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Outline — Contents

« | will attempt to go through the basic design & operation principles of secondary
particle beams

 Describe the available facilities of the PS and SPS experimental areas
* Not discussing AD experiments nor primary beam facilities (like HiRadMat or AWAKE)

« Give some highlights of the physics experiments that take place in these facilities and
their corresponding beamlines

 Hoping to motivate you to visit and participate some experiments or perform a new
one .... ©
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Particle beams — What are they ?

« The term refers to secondary or tertiary beams, i.e beams produced from primary

beams, typically via the interaction on a target material or particle decay.
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Motivation for particle beams

1. Exciting physics opportunities with particles that can mainly be produced via hadronic
Interactions or particle decays

« Kaon physics : A prominent example
Indirect (¢) and Direct (¢') CP-Violation

My own interest in K particles started in 1952-53 while I was at Columbia S Phenomenology: Wu and Yang, (1964)
working with Jim Rainwater on p-mesonic atoms. At that time the strange CERVAASL I cenn e
behavior of the particles newly discovered in cosmic raj I a major topic of : N+ = e+¢e
conversation in the corridors and over coffee. By strange behavior I am referring i
to the copious production but slow decay. Protons bombarded by pions would Nog = € — 2¢

Standing alone among the particles with positive strangeness were the
K and K'mesons, and 1 idly thought that if the situation was ever to be AK = TT) A(KL — 7070)

seing'y :Asauno)d

: 2 . . . N+ — oo =
understood these objects might be the key. Most often experiments in physics A(Ks = mtr™) A(Ks — m00)
are long and difficult. It takes some special tweaking of interest to make the
commitment to a new area of research. The ?rlglnal motivation is, in the . (K, —>w0ﬂ0)/r(K5 —>7r07r0) ; ’/
. - T as a - p— ot [l B L R - [ g S - f— E E-

= ~1—
MK —atn")/T(Ks = ntn™)

Val. L. Fitch et al. — Nobel Prize 1980

...Still many open guestions hiding with kaons
But where do we find the kaons ?

C\E?W
A
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Motivation for particle beams

1. Exciting physics opportunities with particles that can only be produced via hadronic
Interactions or particle decays

« Muon physics : Measuring fundamental properties of matter

Proton charge radius measurement:

Emergence of Hadron Mass and Structure physics motivation

Schwi " . . )
m 3 04 o In QCD, via Dynamic Chiral Symmetry Breaking Hadron radii are an expression of the link between EHM and QCD confinement 3
& s 0.3 N %)
© £ 02 c
c 2 04 Understand how hadrons acquire the observable 8
5 ¥ masses, out of “nothing™ .
O ‘ 0 1 2 3 4 O
U‘ ol Higgs mechanism contributes only a small part S
= Gluon and quark running masses &> In the proton: 1% 8
> =
a SRR, EHM mechanism (i.e. quarks and gluons dynamics) = S
S i s . D | R e o 2 o ) S
O [sPMPRad oniy B - Proton |CEENESER=TIER)
Also the interference between HB and EHM plays a [SPM PRad and MAMIE —— NCui et al, PRL 127, 092001 (2021)]
rOIe 0 l82 0.84 0 ‘EB 0.88 0 an . .
&) In the kaon: ~80%. In the pion: ~95% ritm D. Binos! et al.
rtan s Measurements of meson structure are crucial to confirm it! 4 Two types of measurements: ) )
 chiral imit (€M) EHMAHB & HB lepton-proton scattering and hydrogen spectroscopy, leading to discrepant results

We need intense muon beams to understand more....
Main source of muons: pion decays.
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Motivation for particle beams

1. Exciting physics opportunities with particles that can only be produced via hadronic
Interactions or particle decays

« Dark Matter : It is there, but can we measure it ?

