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Introduction

« The secondary beam areas of CERN are unique, versatile facilities that can offer
particle beams of a very broad range of momenta and intensities.

« Electron & positron beams of high purity have been and are available, while they are

recently requested m

ore and more for physics
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Dark Matter Search in Missing Energy Events with NA64
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& R&D purposes

We demonstrate experimentally that the trident process e~ — ¢~e*e™ in a strong external field, with a
spatial extension comparable to the effective radiation length, is well understood theoretically. The
experiment, conducted at CERN, probes values for the strong field parameter 7 up to 2.4. Experimental data
and theoretical expectations using the local constant field show over

almost 3 orders of magnitude in yield.

DOL: 10.1103/PhysRevLett. 130.071601
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CMS ECAL intercalibration with cosmic rays and 2006 test
beam electrons

Valentina Tancini on behalfl of the CMS ECAL group
Universita’ degli Studi di Milano Bicocca and INFN Milano Bicocca,
Miiano, Dipartimento di Fisica G.Occhiakini, Fiazza delle Scienze 3§ 20126 Italy
* B-mail: valentina.tancini@mib. infr. it

The CMS Electromagnetic Calorimeter (ECAL) ealibration foresees dedicated
protocols both before and during the data taking. Up to now test beam elec-
trons and cosmic muons have been used to precalibrate ECAL. During the
summer 2006, nine ECAL supermodules have been exposed to a high energy
electron beam at the CERN SPS north area facility and the intercalibration
i of the 1700 ch Is have been for each
The reproducibility of the intercalibration has been tested by measuring a su-
permodule twice. Different calibration methods based either on single crystals
or on matrices of crystals energy reconstruction have been used. The inter-
calibration coefficients obtained have also been compared with those calculated
by means of the cosmic ray muons.
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Existing Proton-driven Facilities

Present
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The secondary beam areas today

The CERN accelerator complex
Complexe des accélérateurs du CERN

CMS
North el
LHC Area 4
ALICE TT20 H l.HCb

TT42

SPS

AWAKE

T2 Em
HiRadMat
2011 | TT66
b MEDICIS
ISOLDE
REX/HIE- East Area
ISOLDE
200172015 /‘I—C
n_TOF A <4
s I CLEAR
P H™ (hydrogen anions) p ions P RIBs (Radioactive lon Beams) P n (neutrons P p(antiprotons) P e (electrons) P p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron /f PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Hight // HiRadMat - High-Radiation to Materials // Neutrino Platform

SPS : protons/ions @ 400 GeV/c/Z

PS: protons /ions @ 24 GeV/c/Z

North Area = <400 GeV/c/Z (primary
beam) or < 360 GeV/c/Z (secondary
beams)

East Area = < 10 GeV/c secondary
beams

Electrons / positrons available both in
North & East areas.
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East Area of CERN/PS

« Two beamlines available for tests : T9 and ey \ LT
TlO gPrlmar[A\‘rea) \251%%%%%\%&

e Electrons of momenta 0.5 GeV/c — 10 GeV/c
available

« Purity variable between 99% - 50% (lower —
higher momenta)

Target Area
(Primary Area)

* 400 ms spill length N

« Spill structure from PS accelerator:

wnos

i g T = I
= ~ ] o 7
. i)

\\7\1‘

« ~1 spill every 18s, more on request Tl =TT Teb(rmaryavea) s Tac (prinfary Area)

* Quick access, short routes from control to
experimental areas
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Electron beam properties in the East Area

Electrons beams of various
purities and intensities are
available, between 0.1 & 5 GeV/c

Electrons & positrons produced
equally, choice to transfer one of
the two signs in the various
experiments

> 90% electron purity for
momenta <5 GeV/c reaching
~99% at 1 GeV/c

Rates, in all momenta up to ~10°
particles / spill in TO9

XCET Data — Plot 2

Positron % - Target 1

0 1 2 3 4 5 6

~ Momentum (GeV/c)
Courtesy: D. Banerjee

ECAL Energy Response to e-

4 GeV/c e- energy deposition in ECAL 3 GeV/c e- energy deposition in ECAL
Edep(MeV) Edep(MeV) _
Edep 5
44153 ool |Cnes 3;:073:
E 1222 - Sid Dev 422
wf 66.86 F Courtesy: CALICE |umeton 0
: 4 woop- 7~~~ |Overfow
g Integral 375:7:5?2

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

N
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North Area of CERN SPS

VLE

—)

Beam T2 wobbling

from SPS

target

VLE beam line

H2

VLE beam line

NAB2++ |
NA62x4 /
KLEVER

AMBER /

mmmmg MuonE /

NAB4++ (i)

i NAG1 TR

H2
H4 NAG4

S =

- :H8

“ _Luuww. Luum.uu.u_ S —————

400 GeV/c beam from the SPS impinges on 3 Be targets, producing §
essentially all the secondaries that can be chosen with the magnetic 1. . =

spectrometers of the secondary lines.

» N.B: Slow extraction, 4.8s spill duration, 1 spill ~20 seconds —= ——
> Electron beams available for test-beams only in EHN1 (H2/H4/H6/H8 lines) "

Experlmentél Zones -

g‘

The CERN accelerator complex
Complexe des accélérateurs du CERN

ALICE ™o 1] LHCb
n

T 1976 (7 k) \ AWAKE

MEDICIS
2010 ]
ISOLDE

IgEé HIE. | East Area

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

7 | CLEAR
P} H™ (hydrogen anions) P ions D RIBs (Radioactive lon Beams) p nineutrons) B p(antiprotons) P e (electrons) P p (muons)
LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine / REX/HIE-ISOLDE - Radioactive

EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator /.
n_TOF - Neutrons Time OF Flight // HiRadMat - High-Radiiation to Materials // Neutrino Platform

Hadron beams Electron beams

on Be targets, H.W.Atherton

s (10%pot e %)

et al.

