrapers/magnets
Final focus user dependant

Runtime manageable




BTF “HIGH ENERGY”

Secondary
beams

. Mostly used in test
beams (change energy
and flux runtime)

. Limit to maximum
multiplicity per bunch
(energy dependent)

. Easy to develop

. High reproducibility

« Target decouples most of
the LINAC instabilities

08/02/2020

SECONDARY BEAMS - BTFEN 1

300MeV single part
0,=0.7 mm, oy=0.8 mm

450MeV single part
0,=0.5 mm, oy=0.5 mm

o > .,

£ = =

Wavefory

450MeV 60e/bunch
0x=1.04 mm, g,-0.86 mm

450MeV 130e/bunch

Wavefo

0x=1.07 mm, 6,=0.87 mm

BTTB9

|

300MeV m1000
Different Geometries

KT v
AVCE B 8 s Rxs
N 7 2 B ¥ 8
R e 2 = 3 & 8
£ B 8 - - B
& g ¢ ¥ R
-] S
|1|u!<"’ 4
5000
€000
- ﬂ b
44000 = é
< J
72000 N
.
2 .
-v
A= Y
X : 1 £ o Ay
. B & B 8 g Xis
8 2 5 8 7 &8 38
2 2 8 °, } = 5 8
_g = & e | ~ :,:; I~
1;0;1 00 |
| 1/‘I\r
.00 | ol
360.0% |
3 I g,
}
“‘)'_ilk |
l§ L‘-/ ”
l,w"’“ |
| Ul
34000 |
- ‘4“.(.
S ! -
3 H i e
T <
o ! - . g
S




BTF “LOW ENERGY” SECONDARY BEAMS - BTrEN1

Vacuum Service (lonic)

- Vacuum Break (125um-mylar)
OPT. Vacuum Break

- Manual Valves

151,08

30MeV - single part
0,.4.9,0,.53 [mm]

60MeV - single part
0,.2.7,0,.3.4 [mm]

90MeV - single part

| 0,.1.9,0,.2.1 [mm]

120MeV - single part
0,.1.5,0,.1.6 [mm]

150MeV - single part

] 0,.1.2,0,.1.4 [mm]

E= 100 MeV E= 100 MeV
m=1 gy m=1
Type=e- | . Type= e+

08/02/2020
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SWITCHING TO LONGER PULSE PRIMARY BEAM

BTF traditionally is tuned for any users request

PADME experiment has leading us to push forward functional limitation of LINAC-BTF
Bunch length up to 300ns, pulse flatness in few percent

Charge at users request (down to single particle, up to nominal one ~30kPoT/bunch) (sometimes also secondary TB)
High beam stability (bunch charge, position, transverse dimension, transport...)
Very very low background (externals, pipe internal, dark current included)

Trials in the past with secondary beam -> more background issues. Then we switch to primary one, so we manage:
* Lowering two order of magnitude GUN emitted current

* Under the dynamic range for the most LINAC diagnostic, after positron converter (BCM, BPM, ICT)

» Setup done at higher current, then increase GUN cathode control grid voltage (in linear range)

* Reducing background in BTF1 experimental hall and PADME (now less than 230nS/h, hit on PADME)
* Increased stay-clear factor in BTFEH1 pipes, avoiding bottleneck
* Low beam loading => Final beam energy spread around 5% (before BTF line selection)
* Energy spread @ PADME target less than 1%

e LINAC is in quasi-continuous mode => Pulse time over 300ns => Beam length ~90m

* The head of the pulse already converted in shower at the experiment, the tail yet to be born
08/02/2020 BTTBY 8



LINAC BEAM - HODOSCOPE
MEASUREMENT
[ e o A s e e |
150ns, 2x charge

-10MeV, 300ns, 1x charge
Good for Exp.

08/02/2020 BTTB9 9



LINAC BEAM - HODOSCOPE
MEASUREMENT

+10MeV, 80ns, 10x charge

150ns, 2x charge

Hodoscope Seconday Emission strip Monitor (SEM)
used for LINAC pulse energy spread envelope and charge diagnostic:
* Downstream of DHSTS001 60° magnet (high dispersion)
* Typically in charge readout (QDC)
* Each strip senses a different beam energy bin
* (~2MeV/strip at 432MeV energy)

-10MeV, 300ns, 1x charge
Good for Exp.

