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ntroduction

« 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 more and more for physics & R&D purposes
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CMS ECAL intercalibration with cosmic rays and 2006 test
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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
of the 1700 ch 1s have been for each

The repr ibility of the intercalib 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.

Keywords: calorimetry, LHC, CMS, electromagnetic, calibration, hngMS
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The secondary beam areas at CERN

The CERN accelerator complex
Complexe des accélérateurs du CERN

CMS
North el
LHC Area -
ALICE TT20 [ LHCb

TT42

SPS

AWAKE

T2 | 2016 |
HiRadMat
| 2001} TT66
Nt MEDICIS
AD E
ISOLDE
RIBs
. REX/HIE- East Area
0 ISOLDE
n_TOF A /—'C.:
L UNAC 4
7 I CLEAR
LNAC 2
p H™ (hydrogen anions) p ions } RIBs (Radioactive lon Beams) P n (neutrons P 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 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 2> < 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 T10

/ U
Mixed Area
ﬂbrimai\LArea)

* Flexible areas, with infrastructure
support available from the different
CERN groups

 Quick access, short routes from
control to experimental areas !

7 T
}3. :mmm.,n
* @"J ii mnu'-- 1
: i

Target Area
-.- ':l

. ‘ Primary Area
PS @ 24 GeV/c S—— " gEzERssaTeRn : i ,( ry i N
Slow extraction zerzseszzon s ; P § ; -t / HARM/'RRAD
/.i\ e ey ’ e W - q: ‘ 263 T8c(Pr| ryArea)
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Electron beam properties in the East Area

XCET Data—Plot 2
Electron beams of various purities and

. e . ' o -
intensities are available, between 0.1 & 5 GeV/c Positron % - Target 1

Electrons & positrons produced equally, choice L I ;

to transfer one of the two signs in the various 5" -
experiments.

> 90% electron purity for momenta <5 GeV/c Courtesy: D. Banerjee Momentum (GeV/c)

reaching ~99% at 1 GeV/c

ECAL Energy Response to e-
Rates, in all momenta up to ~10° particles / spill in JY RSP

Tog 4 GeV/c e- energy deposition in ECAL 3 GeV/c e- energy deposition in ECAL
Edep(MeV) Edep(MeV)
o - Edep - Entries
- oF 1o E.’%‘:: 45212:2 i Courtesy: CALICE e
Spill structure from PS accelerator: o ™ o 8| ek - R
el | B

e-, 83k

* 400 ms spill length

« ~1 spill every 18s, more on demand

50 100 150 200 250 300 350 400 0 - 50 100 150 ZIISD E-S‘TJI = ‘330‘ = I'.‘tJST_u_‘l_
pi-, <bh
ECAL ECAL
CERN . . g .
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North Area of CERN SPS

VLE
Beam B target
from SPS

VLE beam line

H2

TT20

TT42

AWAKE T4 wobbling

T2

SHADOWS NAG2++ /

N NAG2x4 /
K12 KLEVER

HiRadMat

MEDICIS

AD ELENA

The CERN accelerator complex A 4 h 4 >
Complexe des accélérateurs du CERN _ NAG4++ (e) .ﬂeam line
T2 wobbling LE H4
target
Area Platiorm _—— ——— ———
- 1 He
ALICE 3 LHCb

[ 2020 G1m) | ISOLDE

BOOSTER 4+~ BB = e,
:
o %Eg BIEE- : East Area AMBER /

MuonE /

2001/2015

=
N
Y

NAG4++ ()

CLEAR
s LEIR LEA
lons Ea
» H (hydrogen anions) P ions P RIBs (Radioactive lon Beams) b n(neutrons) B P (antiprotons) P e (electrons) B 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-Radiation to Materials // Neutrino Platform
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North Area of CERN SPS

| NP-02 '__l- -

R e S I + {F i
B o T T o eenpesvs gt o S g

———————1 -xuu.r.muww.uuu——4 —

The EHN1 experimental hall

400 GeV/c beam from the SPS impinges on 3 daiilih e i AP
Be targets, producing essentially all the b

secondaries that can be chosen with the
magnetic spectrometers of the secondary lines.