T
@ _The idea that in addition to gravity a new force be- Overwhelming evidence of existence of dark matter,
g tween the dark and visible matter transmitted by a vec- . .
S tor boson, A’ , called dark photon, might exist is quite but we have no Clue What doeS It mean on the par“Cle
£ exciting [1-4]. The A" can have a mass in the sub-GeV | |
8 mass range, and couple to the standard model (SM) via evel. 120
¥ kinetic mixing with the ordinary photon, described by the - i 10°
< terr.n sF LvFﬁf"’ a{ulj‘ parrametriz_'ed b}: It‘he fr}irxing stl:er{g‘th 100 "'-:-_,-'_ e
8 <" -..r'l_ - <
-i: il L @
> . . . - oo £ 100 <
8 Another method, discussed in this work and proposed 2 b e . zZ

in Refs. [43, 44], is based on the detection of the miss- O;g B . =

ing energy, carried away by the hard bremsstrahlung A’ woof A I

produced in the process e~ Z — e~ ZA'; A" — invisible op e 3

of high-energy electrons scattering in the active beam 203 A O

dump target. The advantage of this type of experiment y o . - o

compared to the beam dump ones is that its sensitivity A signal Shomdw» o g ;

is proportional to €, associated with the A" production ° » “ Euons éﬂv % 190

We need intense and pure electron beams to understand more...
High energy electrons (O(10(GeV)) can currently only be produced via the ° - yy - e*e-channel

/) 09/02/24 N. Charitonidis - Physics at the CERN secondary lines



Motivation for particle beams

. Detector development and R&D

The design of the big LHC experiments and the future accelerators
& machines needs a lot of research in order to understand and

choose the correct and expensive components.

Simulations are certainly valuable — However ...

HOW TO SIMULATE THIS?

THIS IS A BORING EVENT

(Simulation material by Z. Marshal) 57

The only way is to test these new components,
starting from their “development” phase many
years before

09/02/24
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Motivation for particle beams

. Detector development and R&D

The design of the big LHC experiments and the future accelerators
& machines needs a lot of research in order to understand and

choose the correct and expensive components.

Simulations are certainly valuable — However ...

HOW TO SIMULATE THIS?

THIS IS A BORING EVENT

(Simulation material by Z. Marshal) 57

» TEST BEAMS

Controlled and easily accessible
environment (and lots of space !)

Low intensities (10° — 108 pps) of high
guality beams

Many different particles and energies

Possibility of long-term housing of big
and complex installations

09/02/24
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The CERN secondary lines

The CERN accelerator complex
Complexe des accélérateurs du CERN

Tl _TH?
2t T AWAKE
HiRadMal
ER | e |
— T MEDICIS
/ E
ISOLDE
Hik
" FSE 5 {HF East Area
BT /—|—<_
S
) RIS
; ! CLEAR
[
P H ihydrogen anions) P oions ¥ RIBs (Radioactive bon Beams) F 0 dneulrons ¥ P lantiprodon P e ielectrons) P pdmions)
LHC - Large Hadron Collider & 5P% - Super Proton Syncheotron & PS - Proton Synchrotron & AD - Antiproton Decelerator & CLEAR - CERM Linear

Electron Accelerator for Research & AWAKE - Advanced WAKefleld Experiment ' 190LDE - Isotope Separator Online & REX/HIE-ISOLDE - Radicactive
EXperiment/High Intensity and Energy ISCLDE & MEDICIS 7 LEIR « Low Energy lon Ring & LINAC « LiNear ACcelerator £
n_TOF - Mewtrons Time CF Flight # HikadMat - High-Radiation to Materials /¥ Neutrino Platform

Essentially, the only place world-wide that such
a large variety of high energy secondary
particles & momenta can be produced,
transported and delivered to various
experiments.

SPS : protons/ions @ 400 GeV/c/Z
PS: protons /ions @ 24 GeV/clZ

X7
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Focus on North Area

¥ Plan Satellite

RN g

v

sl S N

Relief
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Commissioned in 1978 as the flagship CERN project

M2 was the first beam to be switched onin 1978

s

SPS NORTH EXPERIMENTAL AREA

General Layout

G. Brianti

Courtesy: N. Doble

1 INTRODUCTION First Beam Profiles

At its sixth meeting on June 2T, 1973, the SPSC approved the

basic features of the general layout as outlined in CERN/SPSC/T 73-3,
namely i
i) three targets in one common enclosure,

ii) the types of target stations for the varicus facilities,

iii} two experimental zones.

C\@ 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 11



North Area : EHN1 building

C\E/Ry 09/02/24 N. Charitonidis - Physics at the CERN secondary lines




Layout considerations

+ + earth/concrete
L ~5-6m
« Typically, the accelerators are located @ >
underground ;
« Radiation, lower cost (land owning), safety ... p X

range[m] = 2xp[GeVc/]
* Not very practical for experimental halls
though: ~ 800 m for P=400 GeV/c !