0+ TBO2
>

SLTTEO0Z

 Hodoscope time measurements with high band pass scope —
* Pulse delay N o
. [ —& ; = -
° Pulse width E S T srTanesd eruuz
CHFTERT QuaTHO0S QuATBIO?
* Pulse charge auatmoord  LlaTe0s
08/02/2020 BTTB9 ’




LINAC BEAM - PRIMARY LONG PULSE

440MeV | 438,4MeV

s

Nean Bese Rms

Messurements smplisse Hax - in o 3 T Ampitce vax vean win e Buse o Fms Ampinse hax in o T Messurements Amplnge ax nin e Top
velue 2009 mv ammy 3w ammy 745083 pW sy amsmy ssmmy sy 3w a7omv -isassorowb aTs0my [EETY sssop g Sommy -eTeispwn 083y 1308 my ot (lvaue 328y 1asmy asow 0wy ssespwn 20 my sy s
Messurements Dy ouy Fall 9010 Fal30.20 Rise 10:90 Rise2090 perios Doty ouy Fal%0.10 Fall 020 Rise10%0 Rise20.80 perioa Deay ouy Fall 9010 Fal30.20 Rise 10:90 Rise2080 perios Deay ouy Falso-10 Falgo20 Rise 10:50 Rise2030 Feioa Freauency
value 95780z n2% preee 2508ne ne ss20n sesine 798ns - 169 ns 7270 708ns s2m 18250ns 7ens o15ns 1029ns “snens 008% 95105 06730 ans 57308 038ns 2083z
cu x Detax vigxt Va2 ety v x xz oetax viex e petar v e xi x Detax viga @2 oetar v x Deax vigx vee s

value 280 ssns 2w s 7w 200mv Teons 2138 Tigns 287w Erary g 200mv S78my 19005 2605 188 s sss3w tea3w ECrng 200mv 1200 ens 18 ns ety perry 87w 200mv 200my

N

|
|
|
|
|
I
.

N
Messurements Ampinse hax Nean Nin o Base T mims [ voasurements Ampitce vax vean win e Buse Top Fims [ Measurements. Ampinge hax Nean in Base T mims. [ Measurements Ampinse hax Nean Nin o Base T Rms
velue 2762mv 1080my e ATV eETOT W A2 1050my assouv e TS0 1320mv g astsmv 31omspws s0su 1520 o2 (e ast3mv 1208my 25w 2108y 108128 pW0 2108 mv 1208 my srsuv [l vave s my 3w -1os0my 2502 000 -10s0mv a8 my T
Messurements osiay ouy Fall 9010 Fal30.20 Rise 10:90 Rise2080 perios Freauency (B Measurements Doty ouy Fal%0.10 Fall 020 Rise10%0 Rise20:80 period Frequeny [ measurements osiay ouy Fall 9010 Fal30.20 Rise 10:90 Rise2090 perios Freauency [ easurements osiay ouy Fall 9010 Fal30.20 Rise 10:90 Rise2090 perios Frequency
value stdzns os% as1ps 11334 20705 101ns 2s10s sazzuz W vae r2a7ne 0% 1580 15azns <2eme “ion 19984ns vaiue anaaens 1280845 1257345 30 — e sseanne fm% 2018ns E 755.4ns

Cursors xi x Dt vigxt @2 oetar v vs [ cursors x x oetax viex e Detar v ve [ cursors xi x Detax viga @2 oetar v v [ cursors xi x Detax vigx @2 oetar v v
value 1izns a0 20805 5w 82w 1007w 200mv 200mv [W8vatue sans s 2805 3w 1581w 28w 200mv 200mv v ssns 32005 2205 asw e rew 200mv 200my [ vaie ssns 205 28205 Ry <03 1238w 200mv 200mv
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LINAC BEAM - HODOSCOPE

Beam Long Pulse Parameters

08/02/2020

Starting from end point energy, a monotonic increase on all
the parameter (flux, energy bin, pulse width)

A tool for selecting wide energy spread beams downstream
scrapers and spectrometer

Beam structure strongly dependent on:
Gun time advance in respect to the best injection
point (as in DAONE mode, 10ns as DIRAC 9, -
200ns)
GUN control grid and HV

LINAC RF main frequency then
prebuncher&buncher power/phases

Modulator phase, obviously, for the beam energy
centroid

Modulator reciprocal timing



BTEF BEAM - SELECTION

After DIPOLES => scrapering as in “secondary mode”