> N.B: Slow extraction, 4.8s spill duration, 1
spill ~20 seconds

PN (10%pot psr %)

> Electron beams available for test-beams
only in EHN1 (H2/H4/H6/H8 lines)

PN (107pot use %)"
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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 - ete-)

W
et
& \\]\oﬂ\ G\‘\O“
= ge\e e+ or e- .
W Q1 Q2 » Experiments
3
7, u
bt T e+ or
—_—— T — — _ _ __€- I

Figure: ~5x1072 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 available in H2 / H4 lines — H6 & H8 don’t have this option

CE?W
\
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Examples of Electron Beams

Beam: H4 f no main user
File: H4A NAG4.017

Momentum: +40.00 7 +39.99 GeV/c

XWCA.022.130

1.4E00
1.2E00
1.0E00
8.0E-01
6.0E-01
4.0E-01
2.0E-01
0.0E00

XWCAD22.130
s

T y
<40 -20 0 20 40

Counts:19.14 Mean: 0.67 +/-@

XWCA,022.374 - MWPCO3

XWCA 022 408 - XWCAOS

XDWC.022.490 - XDWCO1

XWCA 022.540 - 144

XWCM.022.598

1.0E-017

5.0E-02

0.0E00-
-15-10 5 0 5 10 15

Counts:1.73 Mean: 2.18 +/- @

Pt
40 20 0 20 40

Counts:11.04 Mean: -0.14 +/<| Foj

<40 20 0 20 40

Counts:6.505E04 Mean: -4.34 }9

XWCADI2374 2.0E00 KWCAD22 408 XDWG D22 480 ] KWCAD22540 KWCM 022598
g | | i ] 1.2603- sihi 3.5€90 s 8.0E00- !
1.5E001 1.0E03 3.0E00
8.0£02- ::::: 6.0E00
1.0E00 - i
6.0E02 1.5£001 4.0E00
5.0E-01- g:0r02y 1.0£007 2.0£00
\ 2.0E02 5.0E-01 :
0.0E00 ~ 0.0E00 0.0E00~ 0.0E00~ T

40 20 O 20 40
Counts:23.24 Mean: 0.11 +/-

-50 o 50

Counts:90.34 Mean: 5.9 +/- 2| p

XWCA 022,131

XWCA[122.131
u

<0 20 0 20 40
Counts:20.11 Mean: 2.87 +/- [ £

® Run

 XWCA.022.375 - MWPCO4

B.0E-01]  XWcAp2375 146009  Xwcatza4oe
D | u o u
1.2E00]
POE0L 1.0£001
4.0E-01- iy |
6.0E-01
2.0E-01 4.0E-01 |
| 20801
0.0E00- i 0.0E00-~r =

X XWCA 022,409 - XWCAO6

: XDWC.022.491 - XDWC02

XWCA 022,541

XWCM.022.599

T T f
<40 -20 0 20 40

Counts:2.39 Mean: 4.81 +/- {,O

T T f
<40 -20 0 20 40

Counts:9.02 Mean: 2.63 +/-s{ §Oj

4.0E03-|

XDWCD22.481
o u

3.0E03

2.0E03

1.0E03

0.0E00-
<0 -20 0 20 40

Counts:6.516E04 Mean: 0.5 @

CAP’.’Z S‘J

40 20 0 20 40

Counts:12.79 Mean: -0.61 +/-| Vol

XWC] 2,599
soe00{ 2

6.0E00
4.0E00-|

2.0E00 A
perel
T

0.0E00

Tro

T
-50 o 50

Counts:79.42 Mean: -2.11 +!-‘ Ej

o/<E>

0.25

0.2

Data n

simulation nominal

simulation H2 beamline (Ali) |

b b e

Hold % Refresh |OAccumulete| |4 counts ” (& Store to e-logbook | -
(g s ___a=(76.0+ 1.0)%\GeV -
c=(3.9+0.1)% ]
0.15— _a=(80.0+8.0)%\Gev = —
c=(3.5+1.0)% ]
0.1- .
O a ul
S R
005\\\|||||||||||||||||||||||\\\\\\\_
' 20 40 60 80 100 120 140 160 180
Epearn [GEV]
W 4-Sep-25 N. Charitonidis | Electron & Positron beams at CERN Secondary Beam Areas



In the high energies: synchrotron radiation helps !

