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EHN1 Extension - H2 VLE Beam

Schematic Layout
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Presentation outline
e Introduction — CERN North Area Beam Facllity

e Lower energy beam lines

@JH2-VLE (for NP-02) and H4-VLE (for NP-04)

 Outlook In their performance and characteristics

AInstrumentation

« Summary / Conclusions
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The Experimental Hall North 1 — EHN1

e Part of the SPS North Area complex in the CERN prevessin site

e« ~330 m long, ~50 m wide industrial type
building (recently extended by ~70 m)

* Houses 4 beam lines (H2/H4/H6/H8)

« General purpose building, modular
Infrastructure, easy to adapt to the needs
of the experiments
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The Experimental Hall North 1 — EHN1
..and the EHN1-extension

¥r
A+

* Experimental

Towards the Targets ~ 300 m ~70 m

Hosts permanent fixed target experiments and quasi permanent test beams of large LHC
experiments, as well as many non-permanent test beams for detector R&D
a A dynamic building that adapts to the user needs
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The North Area Beam Lines — Design Principle

Precise (< 2% dp/p acceptance, 0.1% intrinsic resolution), robust, flexible
magnetic spectrometers

~8m EARTH

Be: Largest ratio X,/A

int

~10m

muen halo ///

sSPs

L. Efthymicpoulos - CERN - EDMS MNo: 1165938

“Wobbling” of the beam before and after the target allows for flexibility on the particles
selected and transported to the experimental areas.
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H2 / H4 Magnetic Spectrometer Magnets
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North Area Beam line characteristics

» Very large momentum range from approx. 10 GeV/c & 400 GeV/c

(primary
e Mixed
 Muon

neam)
nadron or pure electron secondary (or tertiary) beams

peams also available with controllable intensity and energy spread

 High intensity ( mostly limited by the radiation protection rules in the

halls)

o ~ 1E7 particles / spill (~4.8s)

aHowever : Designed for high energies (>300 GeV/c).
§ Total length : ~ 600 m — For low energy particles becomes critical

§ Power

supplies of bends and quads not very stable when operating in very

low currents (for 10 GeV a 31A, setting error 0.2A & 0.6% momentum or
~50% acceptance!)

§ Most of the available instrumentation is tuned for high intensities > 10° p/spill
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Low momenta ( < 10 GeV/c)

 Design Challenges

asShort length of the beam line necessary for momenta

aMinimizing the muon/charged particle background (important for slow read-out

detectors, like LAr TPC’s.... or in any other detector)

aMomentum selection within a few %

asufficient acceptance & Rate to the experiment
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Example: NP-02 and NP-04 (“ProtoDUNES”)

Scope

* Design, installation and operation of Very Low Energy (VLE) extensions and
new experimental areas of H2 / H4 beam lines of North Area

»In the framework of CERN Neutrino Platform Project - Generic R&D on v-detectors
* New test-beam infrastructure where large-volume v-detector prototypes can
be tested and calibrated using charged particle beams
»NP-02/NP-04: 6x6x6 m> Liquid Argon detectors
» Outside structure: 11x11x11 m?(~300 tons LAr) Parameter

| Requirements
Particle Types e, Kp
. Momentum Range 0.2 - 10 GeV/c
* Low momentum charged particle beams needed = omuun spreas B9l <5 %

(limited by the aperture of the magnets)

»Hadrons/electrons with momentum 1-12 GeV/c Ty Mo 09 | R -

(At the entrance face of the LAr eryostat)

»NP-02 TDR: CERN-SPSC-2014-013 ; SPSC-TDR-004 Do D | e

Beam Angle rl0

(horizontal plane) (w.r.t. the long axis of the cryostat)
> N P'04 p rOpOSB ': CE RN'SPSC'ZO 15'020 ; SPSC' P‘351 Beam Dip Angle ==6° (downward from horizontal)
(vertical plane)
Beam Entrance Position Multiple beam windows
Rates 200 Hz (maximum)
Table 4: Particle beam requirements.
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Example: NP-02 detector

HV power supply
(- 300KV, -G00KV/- 1 MV)

Heinforeed concrete

outer vessel

GRPF Phywood
1.2m passive msulstion

Ind barvier

Micro TCA erates (12)
for charge signal
scquinition electionics

- Charged particke
-— beam

Beam nput pipe
(evacuated PE)

Courtesy : F. Sergianpietri

How to satisfy these experimental requirements ?
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Liquid argon density

Liquid argon volume height

Active liquid argon height
I]I\'III'U.\‘.'I[ ic pressure at the bottom
Inner vessel size (WxLxH)

Inner vessel base surface

Total liguid argon volume

Total liguid argon mass

Active LAr area

Charge readout module (0.5 x0.5 m?)
N of signal feedthrough

N of readout channels

N of PMT

1.38
7.6
5.99
1.03
8.3 x 8.3 x 8.1
67.6
500.6
705
36
36
12
T6R0
36

TABLE I: Main parameters of the LBNO prototype.