« Accompanying infrastructure, electrical installations,

cryogenics Schematic NA beam design

 Lower intensities — Lower radiation environment

~8m EARTH

« Background is important to be minimal !

* For this reason: NA designed with two
experimental halls & one underground cavern

Courtesy: |. Efthymiopoulos

« In all cases: Momentum selection necessary.

CE?W 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 13
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‘Production yield

Particle production

 The high energy, high intensity proton beam from PS or SPS is extracted on a target
material.

Primary p beam

Secondary particles

24 or 400 GeV/c —>
( /c) Target
—— } e -=p Attenuated proton beam
ent of hadronic shower —
—
Hadron beams Electron beams
E —_— :aooyr"n';
k o —— E \ —=— 100 mm
1 e o
>‘.E+ \
10 C
| | | | L _9
1 1 250 {GeW]U ..6 .\\
— % — K — antip S e
1 S N
s — o
e o
1 —— (Al
1 m E+04
\\\ ,‘ : == '7.
. i Courtesy: M. Calviani
- Momentum {M_ Momentum
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The North Area Target Stations

H2 I
1 1
v Hi _ North Area |
| H6 Z TestBeam |
Ny 14 HS = Facilities |
L- . ------------------I
pe
— P42 T}“ K12 B NAG?
T6 M2
[t |
z
SPS beam @ 400 o COMPASS

GeV/c

g CERN-ACC-NOTE-2021-0015
)

2021-07-01

LauGatignon@cern.ch

Detal | e d | nfo 'm at| on: THE NORTH EXPERIMENTAL AREA AT THE

CERN SUPER PROTON SYNCHROTRON

https://cds.cern.chirecordi277471  seiemmtimsintsss e el e
6/files/ICERN-ACC-NOTE-2021-
00 15' NA pdf D.Banerjee!, J.Bernhard®, M.Brugger', N.Charitonidis®, N.Doble??, L.Gatignon*",

AGerbershagen®

. CERN, BE/EA group, Switzerland

. CERN, EP Department, Switzerland

. Institut fir Physik, Johannes Gutenberg University, Mainz, Germany
. Physics Department, Lancaster University, UK

B woN ok
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The North Area Target Stations -- Wobbling

« “Wobbling” of the beam before and after the target allows for different production
angles in the different beamlines allowing for many different configurations serving

various experiments

F{HE) (Ge W)

200

100

PO

B2T

B3T
400 GeV

Target station T4

- RangeandCoup11ng :)ft-lnta
- of beams:H8 and Hé6 : :

r: sPs at 400.0 Gev/c

-100 11

4»180 GeVi.em r _______-—"__

_B(HE}=235mr, §(HE}=Q

Bl

&(HE}=Crmr, S(HE)=0rmr
|5§(H8}= * 3.5mr, 6(H6j=:t§.5mr

A(HE)=0, 6{HE)==+5.amr

PRI N S I N T S O
=400 =300 -200 =100 1}

100 200 300 400

FIHE) (Ge i)
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Momentum selection

The momentum selection is done in the vertical plane with specially designed collimators.

Collimator (C3) % ‘

~27mm/% in dp/p

View of the H8 and H6 beam lines in TT82 tunnel.

C\@ 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 17



p Particle with a
different momentum

V-Plane than the nominal
Yo,
M | ot ING T - \ « Spill duration approx. 5 seconds
) RN « Usually: 2 cycles / SPS supercycle
+yo for NA

8; = 40 mrad 02 = -40 mrad

~600m length

SPS-PAGEL Current user: SFTPRO1 04-08-15 15:24:31
H [5C 21 (43BP, 51.6 Last date: 6 d
‘ H-plane (1-sigma beam envelope) (438P, 51.6¢) ast update: & seconds age
T B — T [T
| I I B I
Acceptance “filter” for tertiary Cleaning colimator
Pb absorber (for e- collimator beam production Cleaning colimators
production) V-plane (1-sigma beam envelope)
rarget % Experiment
y , H2/H4
“SRREER. _ . _BERRER. L | H6 /H8
— e el COMPASS
—_— o e oo — . o __‘h—-m\‘_ B : g \
Comments (04-Aug-2015 14116'1.12)
0.0 E10 0.0 El1O
- V-Acceptance collimator Momentum selection Cleaning collimators Momentum selection
CE/RW second order
\ 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 18
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North Area EHN1 Beamline Characteristics

