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Multi Jet Event at 7 TeV

« Example of the Higgs Boson
 Searches for New Physics

-Dark Matter?
-Supersymmetry?
-Matter Substructure?
-Exotica?
» Next ideas for Colliders
* Neutrinos at the LHC!

e Qutlook



What is the world made of?
What holds the world together?
— Where did we come from

CERN is the largest research laboratory that provides the tools
for conducting these studies: Particle Accelerators
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Employees: ~2700 staff, 800 fellows g = SRR SSEEE
~ Associates: ~12600 users, 1800 others % g a4 oo, R 1
" Budget (2021) ~ 1200 MCHF _ !

Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway,
Poland, Portugal, Romania, Serbia, Slovak Republic, Slovenia, Spain, Sweden,
Switzerland and United Kingdom

Associate Members in the Pre-Stage to Membership: Cyprus

Associate Member States: Brazil, Croatia India, Latvia, Lithuania, Pakistan, Turkey,
Ukraine

Observers to Council: Japan, Russia, United States of America;
European Union, JINR and UNESCO



High Energy Physics E

First High Energy Physics High Energy Physics
Experiments: Experiments since mid 70’s:

Beam on fixed target! Colliding beams!
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~ Acelerador
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Gold Foil
Radivactive Source

Alpha Particles ; L . ——
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Zinc Sulfide Coated Screen i i
. energia +- energia
Rutherford experiment (1909) e ol fop, energia

Centre of mass energy squared s=2E;m, Centre of mass energy squared s=4E,E,

Detectors technigues have followed these developments



Accelerators are Powerful Microsc-

' They make high energy particle beams p Planckconstant
that allow us to see small things. ~ P momentum
wavelength ~ energy

)/

THE SMALLER THE THING YOU WANT TO OBSERVE,
THE BIGGER THE
INSTRUMENT

S
-~~~
—

seen by high energy
beam of particles
(better resolution)




*Two beams of protons collide and generate,
in a very tiny space, temperatures over a
billion times higher than those prevailing at
the center of the Sun.

*Produce particles that may have existed at

the beginning of the Universe, right after the



Particle Physics: The Stand
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Until 2011 no single fundamental scalar had
been observed yet! Do they exist in Nature?
Q Molecule

MatterCE

~ The Standard Model is however not expected to
be the final solution —>Search for BSM signals!
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~ The key questlon (pre- 2012)

» Where do the masses of Does the Higgs partlcle exist?

8 elementary particles come from‘7 a

'.We do not know the

- Massless particles move at the speed "mass of the Higgs Boson!!

- of light -> no atom formation!! |
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The Higgs Parti

Technique: Produce and detect Higgs Particles at Particle Colliders

The Higgs particle is the last missing particle in the Standard Model



This Search Requires......

1. Accelerators : powerful machines
l that accelerate particles to extremely
8 high energies and bring them into

I collision with other particles

=~ 2, Detectors : gigantic instruments
that record the resulting particles as
they “stream” out from the point of
collision.

3. Computing : to collect, store,

distribute and analyse the vast

amount of data produced by these
detectors

4. Collaborative Science on
Worldwide scale : thousands of

“sl\ scientists, engineers, technicians and
. W support staff to design, build and

~ operate these complex “machines”.




The Large Hadron Collider = a proton proton collider

7 1eV + 7 TeV
6.5 TeV + 6.5 TeV

1 TeV = 1 Tera electron volt
NN = 1012 electron volt
\ r\_(\\\“- M ) ) i‘»

The LHC is a Discovery Machine



The Large Hadron Collider and Experiments

27 km long, 100 m underground

.
A
LHC - B CERN
ot -== ATLAS

o Point 1

There are now 9 experiments at the LHC

ES540 - V10/09/97



LHC Operations 2010-Toda_

——— = e AT . &
g First Stable Beams at the record energy of 13.6 TeV — 5th July 2022

-

-2010 2012: Run-1 at 7/8 TeV CM energy
*Collected ~ 27 fb!

«2015-2018: Run-2 at 13 TeV CM Energy
Collected ~ 150 fb!

«2022-2025: Run-3 at 13.6 TeV Ongoing
*Expected ~ 350 fb1 by end of 2026

/J)//
CCCH

Integrated Luminosity = a measure of the # of collisions e.g. per year (unit: fb'l)




FASER
Experiments at the LHC
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Central Detectors at the LHC

ATLAS

Forward Calorimeters

Muon Detectors Electromagnetic Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector

ALICE
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Tracking system

CMS

central detector

wer

electromagnetic
calorimeter

hadronic

Muon system
Electromagnetic calorimeter

Hadronic calorimeter



Central Detectors Completed In 2010.
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Schematic of a LHC D

Physics requirements drive the design!