V-L-E Extensions of the secondary beam lines

o A “tertiary” beam line — and a second magnetic spectrometer, with the
low-energy particles being created and selected close to the experiment

* Not a “new” idea — Successful implementations in the past in H8 (for

ATLAS) and H2 (for CMS)
 https://arxiv.org/ftp/arxiv/papers/1206/1206.2184.pdf

 CMS NOTE-2008/034
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H2-VLE (2003) H2-VLE (2018)

b FOU r_ben dS | ayDUt Layout oj; existing secondary !:i :km;’tsgrgy H2-VLE beam lines of EHN1
- Available magnets: MBPL 120mrad 6/,..»:;;«»*‘“ Surface > \ow energybeam0'5 - 12 ¥
for 1-9 GeV beams ke e
protons AP
’_,M ............. v Prg::;;ﬁﬂ;?nd
Primary
Target ‘T2’ 11x11m
.J::';.:'”" : -: . H2 secon::;yn::eam line H2-V‘l.i§s:a1m e - T-===
4 + earth/concrete
m— U= Vy ~5-6m
o - I
el s m,f ) range[m] = 2xp[GeVc/]
- design used for the ATLAS(H8) a Large angles and off-axis placement of the detector wrt
&CMS(H2) calorimeters in the past the secondary beam reduces the background to the
: 3_““9{5 from éﬂfgebbﬂckgmund from the experiment from the beam and ground shields (mostly)
irect secondary beam
4 Courtesy: |. Efthymiopoulos the one from the target.
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Beam Layout - H2-VLE

 Tilted dipoles & quadrupoles
@ 34.9 degrees with respect to x-plane
@ Total bend angle : 234.8 mrad in the bending plane

e Momentum selection collimator available
@ Full acceptance &p/p: 5%
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Conceptual Design H2/H4 — VLE

EHN1 Extension - H2 VLE Beam

TOF0,51

Secondary
Target

Q21 Q22 Q23 B7a B7b

! J

v

Acceptance
CQuadrupoles

ss=elie- Incoming beam: 80 GeV/c;

high intensity (~10%-107pps)  Selection

———#* Attenuated incoming beam

s——lie- | ow energy beam (0.4 — 12 GeV//c)

L Efthymiopoulos - 2018
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Schematic Layout

Q24 pBsa | BSb
BPROF1
BPROF2
Collimator BPROF3

Momentum

Spectrometer
homentum
measurement

H_Jw_/l\ J

BEMD=: MEPL, gap 140mm

QUADs : QPL + QPS3
large aperture (200 mm)

TOFOM,51/3 : experiment Time-of-Flight
&Trigger counters

BPROF1/4 ; Fibre beam profile monitors

Cher1/2 : Thershold Cherenkov counters

TOF1,53

Experiment

Q24 Q23 Cher Cher2

Final Y
Focusing Particle e
IC
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Beam optics optimization
 Optics / tracking calculations with MAD-X & TRANSPORT

H2-VLE HORIZONTAL PLANE

H2-VLE VERTICAL PLANE
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Optics optimization by Y. Chatzidaki [CERN & NTU Athens]
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X inmm

And validation with a Full Monte — Carlo

200 g 200
- horizontal E L vertical
'5“:— 5 W
100~ maf—
g - * Merging H2 and H4 beamlines plus extensions in the same
301 501 model
o i * Perform H2-H4 background studies
- - * More news soon
—51):— _53:_
~100f- —_100E-
- - 2103 Good Particles
1501 _1sof- 2313 Good Particles 5
C - e
- ulllllllllIIJIIJ]IIJJ!lIlllI[lIIIlIIIIlIIJJ|I]J!xln.‘ _20{]",,||,,,||,,,||,,.|,,.,|,”||”||1|”|;|”||||||x][ /
630 635 640 645 I?S{] 655 660 665 670 675 630 635 640 645 650 655 660 665 670 675 / I
#1nmm Z1mmm = Current snapshot of
= “merged” version
LN 01.09.2017 M. Rosenthal 2

~7 @ 07.06.2017 M. Rosenthal, N. Charitonidis 11

Simulations by M. Rosenthal [CERN]
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Beam CO m pOSItI O ﬂ Assuming ~10° particles / spill on the secondary target