Particle production by 400 GeV/c profons

@@B 5-Oct-23
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Electron beam properties in the North Area (1)

« Mechanism 1 : Production of electrons / positron from the neutral channel (710> yy
and then, in a Pb converter y =2 e+e-)

e . e“\\“-(\

0(“ -0
\\]\se\ec\\o e+ ore- .
a1 Qz > EXperiments

CONVERTER

e+ or

e
/'x I .
. ' Figure: ~5x1012 protons on target ~1E7
electrons/spill in H4 line

* Intensities between 103 — 107 particles per spill, depending on the collimation & momentum
selection precision

* Purity between 50 — 100% depending on the beamline, momentum & exact target station
configuration

« Converter: Pb, 4mm thickness
 Only availablein H2 / H4 lines — H6 & H8 don’t have this option

CE/RW
\

N
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Electron beam properties in the North Area (2)

« Mechanism 2 : Bremsstrahlung of electrons/positrons produced at the upstream
targets, using a secondary target

High energy o™ Lower energy e+ or e- .
mixed . ‘\"2‘3@0\\0“ > > Experiments
hadron &
electron
beam
> . Secondary
f E target

* Intensities between 10%— 10* particles per spill, depending on the collimation &
momentum selection precision

* Purity between 10 — 90% depending on the beamline, momentum & exact target station
configuration

« Secondary target: Cu, Pb, 3-300mm
 Available in H6 & H8 beamlines

CE/RW
\
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Examples of electron beams in EHN1

...as measured by the various experiments

[Crotciong 231048 TraGey
:'.!me‘l...7 ....... “L”l’:;"{(:‘;‘ é F a0 Gev
() [ s 21009 Meanx 08255 | g 008 — 460 GeV
0.16} ean 007 o - -
[ B 190 Ga 2023 00w 608 8 r Trsce
014 | 5uf Devy 00159 ‘s 005 +100 GeV
Gan: 20 " -5 - . i +120 GeV
$ [ Courtesy: A. Baratto, M. Van Dijk | 7" =
0'04:_ --- +160 GaV
0.03[— '
C f Edep(MeV)
1 C i Edep
! { 0.02[— i - Eniries 69598
| ) E 10° Mean 6673
F* 5 1 ) - : h = StdDev 2265
2 1 ileCal: N S Electrons 100 GeV/c
0 02 o4 08 1] ' 12 14 MC 18 0: m:?r% . :
oo 0 500 600 700
H 8 ADC counts 10
. Hadrons /
Beam Qua“ty ST01X channels distribution muons Courtesy: CALICE
Entrias 260477
» Had excellent beam quality for electrons, muons, pions 600001 Maan 28.73
» Very high purity achieved after wobbling change of Friday [ RMS 3.906 |
> Adjusted momentum collimators for some runs to 50000 Underflow 2
reduce momentum spread at high energy X Guertiow 800 1000 1200 1400 1600
[ - Integral  2.6052+05
"“E Calorimet g | 40000
wﬁr?gg‘ gs{lr:;%?rr:':sni CE Calorimeter response L H 2
i / . f with 250 GeV electrons ‘ r
LR 30000F Courtesy: H4
T S r H4 [ NA64
I el o E g P b J[l ! ‘ 20000
I L1 Il WY ] :
5 0 [ 30 % B 0o 200 Y500 b m’éz@ 100‘00_—
Many thanks to Bastien and Nikos for their prompt and efficient L
work in setting up beams e ir initial requirements r
Managed to cover almost ty m@wducrté‘gympﬂgER 00 et 'm' e '20 L '3'{}' 0 e '5'0' e IELI
channels
CERN . .- .
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Future Proton-driven Facilities

Future
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Future Proton Facilities —= CERN HI ECN3

 New proposals are coming up for the North Area
« Within the Physics Beyond Colliders initiative and the ECN3-HI

TF, three proposals are being considered for post-LS3 (2029)
Opel’atIOn . 7 EHN1

N EHN]bNeutrino Platform

H2, H4, H6,H8
« HIKE : A proposed expansion of the current NA62 experiment for studying rare decays of 12,74,T6 tgts\/d &
charged kaons and (later) neutral kaons ; SIS

« SHADOWS : A new experiment that would look for visible feebly-interacting particle (FIP) / 5
decays off-axis and could run in parallel to HIKE ; nzom“sprg’f_",~.‘ £

« BDF/SHIP : A proposal that would allow a full investigation of hidden sectors in the GeV mass
range.

« All experiments would require unprecedented intensity extracted
towards the CERN North Area (4x10%2 protons / slowly extracted spill
— O(10%) protons per year)

 More requests for electron beams are to come up ?
» higher intensities...?

. . s . . s
Crystal studies ...? More collimated and bl’lght beams * https://cds.cern.ch/record/2802785/files/2204.03549.pdf
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https://cds.cern.ch/record/2847433/files/PBC%20ECN3%20TF%20Final%20Report.pdf
https://cds.cern.ch/record/2847433/files/PBC%20ECN3%20TF%20Final%20Report.pdf

Summary

« The CERN’s secondary beam areas are excellent facilities for providing high quality
electron beams, in a variety of intensities and purities

« Many fixed target experiments & R&D efforts have made use up-to date and more are to come

« The future “landscape” has yet to be fully explored — also many new ideas will be
coming from Physics Beyond Colliders or other inititatives in the upcoming years

« |If there are requests for exciting experiments, don’t hesitate to contact us !
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