Analogy with a cylindrical onion:

Technologically advanced detectors comprising many layers, each
designed to perform a specific task.

Together these layers allow us to identify and precisely measure the
energies and directions of all the particles produced in collisions.

Such an experiment
has ~ 100 Million
read-out channels!!







The LHC

Millions of collisions per second

= 25 ns bunch crossing

25 ns entre les paguets




The Compact Muon Solenoid Experiment

Total weight 14000t C M S
. ECAL 76k scintillating

Overall diameter 15 m
PbWO, crystals

Overall length 28.7m MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?
~137k ch

Steel + quartz
Fibers 2~k ch

Pixel

Tracker Pixels & Tracker "
-+ Pixels (100x150 um? VAN

In total about ~100 000 000 electronic channels
Each channel checked 40 000 000 times per second (collision rate is 40 MHz)

An on-line trigger selects events and reduces the rate from 40MHz to ~300 Hz
Amount of data of one collisions ~1 000 000 Bytes (>10 PetaByte/Year)



CMS Experiment: A World CoI'

'The CMS Collaboration: >3200 scientists and engineers,

>800 students from 236 Institutions in 54 countries .
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Muon Detectors Electromagnetic Calorimeters
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Solenoid Forward Calorimeters

End Cap Toroid

; Inner Detector " ieldi
BN i Hadronic Calorimeters Shistping

Length =55m Width=32m Height=35m but spatial precision ~ 100 um




Other Experiments: I\/Iatter-Antimatte.

The properties and subtle differences of matter and anti-matter using mesons
containing the beauty quark, will be studied further in the LHCb experiment




ALICE: Heavy lon Physics at the L

(ACORDE }—— ~ _ “—

MCa

I:l!ll Drift ) ( Pixel ) IEEEET

ACORDE =5

~<4 Collaboration:
> 1000 Members

> 100 Institutes
> 30 countries

Detector:
Size: 16 x 26 meters
Weight: 10,000 tons




Primordial Plasma

Lead-lead collisions at the LHC to study the primordial plasma,
a state of matter in the early moments of the Universe

More than 10,000
particles per event
in the detector

A lead Ied collision simulated in the ALICE detector

Study the phase transition
of a state of quark gluon
plasma created at the time
of the early Universe to
the baryonic matter we
observe today




TOTEM Detector

TOTEM uses the same Interaction Point as CMS (IP5)
TOTEM has forward detectors and Near Beam Detectors

(Roman Pots 150m-220m away from the IP)

Inelastic telescopes: charged particle
& vertex reconstruction in inelastic events

T1:3.1<n<4.7
T2:5.3<n<6.5

IP5 - . . _ e, - e =

T2

Q2

Q6

Roman Pots: measure elastic & diffractive protons close to outgoing beam
Q1 Q2 Q3 Q5
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11
P

IP5

(RP147) P220

Physics Goals: Total cross section;

T1 CSC Detecto

Elastic cross section; Diffractive studies

Roman Pot &

s



LHCf Experiment ‘-
.

LHCTf uses the same Interaction Point as ATLAS (IP1)
LHCT has forward detectors at zero degrees seen from the IP (140 away from the IP)

LHCf: location and detector layout

Aatacior } INTERACTION POINT ) atector 1L

Tungsten ‘ Tungsten

Scintillator IP1 (ATLAS) ) Scintillator
Scintillating fibers Front Counter &_ Front Counte .\_Silicﬂl'l. ustrips

IP 1 (140m Kupferplatten
Schild

140 m > 140 m i
_____ : - T _I 6 cm

BCOMING HELUTRAL
PARTICLE BEAM

entfernt)

%ﬁx =
Arm#a Detector Armi#z Detector
20MMX20MM+40mMmXx40mm 25MMX25Mm+32mMmx32mm
4 X-Y SciFi tracking layers 4 X-Y Silicon strip tracking layers




15 years of LHC Operation

LHC switched on at 7 TeV end of
March 2010

->The highest energy in the lab!
« LHC @ 13 TeV from 2015 onwards
« Most important highlight so far: | ‘ -
: : ' March 30 2010
The discovery of a Higgs boson ..waiting..