In the electron / positron moment > 120 GeV/c, we can ‘clean’ the beam by adjusting

the magnets for the lower electron momentum and collimating away the hadrons.

200.00 1

190.00 4

Electron momentum

160.00 +

150.00 1

180.00 +

170.00 +

SR Momentum loss of electron beams in H2

!

T T T T T T T T T T T T T T
Bl B2 B2 B2 B3 B3 B3 B4 B4 B4 B5 B5 B5 BB
Bending Magnets of H2

.‘—.'——.———.——_.___',___'_ - - *
———0
—e— 150 GeV B V-Plane
—o— 180 GeV r
—8— 200 GeV [ 1\
Yo' a; = O mm
A/l [ .4
7
Yo f N
8, = 40 mrad
L >t r—9 . ——% ——— —o—o—»

62 = -40 mrad

N7
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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 Omeﬂ\“m Lower energy e+ or e-

mixed . N\se\ec’(\o“ » Experiments
hadron &
electron
beam
> . Secondary
f E target

« Intensities between 102— 104 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

C\@ 4-Sep-25 N. Charitonidis | Electron & Positron beams at CERN Secondary Beam Areas 12



Beam Instrumentation in the North and East Area

Threshold Cherenkov gas counters (XCET) and CEDARs - used for particle tagging

* In the East Area new high pressure XCETs are available that go up to 15bar
« Refrigerant gases like R218 and R134a can be used for low momenta particle tagging

Beam profile & intensity monitors:
« Scintillators & Analog / Delay Multi Wire Chambers are installed in several positions along the beamlines
* In the East Area Scintillating Fibre Hodoscopes (XBPF) are used as profile monitors

« As part of the consolidation efforts under NACONS all Analog / Delay Wire Chambers will be replaced by
XBPFs

- ZT9.BXBPF050 [BEAM] — ;ZT9_BXBPF051 [BEAM]
0. 0 1.5E03 3 5

FISC scanners (only North Area): SN s

6.0E02
. . . . 1.0E03
* Precise slower profile monitors, operating under vacuum .
« Can also be used for measurements of beam divergence S— 5.0E02] J b\
- - 0.0E0D - T ! T T T T

Pb glass calorimeter available on request w0 m 0 m @ | 4 2 o m 4

Counts:1.039E04 Mean: -1.38 +/- 9. ,ﬁ) Counts:1.067E04 Mean: 0.47 +/- 7.2 @

C\E/RW 4-Sep-25 N. Charitonidis | Electron & Positron beams at CERN Secondary Beam Areas 13
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https://doi.org/10.1016/j.nimb.2019.07.014
https://doi.org/10.1016/j.nimb.2017.08.020

Access and Beam Control Software

« The beam can be controlled using the CESAR interface (will be replaced after LS3)

« Magnet currents can be changed, collimators can be controlled, Threshold Cherenkov pressure can be
set, beam files can be loaded, beam profiles and trigger information can be accessed etc.,

CESARGUI 9.7.3

Status Fies Tune Defectors Access EA View Window

° The zZohe can be accessed With a cuwlaress | zrernsy/kencw=|s% naerec

o TR

Beam: ZT10/ ZT10-EXP
File: ZT10A ZT10-EXP.202

Magnets Read
10.QFNO1 -000

« Helmet, safety shoes

* No special access request is needed

ANy Y

POOP OO OP-0 -

* 2-3 members from each user e T

group are given the “patrol” rights ==

JI Trigwers Status [Triggers] 2 s

Beam: ZT10 / ZT10-EXP

H Fiie: ZT10A.ZT10-EXP.202 HMomentum: -10.00 Gevic
° equired only 1o turn on tne beam Mo | o[ emaesfrmnn. :
10.8XSCI0 2.300E+05 KSCIT10 044 30336404
BXSCI0 22426405 XSCIT10036 30336404