Target T2 Target T4

Beam Line H2 H4 H6 H8
Maximum Momentum 400 / 350 400 /330 -/ 205 400 / 350
[GeV/c]
Maximum Acceptance [uSr] 1.5 1.5 2 2.5
Maximum Ap/p [%] +2.0% +1.4% +1.5% +1.5%
Maximum Intensity / spill * 107/10° 107/106 107 ™/10° 107 ™/10°

(Hadrons / Electrons)

Available Particle Types Primary protons/ions™ OR pure electrons OR mixed hadrons (pions, protons,kaons)

* Imposed by Radio Protection, and not available to every zone
** |n some zones can be elevated up to 108 subject to certain restrictions
*** Not available in H6

C\E\/R_“D' 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 19



Experiments / test-beams in the SBA

F.B. Holzer

=T=T=F

Courtesy:

[
T

Courtesy: L. Gatignon

- . . . -

» Estimate similar levels of overbooking as in 2024 (not yet accounting for the reduction in the available number of
spills per week)

p beam period EHN1

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

NAG61 proton period 6 6 6 6 6 6 6 H2
NPO2 6 possibly possibly possibly H2
NPO4 6 possibly possibly possibly H4
NAG4e 10 10 9 9 9 8 8 8 8 8 8 8 H4
NAGde+ 2 2 2 3 3 3 3 3 3 3 H4
GIF++ 6 6 0 0 8 8 8 8 8 0 8 8 8 8 8 8 H4
NAG0+ p beam . @ : 3z Il : : : 33 : H8
SUM experiments H4 (without r ! ! ! f " " f
22 2 0 0 17 17 17 17 17 0 1 1 1 1 1 0
GIF+ and test beams) B ' L
SUMEHNL (withoutGIFs+and = ) © 5, 6 " o 19 20 2 20 20 0 14 4 14 14 14 0
ltest beams)
2023 and 2024 Multi-User Lines PS EA and SPS NA Beam Time Requests
Weeks requested as main user during proton beam period
60
Test Beams
W Experiments 2023 SPSC related | LHC experiments | other users (CERN | Requested Weeks Requested
50 user R&D and external) (main) available | including parasitic
PST9&T10 8 22 19 49 85% 58
G SPS H2, H4 28 28 13 69 | 157% 44 77 175%
SPS H6, H8 0 64 24 88 | 200% 44 128 291%
30
20 2024 SPSC related | LHC experiments | other users (CERN | Requested Weeks Requested
user R&D and external) (main) available | including parasitic
it PST9&T10 27 245 30 81.5| 132% 62
‘ | ||| “l””“ I I Il | SPS H2, H4 24 30 11 65 | 135% | 48 75 | 156%
5 I I I i I ! I I I SPS H8, H8 0 55 28 83 | 173% 48 155 | 323%
\9,\0; K %q?’ é&?’ \o)@ \o;b & qq”" @"’ o,o} qq"’ S 9& ,&0" $ WQQ"’ m@\’ @0 w,@% '@x w@"’ m&” w&%
CERN . .. . .
\/j 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 20




Just a few h

ighlights

of experiments ....

¥ Plan Satellite

QN oo
TR S

L2

v

Relief
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\
S
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¥ [m]

The NAG2 experiment

Courtesy: G. Ruggiero (NA62)