TO BTFEH1

The structured beam spread _

Injection angle in BTF channel

e p—

* Charge control via LINAC current is great(down to single particle

multiplicity !!!!) -> no needs of target
* SLTBO0O04 scrapering downstream enhances final beam spread (< 1%)
* Limited use of downstream scrapers => lower BTFEH1 background and
beam side effects
* Reduced coupling of final focus from injected beam (transverse shape are

huge compared to SLTB0O03-004 scraper pin hole)
08/02/2020 BTTB9




DIAGNOSTICS
SOFTWARE LAYOUT

[ v

Different HW
o wgger | —»{ Trggered || Frowe SOMre | | Frame n
frame DAQ memory

Y

i

Consumerl

Frame readout

and Type/Time LIVE server

conditioning tagged MEMcached
LW J S
Y Y
0 0 =
. O e
Thread on FitPIX 10 o

Callback
frame by frame
on dev interrupt 1

Callback

frame by frame e

on dev interrupt N

Thread on FitPIX N

08/02/2020 BTTB9

MEMCACHED
https://memcached.org/about

Consumer
N

Live data in Users
DAQ (few routines in
Py, C++,C...)

N

=
speayduty

]

Online monitor
and analysis

A

Last year trial with
Corryvreckan env.

many thanks to Simon and
Jens for the discussions about

14



DIAGNOSTICS: SECONDARY BEAM

Typical secondary beam diagnostics (some of)

ADVACAM FITPIX/TIMEPIX detectors
256x256 pixels, 55 um pitch, 14x14 mm? active area
300 pum thickness sensor
Three FitPIX devices operational
LEAD GLASS Calorimeter: higher beam (charge*energy)
BGO segmented Calorimeter: next, lower <l

[ Opened at: 121315 11:13:16 &M

BOD1 gk | 4459.8  Beam Energy [Mev] DHSTEO0Z ok 4457 Energy [Mev]
RUN (min) [120 |

0
Cr .
o ) BTF Calorimeter (Lead Glass)
e a5 .
» with 450 MeV Electron Beam,
nnnnnnnnnnn
o1 M (superposition)=1 and 8
- 0.64 — [0.00 -
10E+1] ol | peand ¥ o [mm] --
6.0E+0-} 2.49 — 0.00 —
xvz  -256-1-] A
- -5.0E-1-] — =
-7 5E-1-] —
] ] 1 -1 DE"D_I ] ] ] ] 1 - pier-
60.0 80.0 96.0 0o 200 400 600 800 950 .
e
gELﬂl fratm [min] horizontal fit to [mn] 45 | HE | it from [rm] wertical fit to [mm]3[45 |
gussConval lutionThistreap)
43 | running ok Trigger [2368371¢ atr |0 #¢le [0.70 Int# ols 38367 || EECERN]
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DIAGNOSTICS: PRIMARY BEAM

Primary beam diagnostics (some of)

U
Direct measurement
(test beam particles, destructive) L: . R
= Bergoz Integrating Current Transformer =
= (ICT-122-070-05:1) D

" Flags and fast cam

SSSSSSS

Indirect measurement
(secondary photons, run quality monitor)
" Beam steered to experiment
" Lead Glass Calo and FITPix get Bremssthralung photon
from mylar window (decoupler for static-ionic to dyn-TMP
vacuum)
= Energy collected is less 0,001 of the total steered charge
(12m away)
= Used to calculate delivered charge, beam lenght runtime

* Higher measurement errors (10%)
08/02/2020 BTTB9 16
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TD53054C Channels - BTF CR

BTEF BEAM — PRIMARY MEASUREMENT

scope ERROR . MNOTRIGGER .

+
EFF overrange - ﬁ g

DIRECT MEASUREMENT!
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-0.40-
-0.50-
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TD53054C Channels - BTF CR
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BTF BEAM - 320NS PULSE TRIALS

Cranne! 1 - weMTMOL R

e scopeennon () nomuccen (@ i overionge > 2 = e Extending longitudinal line acceptance with GUN
el feow owe @ improved timing:
|-1,19E-8 I-3,4E-2 Ave Pulse Time [s]

Charge [#part] : R
s Bz 1) e 15/10/20 trials on 320ns, 32kPoT/bunch

[reen ] s: | * Measure on BTFDAQ in direct and Bremss
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BTF BEAM — PRIMARY BEAMS
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BTEF BEAM — PRIMARY SINGLE PARTICLE