* Needs on-site training <
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Examples of electron beams in EHN1

...as measured by the various experiments

(Sot—a0 — +20 GeV
R amannane aes S ——— [;”‘:;' ‘?:7:_‘ 5 F D Gev
O [ 20100 Meonx 08285 § 006 | — +B0 GeV
016} Moar 0 07 o C
: E . 100 ey 2023 Sa![:q.n~:';‘\; 2 C +B0 GeV
014 [ SxiOavy 001556 g 005 +100 GeV
Gen 10 4 o -5 - " . FH +120 GeV
2 [ Courtesy: A. Baratto, M. Van Dijk | "
0'04:_ ---+160 GeV
0.03— '
C j Edep(MeV)
1 C i Edep
i 0.02— i - Entries 69508
o ! E i J‘.L - Mean 667.3
o - 1 C i S = StdDev 2265
ot , ileCal: oo NAWAY LYW = Electrons 100 GeV/c
0 02 04 08 o8 14 18 18 r mw B
r Y. i (™ L L
Coen % 400 50 600 700
H8 ADC counts 107
. Hadrons /
Beam Qua“ty STO1X channels dIStrlbUtl.On muons Courtesy: CALICE
Entrias 260477
» Had excellent beam quality for electrons, muons, pions Em"z_ Maan 28.73
» Very high purity achieved after wobbling change of Friday i RMS 3.906 |
» Adjusted momentum collimators for some runs to 50000 Underflow 2
reduce momentum spread at high energy C Gertow 800 1000 1200 1400 1600
L Integral  2.6052+05
Evi:?rzi?g:\r/r;se%%%zes —._1 10 Calorimeter response 40000~ H 2
y with 250 GeV electrons C
" 300001 Courtesy: H4
T T | - ;1 H4 : NAG64
Il rpd | 11 E b ,‘w { “ ‘i 0 \ 20000
Ll I o g e man A | 5
R | B, 5 Fct. Hovll |1 [0 ;
2 200 300 400 -
et ez 10000(—
Many thanks to Bastien and Nikos for their prompt and efficient E
work in setting up beams e r initial requirements C
Managed to cover almost ty M COUHteSV FASER ol b el el L
otrtesy: 0 10 20 30 40 50 &0
channels
CERN . . .
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Future Proton-driven Facilities

Future
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Future Proton Facilities —

New proposals are coming up for
the North Area

BDF/SHIiP : An experiment that would
allow a full investigation of hidden
sectors in the GeV mass range.

SHiP would require unprecedented
intensity extracted towards the CERN
North Area (4x10'3 protons / slowly
extracted spill — O(4x107%) protons per
year)

More requests for electron beams are to
come up ?

* higher intensities...?

» Crystal studies ...? More collimated and bright
beams ?

G)

CERN ECN3

Challenge accepted

AVa
\/ \/

@ Outstanding observed features that SM does not resolve, and with no experimental hints / guidance sb Tar

- Precision cosmology
Neutrino oscillation:
Baryon flavour precision:

@ New Physics should either be very heavy OR interact very feebly to have escaped detection!

Chamonix Workshop 2025, Chamonix, France — 29 January 2024

R. Jacobsson

“Coupling Frontier” : Any Particles
engaging in Feeble Interactions
(FIPs) with the SM particles

C\E?W 4-Sep-25

N7
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Su m mary Don’t hesitate to contact us :

« 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

sba-operation@cern.ch

https://be-dep-ea.web.cern.ch/

up-to date and more are to come For test-beam applications:
« The future “landscape” will include higher sps.coordinator@cern.ch
proton intensities extracted towards the NA
targets https://ps-sps-coordination.web.cern.ch/ps-sps-

coordination/

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

East Area — Secondary Beamlines North Area Secondary Beamlines

Looking forward to

seeing you (also) at
CERN!
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