400 GeV/c protons on Be target

z CHOD
MUV1,2
i I
' (ricul IGO0\ 2
Target KTAG GTK :
0 ——ga==ali CHANTI : ]
SAC
1] {RICH
. o IRC Dump
.1 75 GeV/c positive LKF
secondary beam ' NA62 Combined Result (2016,2017 and 2018)
M 100 150 200 250 JHEP 06 (2021) 093 arXiv:2103.15389 [hep-ex]
Z[ml
g 12 Expected background
%10 —}— Observed data
® SPS Beam: W Secondary positive Beam: m Decay Region: 'g 8?016 2017} 51 s2 §
% 400 GeV/c protons * 75 GeV/c momentum, 1 % bite # 60 m long fiducial = SES = (0.839 % 0.053,s) x 10711, 8
; ; 6 NZ = 10.01 + 042yt + 1196, O
* 2.10'2 protons/spill #% 100 prad divergence (RMS) region | NO® _703+103 " S
2 1 s + r ackgroun “YY-0.82° ..
* 5s spill [3s eff]/ ~16 s # 60x30 mm? transverse size % ~ 5 MHz K* decay rate , ‘ ‘ §
: - % K (6%)/ (70%)/p(24%) % Vacuum ~ O(10%) ’i B} # E
4 : : % For 33x10" ppp on T10 mber N A R S
H Category
e - 750 MHz at GTK3
B(KT = ntvp) = (10.6739 (stat) £ 0.9 (syst)) x 1071
- e Detector and Performances: arXiv:1703.08501 ( R e S
Courtesy";«-l Cecucci 20 Candidates 3.4 o significance,  P(back.only) 3.4-10~%
) 09/02/24 N. Charitonidis - Physics at the CERN secondary lines 22



The K12 beamline

HORIZONTAL PLANE

Dol Ihgng

CEDAR-H

]

s

Reduction of material budget in the beamline: N, 3.9% X vs Hy 0.7% X,

: Expected 15% reduction rate at LO, Lower occupancy of detectors (to be quantified)
TAX1,2 i CEDAR

- = g 3 o = New optics
F & 8 & 3 6§88 8 E5 83 oSO SCR1 8E S

t i t t i t t t i i } o

0 10 20 30. 40 50. 60 T0. 80. Q0. 100. £ [m] !

g ; =8 _
VERTICAL PLANE SRS SN - w u W
W [mmi] ] el

40
20

.

| 27e
I

i

5
o

Isolation of motor controls within ATEX zone

Time resolution

0o

Photon yield

« 6fold
« 7fold
« 8fold

Pressure

scan at

1.7mm
i

36 37 38 39 1 a2z
Pressure [bar]

(Ny)~18-19

K — m separation w* ID < 107*

KTAG

o ~ 65 ps

SCR1
- ~— Az - & 0 o~
T & & g Ad 358 88 B2 58582 285 A2 5
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Courtesy: C. Lazzeroni

...And exciting proposals on the table for the future

of ECN3 with higher intensities

HIKE design: Phase 1

Focusing &
Sweeping Magnets
TAXes Cherenkov

iy | i | BN ||
'

K*: 1.2 10®3 protons on T10 per spill (4.8 sec)
By ¢ Calartmnar
Calorimeter

Large Angle Vetos RICH MS:«;:::?

Charged Anti-col

Smail Angte
Electromagnetic
orimeter

<
Timing _intermediste Ring

Fiducial Volume with STRAW Trackers  Detector Catorimeter
0510 50 100 150 200 250
Z[m]
NA62-like design will work @high intensity. Statistical power:

Improved timing is the crucial element
to be able to increase intensity 4 x NA62.

Detector keystones:

1) High-efficiency and high-precision tracking

2) High-precision time measurements

3) High-performance particle identification system
4) Comprehensive and hermetic veto systems

<7

=>» TCCB8/ECNS3 ideal location in all aspects

A
Two separate detector systems: "SND" and "HSDS" S

2 10%3 Kaon decays in decay volume
per year (7.2 108 POT / year)

Technological solutions exist for all detectors

@) BDF/SHiP in ECN3 proposal %

Examples of primary final states:

Muon shield K
Scattering and

Neutrino Detector (SND)
Decay volume

BDF/SHiP @ ECN3, Plenary ECFA meeting, CERN — 16-17 November 2023

). D 1P, T,

ALK

Spectrometer

Particle ID

R. Jacobsson 5/23

Courtesy: R. Jacobsson

SHARG SHADOWS step-by-step: The Detector

g
Saleve side K12 beam

Target station

Magnetized Iron Blocks

Jura side

To ECN3

14
ECN3 Dedicated Beam Delivery Scenario
LSs2 TT21 TT22 Tr23 12 H2
*\ >
No splitti H4 —
v > | =
H6 T
>
L
H8
> —
No interaction 2
with TCC2 Tccs Q
targets P42, P62 "2 S el Ll
TT25 T6 M2 :):Bpiriment %
> | T
Courtesy: M. Fraser LUl
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Just a few h

ighlights

of experiments ....