. . . . o ﬁoneElec rantAC_1.6.2_slowD i ,_?_| =] @
A tough feature gained is the delivery of a single particle t
maode
beam by Only means of GUN gr|d Control: DHPTEL0L ok dagftrigger ok ;:; DHSTEO0L ol 4316  Beam Energy [MeV] DHSTBODZ @ 0.9 Energy [Mey]
madulatar gk qun ok i [ | RUM (rmin) ,r_
Spectra charge  Fal] #Du' TR #10' EaEy '4'0#20' aaaEn; ADCSatu

28 17

* Scrapers setpoint unchanged from nominal position
e Apart GUN grid, LINAC set not changed

* Beam pulse width conserved (distortion on flatness)
e Linear control

e Standard transport unchanged =

. peak | 43 i E_)E.In_t_ Dilnt ~ DZ/Dlint  mean me-) _I

AGAIN another very good result for a LINAC intended for o é_ " .eelan o ) ™y

. @ﬂ’) d £ D2 Ratio D2/D3 5193 main 5 (e-) unac Bill
high charge, 10ns pulse!!! o R e
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BTF BEAM
100 MEV IRRAD REGIONAL FUND

The general aim of the project is the use of electron sources,
ERAD @ BTF available at the INFN-LNF to measure the behavior and
resistance of electronic components intended to be

Lucia Sabbatini, Bruno Buonomo subjected to radiation in the aerospace environment.

INFN TEAM :Bruno Buonomo, Luca Foggetta, Claudio Di Giulio,

Domenico Di Giovenale, Fabio Cardelli The values and results acquired with these measurements
% will be compared with homologous measurements
E Q © Eﬁ‘;g“* performed with photons in order to define comparative
resistance thresholds and related indicators.
¢RAD Started 11/06/2020 Duration 2 years
Test di resistenza alle radiazioni per componenti
aerospaziali
BIE o Beam time request ~ 3 months high intensity
el §
beam @ BTF
o IMT ¢ INFN @
VLI ot tatatng Tesnstoge LINAC Measurements time request ~“1 month
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BTY BEAM

100 MEV DEVELOPMENT

Intensity cumulus|

BTF for SPACE related RAD hardness test
Goal to achieve 100MeV primary beam

20->100ns beam pulse time

Shot over 1076 -> 10710 electron pe
Narrow energy spread

Broad X/Y dimensions (~cm”2)
Overall tolerance on 10%

S

r bunch

24336E-15

First trials on DEC-2020:

164 MeV achived

20ns pulse time

Test on lower charge due to FitPIX
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DIAGNOSTICS
LATEST

KATHERINE = Ethernet Embedded
Readout Interface for Timepix3 . FRCULTY O LEcTRCA

e RJ45 plug — 1Gbit interface
* No needs of standalone PC
e Easyincluded in BTF virtual
machine environment
* Test Beam with native software

O Actually trials On BTF DAQ | BTF 450Mev beam | 1000 o0 Scatter plot of energies in telescope [ToT x ToT]
. . ” 120 | y
* Debugging a BTF solution for Ml gl
compact and portable tracker o ﬁ ‘
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BTF - UPGRADE

08/02/2020

Ready to start mounting a 2nd line

Exp. Halls have been just prepared to
receive tons of iron
Again, hard months of work will be on
the horizon. Maybe we will have some
to present on next BTTB!

Thank you for your attention!!!
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BTEF BEAM - SELECTION

These way of beam structure leads to:

« DHPTBOO1 - DHSTBO0O1 act as second beam pulse flattening tool (removes
head-tail peaks)
 DHSTBO0O01 sector magnet => -X sees more focusing for higher energy
* Treat this beam as secondary beam (as BTF usually do)

* Mylar window is a good Bremsstrahlung radiator for an online monitor

TO BTFEH1
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BTEF BEAM — NEW DIAGNOSTICS SETUP

Fast BTF beam diagnostics

 CALOBTF1 (PbWO — NAG62 like)

» Timepix detectors (65k Pixel TPX,TPX3 detector, ~2cm?)

* Located downstream the straight pipe in the DHSTB002 dipole
* Adsorber in the middle (0.3mm Al window, 0.7 Si detectors)

Direct measurement (positrons, PADME delivered beam):
* Stop injections to PADME

e DHSTBO0O02 switch off

* Injection in the straight DHSTB002 channel

DHSTBZ02

Indirect mesurement (secondary photons, run quality monitor)

* Beam steered to PADME

 CALOBTF1 and FITPix get Bremssthralung photon from mylar window
* Energy collected is less 0,001 of the total steered charge (12m away)

* Used to calculate delivered PoT, beam lenght runtime

* Higher measurement errors (10%) 7 1

08/02/2020 BTTB9
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