References : NP-02 rate
CERN-ACC-NOTE-2016-0052 e
1 21 0 0 4 3 28
CERN-ACC-NOTE-2016-0059 2 v 0 0 7 B 3%
3 14 1 1 10 30 6
Particle content @ ProtoDUNE- DP I T s T
100 Within the beam pipe for 1E6 particles @ T22 target : 7 2 : - > -
_______ e ] : anti-p| 6 77 9 2 5 133 247
' ' ' ' | Py | 5 | ; | e- | 7 69 11 2 28 169 279
95 FTFP_BERT physics list arErrs e Sss S Seee Y o EECR EREN EERES SRR SRS B A e+ 8 59 16 3 35 193 305
O o | v K b g 51 19 3 37 227 337
R e R S S e IRMAE SOt IEREG AL (ERE RRREE R ponoooeees e e N ARRR Attt B N (G & 10 a6 2 3 as 254 370
85 T o O O S S T o L T ] € mu- 1 a1 27 3 53 268 393
80 ] i | i i j : : ] : ! » mu+ [ 12 g 29 3 60 292 422
o\l? 75 I A e R A A “ --------------------------------------------------------------------------- : gi- B Table 2: Trigger rate for a Cu (0.4 — 3 GeV/c) target and a W (4-12 GeV/c) target.
b i I . A S DU S U SO Y St s B R S L] e pit
XL T O 0 L 0 O M A W0 8 Mo iy
PP e S S e s g 3
S o e g pions
® 559 e '3
g 804 H S O O O »
L 45 B s NP-04 rate
S 404 e .S A Y St 40
A e s s e e s e e e s s mm o
o BT
-_cé 30 __________ ¢ ___________________________________________________________________________ A 20 O Fluka, no mat
© 25 ® *
o oo L e I A I A S S I P A A A ® Fluka, with mat
| 9
| 5 — G4
: 4
- 4
3 .
12 10 -8 -6 -4 -2 0 2 4 6 8 10 12 Courtesy. P. Sala, E. Nowak
Momentum [GeV/c] . ! : * ' ? . o 2
p{GeV/c)
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Momentum Resolution

= — — ‘-'g — Central Momentum : 7 GeV/c -
e - P, =7.0 GeVic u P 800 [ G =0.2 mm, Apip = 1.1% =
~ Z:iﬁ:ﬁ:iiﬁ:ﬁﬂﬁ:iﬁ:iﬁ"ﬁi Z 2 F —0,=0.5mm,Ap/p=2.6% =
400 - Stit | =+45.0 mm, A pip = 4. — 700 F —— 0, =0.8 mm, A p/p = 4.2% =
N N 600 E- —i
300 = 500 F- =
- ] 400 - =
200 — — = =
_ _ 300 — —
100 — — 200}~ =
- "i A . 100 £ —
q:'_u et et | |1 el e SRR AR EI T B T _LE_

02 <015 01 005 0 0.05 0@ 015~ 0.2 b2 005 01 005 0 0.05 0.1 015 0.2
PercarPo’ Py Only Hadrons P -P/P

Beam lines _equped with a momentum selection Spectrometer (using 3 profile monitors) around a

station which can offer a dp/p down to 2% at an bending magnet — momentum measurement
expense of the rate without expense on the rate

References : CERN-ACC-NOTE-2016-0052, CERN-ACC-NOTE-2016-0059
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Instrumentation under consideration

EHN1 Extension - H2 VLE Beam

Schematic Layout

 Profile/Intensity monitors ==

@Necessary for beam tuning t ' %@JII e
e Beam momentum spectrometer
A3 profile monitors around a bending magnet [ I Il\
e 2 Gas Cherenkov Detectors per beam line g

0 R134a & CO2 gases (1 high and 1 low pressure) -
@Dp*/K*/m* separation from >2 GeV/c e
de- tagging - el

Efthymiopouios - 2016

 ToF using scintillating fiber detectors or ionization detectors
Dp*/n* separation <2 GeV/c

AaAll of the above combined with the triggers of the experiment !
a A challenging exercise !
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Challenges for (new) VLE Beams

e Infrastructure related
 Magnets and power supplies availability

 Space availability — with minimal disturbance to the downstream
experiments and the ‘normal’ operation of the beam line

o Acceptance 3 a rate defined by the line geometry

e Composition, background to the experiment & instrumentation
e Low proton content Iin tertiary beams ( ~5-10%)
 Rate does not exceed ~a few hundred of Hz

* Muons/background from the secondary beam — can they be
vetoed ?
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Conclusions

 VLE (Very Low Energy) beam lines have been designed,
Implemented and operated in the past in EHN1 with success

 Two new VLE extensions will be operational in 2018 to serve NP-02
and NP-04 experiments, in the framework of Neutrino Platform
project.

* They are able to provide mixed hadrons and/or pure electrons,
In a short length and with a maximum momentum bite of 5%

* The spot size expected in such beams is large ~10x10 cm? —
tunable depending on the exact line configuration

* A possibility for implementing such a configuration in EHN1 for
future users/experiments can be studied.
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Questions ?

Thank you for your attention !
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