« Many results on Standard Model ...since 4:00 am
process measurements, top-physics, b- | ——" |
physics, heavy ion physics, searches,
Higgs physics

« Waiting for the next discovery... A
-> Searching beyond the Standard 12:58 7 TeV collisions!!!
Model

* 10 years later: CERN in “safe mode”
due to COVID19... ® B ®

July 2022: Start of run-3 at 13.6TeV =

2020..2021




New Physics Hunters @ the LHC.

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
f |

The ATLAS experiment

The CMS experiment
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Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Dete 7 C M S
ECAL 76k scintillating

PbWO, crystals
A e = MUON ENDCAPS
n d a I SO L H C b a n d M O E DAL HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
nn Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)
7/ = - 3.8T Solenoid

Si Strips ~16 m2
~137k ch

Steel + quartz
Fibers 2~k ch

Pixel

Tracker Pixels & Tracker
« Pixels (100x150 um?)
ECAL ~1m?2~66M ch

ol HCAL -Si Strips (80-180 um)

LHCDb MoEDAL Muons 200 mE OB UON BARREL

Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers




2012: A Milestone In Parti

Observation of a Higgs Particle at the LHC, after about 40 years
of experimental searches to find it : it's mass is ~ 125 GeV
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The Higgs particle was the last missing particle in the Standard Model
and possibly our portal to physics Beyond the Standard Model
B 00 B



A Higgs Particle Candidate...

CMS Experment at B LHC, CERN I
St 2011028 08 3420 CET

Run 67678 Evernt 870558547
COM Energy 7 00TeV
H> 2254 candidate
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Brief Higgs Summ

CMS
L ¢
c [ H-yr + H—>ZZ~ 41 Combination — Run1
P [ Run1:5.1 16" (7 Tev) + 19.7 b (8 Tev) — = Stat. Only
N gl2016:359 1" (13 Tev) — 2016
[ — - Stat. Only
E un
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Higgs Mass
125.38 +£0.14 GeV

CcMS =14o fo! (13 TeV)
14— 2I2v+4| of‘f shell + 4I on-shell
—— 212v off-shell + 4l on-shell
12[~ —— 4l off-shell + 4l on-shell
10 Observed
Expected
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Higgs Width:
[, =3.2122 MeV

138 fb' (13 TeV)
QT e Sy
CMS Wz
m,=125.38 GeV -~
1071k
b
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{ Vector bosons
10_3 i + 3" generation fermions. ]
;_ 4 2™ generation fermions
g === SM Higgs boson
1.2[ 105 1
0.8F f 0.95| B
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Particle mass [GeV]

Couplings are
within ~10-15%
of the SM values

pseudo-experiments

We know already a lot on this Brand New Higgs Particle!!

CMS 5=7TeV,L=511b";E=8TeV,L=19.7 0"

- e

0.1 o .

[ —— CMS data i

0.08F ]

0.06]- ]

0.04F 11% :

Hi

0.02 i _

%20 -0 0 10 20 30
log(L(J* =0%)/LUJP =07))

SM-like behaviour for most properties, but continue to look for anomalies,
i.e. unexpected decay modes or couplings, multi-Higgs production...

Spin =
0+(+) preferred
over 0°,1,2



The Future: Studying the Hig
L_J 24| L_JII-J”E

*More LHC Data 2015-2026
% 4/
,._‘ (= :l! eLHC upgrade ! 2030-2040

eExperiment upgrades!!
6\ 4 *Other/new machines after
‘ 204077

<

— ' Higgs as a porta
Many questions are still unanswered:
*What explain a Higgs mass ~ 125 GeV?
*What explains the particle mass pattern?
eConnection with Dark Matter?
Where is the antimatter in the Universe?
®

The Standard Model cannot
be the complete story! ->Searches

® having discovered the Higgs?

® Higgs boson may connect the Standard
Model to other “sectors”

hidden
sector

SU(3)exSUQ2)xU(1)y

Higgs
sector

quarks
leptons




Next LHC PhysicsT

) Atoms
Searching for 4.6%

Supersymmetric ark

Particles Matter
23%

Dark
Energy
72%

Searching for
Dark Matter

~wommry A Conceptual Diagram |

EXTRA—DIKENSION Sea rch i n g fo r

’/Gljﬁtﬂi Extra Dimensions
- \%. gﬁ% % Searching for Exotic
N Beyond Standard
% . Model Phenomena

And many more topics...