¥ Plan Satellite
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AMBER: Uncovering the mysteries of muon/hadron

structures and spectroscopy

&

* Successor of CoMySS
"

* with appropriate /
extensions and -
modernisations

* Collaboration of >200
physicists from 41
institutions, 14 countries

Courtesy: A. Cecucci

New TPC to be employed

and will offer

unprecedented precision
in the Proton Radius
Measurement program

Apparatus for Meson and Baryon Experimental Research

« at the CERN M2 beamline

Drell-Yan cross-section measurements
to study meson structure

—— COMPASS 2015 NH, data

5 - Comb. background
10 E /N Ihp (MC)
N S P (MC)
104 B -+ Open-charm (MC)

-~ Drell-Yan (MC)

counts / (0.04 GeV/c?)

103 ; N Total MC + Comb. background
10*
0} gt
[ Y - . . L
4 6 8 10
M, (GeV/c?)

+ The high-energy, high-intensity M2 hadron beams allow to measure

Drell-Yan pairs, cleanest in the range 4.3 to 8.5 GeV

In M2 line, up to 2x108 muons/spill @ 190 GeV/c

“The most intense polarized muon beam in the

world”

Hadrons of high intensity also available for D-Y

measurements.

CE?W
\
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%

The M2 beamline

HORIZONTAL PLANE : SCHEMATIC LAYOUT OF M2 BEAM I
M2 HADRON SECTION OPTICS
PROTON
EBEAM DUMP

EFDFDFDFDFDFDFD

Aﬂlllllllllllll

%
?‘? 78 S0mrad
Target
Té
|
|
VERTICAL PLANE : | :
: SPECTROMETER |
STAGE FOR 111 i
| MUON MOMENTUM
¥ MEASUREMENT 2 n g 2

M2 MUON OPTICS FOR NA58

84 (+A8S)

EFE 5M I I ||

+9 5mrad
FION FION DECAY CHANNEL (60 DEGREESFODO CHANNEL) MUON MOMENTUM SELECTION o = N N A
SELECTION| PLUS ROCUSSING ONTO ABSOREER "] ANDMEASUREMENT - e
CERN . - . .
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Just a few highlights

of experiments ....

¥ Plan Satellite

QN oo
TR S

L2

v

Relief
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NAG61: Understanding hadronization

NA61/SHINE experimental setup

Large acceptance spectrometer

« Strong interaction physics

* Focus: Understanding the properties of the ‘onset of
deconfinement’

« Direct measurement of open charm mesons

« Neutrino and cosmic ray physics

e Service measurements for JPARC,FNAL and other
laboratories

Courtesy: NA61

Xe+La at 150A GeV/c

* Nuclear fragmentation cross sections for intermediate
mass nuclei.

102

« Measurements using hadrons of very broad
energy range (30 — 120 GeV/c).

10

« With a unique TPC + spectrometer of large acceptance

q x p [GeVic]

X7
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NAG61 Low-Energy — A DOCT thesis from Univ.

Oxford & CERN

« NAG61in need of measurements in the
“Very-Low” momentum range of 1 — 10
GeV/c. The beamline serving NA6G1 is
optimized for momenta > 30 GeV/c.

« A new, short, high-acceptance beamline
was designed in front of NA61 that could
deliver particles in this very low energy
range.

* Led to the PhD thesis of C. Mussolini
(Univ. Oxford, 2023)

 Proposal under consideration by the
CERN committees.

Barracks on \

Jura side of NA \ \ ‘‘‘‘
\ s

’ NA61/SHINE
Target and TPC

Pair of magnets f‘ =
LE Target ‘\‘ / on rails '

Pair of magnets
on rails

= ‘\ )

C\E?W 09/02/24
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NAG4: Looking for dark matter

« Comprehensive search for new physics with
feebly interacting particles

107 107!
LA
105k ‘
1072

g = W 2 LEP
g i— 1071%F I NABE  poo
E £ o} i»r ) ALPs: PRL 125, 081801 (2020)
’g .": 12 [0 = S107 B ~ NuCal
% ?|' 10 W \ |
O 7y s "
; 10-14 dp=01 4 i
8 o-1sL_A-mediated LDM: PRL 123, 121801 (2019) 10-6 .
3 10 1072 107! | 1072 10! 1
&) m,,GeV m,,GeV

« 100 GeV/c pure e beam from H4 offers unique
conditions to measure missing energy
observables with the stricter limits in the world

« Part of their physics program in M2

and FIPs

Courtesy: A. Celentano (NA64)
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Test beams for LHC experiments (and not only)
Setup in 8—PP1 58

CMS-HGCAL beam test in H4 : 02/07-09/07 . . ,
Day3, Fri : Installation Mounting prototypes on the DESY table

-Support
| frame

o Test 2 silicon modules with the (almost) full HGCAL
electronic chain

| -Grounding

-HV &
readout
cables

-Gas
! -Safety

inspection
4 @ 4pm

CMS: Electrons 20-250 GeV/c @ H4 ATLAS: Hadrons / Electrons 20-180 GeV/c @ H8

iiiﬁ@ Setup MPGD: Hadrons 120 GeV/c @ H6
ALICE FoCal Installed at H
- - . a b Three-layer beam telescope and DUT Setup Installation
" = - p Ul aansory Setup successfully installed during 26/07 MD (DESY table, plastic scintillator for
e.g. new power boards for pixel NS % ot i ~ HV-MAPS developed for mu3e trigger, POKERINO, DAQ)

layers.

- pixel size 80 mum x 80 mum
- sensitive area ~ 20 mm x 20 mm

=
> FoCal-E
- two pixel layers

' ‘ - ) _ POKER: Hadrons/Electrons @ 20-180
ALICE: Electrons / Hadrons 20-250 GeV/c @ H2 LHCDb: Hadrons 180 GeV/c @ H8 GeVic @ H8
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(chk) Focus on the East Area

L 3 B
ixed Area % %%%ménm 1At
rimary Area) ¥
; .x,; e = =
B.352 , L—cr T S
DY = T11
g% = == SoEh NOKTH R
S e, il —_|= z
2 i T o N T10] i
2 S S ] - 1 e e TR S i SN, " b= E EAST HALL
j“ < \\‘\ “ \,@: 2 — G N b= i ki j . : ) ~7L:1?‘ I o et T9 157
vvvv N = == Y e =
PS ring e -;[[i
I= =

Target Area __ i

(Primary Area) : —_

2 g — T9-10
i i : | = CHARM/IRRAD
-— - - e .

= E‘X‘ = e T8b (Primary Area : 263 | T8c (Primary Are

Recently (2021) renovated and commissioned : Improved energy consumption (11GWh /y - 0.6 GWhly)
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East Area beamline
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Courtesy: D. Brethogx, M. Lazzaroni
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East Area Lines : T9/T10
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East Area Beamline Characteristics

Parameter T09 Target T10/T11 Target

Beam Line T09 T10 T11
Secondary beam Max Momentum (GeV/c) 15 11.5 3.5

Ap/p (%) +0.7 to £15.0 +0.7 to £15.0 +0.7 to £15.0
Maximum intensity/spill (hadrons/electrons) ~few x 106 ~few x 106 ~few x 106
Available particle types Pure electrons (T09) or mixed/pure hadrons or pure muons

..and a dedicated primary line — TO8, delivering the PS
protons of 24 GeV/c to various irradiation facilities

On the roof
shielding:

CSBF

7

CE?W
\
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East Area Experiments

« T11: CLOUD experiment

» Study of aerosol particles influence on climate
« Simulation of a CLOUD in a dedicated chamber

CLOUD advances in atmospheric aerosol 2011-23

Year (cites.) LETTER

nature 2011 ©12)

Role of sulphuric acid, ammonia and galactic cosmic
rays in atmospheric aerosol nucleation