Next Quest]

Dark Matter at the LHC?

re we Supersymmetric




Astronomers found

that most of the .
| matter in the Universe

must be invisible Dark }

Matter

Distance




SUSY force particles

o, D . Candidate particles for Dark Matter
B — Produce Dark Matter in the lab

» » - .4
% _Picture from Marusa Bradac



A High p+ Mono-jet event

This is a potential signal for Dark Matter at the LHC!
Measured event rate so far consistent with Standard Model Processes

No sign for Dark Matter or > ’

Event: 738941529

Supersymmetry production so far...



Black HOTES
| Hunters
_ atthe LHC...
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Rutherford experiment:

Evidence for the structure

of atoms !! (1911)

LHC experiment:

Evidence for the structure
of quarks? (2021)

Vo dofdy g,
I

-)

® - Data
\‘s?:-stu\r - ch prediction
Y =7 TeV (NLO)
L=22®" A,m, =7 TeV (NLO)
M;>30Tev =7 TeV (LO)

.\;m, =7 TeV (LO)

A =7 TeV (LO)
— Aygma =T TeV (LO)
=7TeV (LO)

!
= A

4 6 8 10z 14 16

xdllet
xdi]g-_ = EXDU}H—}'zD

No evidence so far! quarks are
still elementary particles (2021)

o electron
<10"%cm

proton
(neutron)

< 5x10'1° cm



The Physics Program at LHC-
4

Data taking started in 2010
Now we have more than 1300 reviewed

scientific papers per experiment!
Mostly measurements of the strong and
electroweak force at 7/8/13/13.6 TeV and Searches

-Are quarks the elementary particles? So far yes
-Do we see supersymmetric particles? Not yet
-Do we see extra space dimensions? Not Yet
-Do we see micro-black holes? No

I ->The Discovery of a Higgs-like particle!! ‘




MOEDAL: Monopole and Exotics Detector a4

A dedicated experiment for searches for exotica

LK
—)
J [

Monopoles are new particles which carry
“magnetic charge”. Could eg explain why
particles have “integer electric charge”

q m .
Direct Monopole

anti-Monopole
production

Remove the sheets after some
running time and inspect for ‘holes’




Particles with Milli-Char

CMS search for fractional charged particle arXiv:1210.2311
Q=1/3e > 140 GeV; Q=2/3e >310 GeV  (95% CL. dE/dx) |
|
A “new” idea -> Hunting for particles with '-'- 7 i
charges ~ 0.1-0.001e arXiv:1410.6816 e

Existing Counting Room

M7 g coummgRoom
|

Looking for milli-charged particles with a new experiment at the LHC

Andrew Haas, Christopher S. Hill, Eder lzaguirre, Itay Yavin
(Submitted on 24 Oct 2014)

We propose a new experiment at the Large Hadron Collider (LHC) that offers a powerful and model-independent probe _
for milli-charged particles. This experiment could be sensitive to charges in the range 1072¢ — 10~ e for masses in the T/J
range 0.1 — 100 GeV, which is the least constrained part of the parameter space for milli-charged particles. This is a new

window of opportunity for exploring physics beyond the Standard Model at the LHC.

Existing LHC Detector

milliQan 124.7 b1 (13.6 TeV) ... A hew experiment at the LHC

Earlier constraints

Qle

105;,,,,,-._.___._._.:?:_-_i:_il \/E: 14 Te\/ 1

e
------
as®
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10°1 4
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CArgoNeuT :
[PRL 124, 131801 (2020)] .
SENSEI
[PRL 133, 071801 (2024)]
CMS FCP 138 bt
[PRL 134, 131802 (2025)]
Run 2 milliQan demonstrator 37.5 fb=1
[PRD 102, 032002 (2020)]
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The MilliQan Experiment -

2
<E> X <g> lscint

Run 3 milliQan
detector

Access Tunnel

= milliGan Simple/relatively cheap
1=01 N 5 ~ experiment:
—_ Detector principle is
scintillatior bars +
photomultiplier readout




Neutrinos!
The most mysterious
particles that we know!!

Neutrino

EEEEEEEE
nnnnnnnnnnnnnnnnnnnnnnnn

In 1998 it was experimentally established neutrinos have a tiny but
non-zero mass. This requires new physics beyond the Standard Model




New: Neutrino Experiments

e Two new experiments took data in 2022 480m away from the ATLAS-IP
e Goal: Detection of forward produced neutrinos and search for long lived
Beyond the Standard Model particles (dark photons, light DM...)