- LETTER |
using the 3 GeV/c hadron beam from PS - il S ———
l l] | (: 2013 (658 particle nu:;le‘;ion in the :tr:losph‘:‘:ec
: Osidtion Proucs o Biogonic ® CLOUD publications total around
CLOUD1 6 run (2588p—3D8023) SClenCe 2014 (370) MMosphfﬁc Pal‘ticlfasm ‘ ‘ ' 75’ Includ"’]g'
: pis LETTER a2 » 6in Nature
, 7 DNAUIE 2016(@10) betembsinto iy » X 4in Science
: LETTER » 1in Nature Geosc.
RS N\ » ) X .
B - NAQITE 2016454) IEmestiy sy cpmkcompmicn § WAnRa
n e v e » 4inProc. Natl. Acad. Sci. USA
T % < Global atmospherc partice » 2in Nature Com.
= Peilo 8 8] 2016 (238)  formation from CERN
B¢ o i » 4in Science Adv.
,} NATULE 2020 (08)  bynikacdmdsmmonseomirmsion
D
&/ T~ , ® 4 . 2021 (66)  Role ofiodine oxoacids in atmospheric - 2023
. o — i PDH Science (66) aerosol nucleation Science (embargoed) Hesetsl
- ] i { :c: e Yee Jun Tham', Lubns Dads’, Mingyl Wang”, Henning Fiskerzeller’,
: fs ¥ NATULE 2022(18)  Fmmmemeisocms
!: 'y 8
O
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Summary

| hope that | have given a summary of the existing facilities in the CERN secondary
areas

There are exciting physics opportunities in these unique areas, and as well along
standing collaboration with JAl and Univ. Oxford.

Looking forward to see you at CERN !

 Contact sbha-operation@cern.ch
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NAG61 Low-Energy — A DOCT thesis from Univ.

Oxford & CERN

« NAG61in need of measurements in the
“Very-Low” momentum range of 1 — 10
GeV/c. The beamline serving NA6G1 is
optimized for momenta > 30 GeV/c.

« A new, short, high-acceptance beamline
was designed in front of NA61 that could
deliver particles in this very low energy
range.

* Led to the PhD thesis of C. Mussolini
(2023)

 Proposal under consideration by the
CERN committees.

Barracks on \

Jura side of NA \ \ ‘‘‘‘
\ s

’ NA61/SHINE
Target and TPC

Pair of magnets f‘ =
LE Target ‘\‘ / on rails '

Pair of magnets
on rails

= ‘\ )
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East Area testbeams

T9: IDEA DRC (Team Korea)

 Thank you very much for the | :
stable and high quality em e
and hadron beams.

* We are grateful to
Dipanwita, James, Alex, RP
measurement people, and
CCC for their kind and
essential help.

¢ Thanks to nice people and
the excellent beam facility,
we had a successful test
beam!!!

T10: ALICE MUON ID

Test beam program

@

ALICE

Different plastic scintillators (1m
length) were tested:

Fermilab (with WLS fiber)

-> REFERENCE OPTION FOR MID
-> LOW COST

M_Ellen (w/o WLS fiber)

Mexican scintillator (w and w/o WLS
fiber)
Bricron (w/o WLS fiber)

Other technologies were tested (also
considered for MID):
RPC

SR MwPC

C\@ 09/02/24
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NAG64 mu

The NA64u experiment

anomaly-free oy models with light Z": the simplest
and most prednctlve solution to (g- )p and LDM

Sy 2 s Downstream

Upstream

- acceptable DAQ rate
- coverage of the full Z' mass range
- m_< 100 MeV: low acceptance, high o
m,> 100 MeV: high acceptance, low o

[
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HiIRadMat
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HRMT64 FIREBALL-2 — Oxford Univ.

Courtesy of Charles Arrowsmith (and the FIREBALL collaboration)

2d DSIEE Fartiche-in-cell simulation
|Ma Shatls, © &1

x | Initial «1 Evolved x
« Motivation: Produce a laboratory analogue to e \-b;t
an electron-positron enriched astrophysical jet _ ':> /;f‘
Improve layout and ps

diagnostic equipment
g b _ P Introduce:
Larger beam size

* o,~1mm > 2/3mm

Luminescence
screens

- an additional target

Luminescence
screens

- a magnetic lens (permanent et e N
quadrupOIeS) (350 mm graphite, + \
10 mm Ta) | —
Beam parameters = = IR e
c — ¥ W will ¥s Beam
- 3ell PPP Beam - m=T dump

* 40,~1ns
* o0,~2-4 mm

Integrated fluence will not
exceed 1x10%* protons
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