Charged
particles 8

......................................
B OEE BN BN BN BN BN B B . . ——— - - - Em )i - O EE E o o
- - . E e W = W .,".‘..‘;. 2 L B N ]

Residual - T LHC Residual
é . 100 m rock TN magnets magnets hadrons 100 m rock §°
C r L ' : A
5 480 m 480 m v
3 ATLAS s

pp collisions




New: Neutrino Experiments

_ High energy neutrino interaction

'L

! " A T o o}
250 300 350 400 &b 500 560

HADRONIC

CALORIMETER AND
MUON SYSTEM

Physics program

- TeV neutrino cross sections

- Neutrino Flavor Universality

- Heavy Flavor production in pp
- CC/NC process ratios

= VERTEX DETECTOR AND
ELECTROMAGNETIC
r CALORIMETER

Electromagnetic calorimeter
~40 Xo

Hadronic calorimeter
~10 A

Observed v, candidates: 8 (expected 5)
Preliminary estimate of background yield: 0.2

Prospects (by 2026)

Vu+, Vet Vy
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Next Steps at the _

The Large Ladron Collider is presently scheduled to operate till 2041.

In 2030 starts the High Luminosity (HL-LHC) operation.

It should collect 10 times more integrated luminosity (number of collisions)
than what has been collected so far

::.9 LHC HL-LHC
2500
%" Run 1 Run 2 Run 3 Run 4 Run 5
g I x:: g::a 165 fb! (13 TeV) 197&;3:; Tev) I
E 2000
5 — ™ o™ <
-~ wv wv v v
— ' | | =
@ 50
)
]
o
3 1000 /
£
TOAOy /
500
Higas l/
Dscovetf
olg
%’o *’0<3 "b,v 2, %’e "cba %Vb '?%,v B, %‘5’0 Bp. G Y "’od,& ""0,.0
e e e e Y N e e e % N s B W Y
2010 2020 2025 2030 2040

Detectors like CMS and ATLAS will be upgraded in 2027-2029 to deal with
the 5x higher peak luminosity at the HL-LHC

Major topics: searches for anomalies, new Higgs studies, precision
measurements e.g. on top quarks



We Expect Answers from the LHC, l.

Will LHC answer all questions?: Likely not

Some/all New Particles out of mass range?
Need for higher energies at colliders?

Higher precision measurements needed
Need for higher luminosity or ete-?

Measuring details of the Higgs?
Need for a Higgs factory?

l 2019: European Particle Physics Strategy -> study the Higgs with best

possible precision!! Several future projects are being studied
-



A Future Collider @ CERN?

_ O 100.km long ring for e+e- “and Iater pp
: The pp coI|5|ons would be close to 1( ,Iga
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Future Circular Collider Study

Goal: CDR for European Strategy Update 2018/19

International collaboration to Study
Colliders fitting in a new ~100 km
infrastructure, fitting in the Genevois

 Ultimate goal: 216 T magnets
2100 TeV pp-collider (FCC-hh)

- defining infrastructure requirements

Two possible first steps:
Schematic of an

« e*e collider (FCC-ee) 80 - 100 km

High Lumi, E,, =90-400 GeV s long tunnel

1

* HE-LHC 16T = 27 TeV "o

in LEP/LHC tunnel ®s

Ya §uggested

Possible addition: ~‘ in 2010
« p-e (FCC-he) option Similar machine proposed in China!



Summer 2012 the CMS and ATLAS experiment found a new particle,
with a mass of 125-126 GeV, which looked like the long sought
fundamental scalar boson, postulated In 1964.

This Is a brand new fundamental partrcle never seen beforeI

This Higgs boson'is very Irght WhICh suggest new physrcs Beyond
the Standard Model:will be needed. Supersymmetry? Other?-
Can we produce Dark Matter at the LHC’> We are Iookrng for.it!!

',Other |mportant study areas e. g high energy neutnnos

The Higgs drscovery has Iaunched a new. program for new. studles
Hrggs factorres higher energy pp coIIrders high intensity beams

‘ Detectors play a crucial role in our capabllmes toe
and search for new phenomena beyond the-Standa

We Iook forward 10 the future high mtensnty run oft

~+ ....maybe one day soon






~ ___  Barrel Calorimeters

CMS
Li-Trigger https://cds.cern.ch/record/2283187

https://cds.cern.ch/record/2714892 : wﬁ P' ,;‘E%:;Ys::lgza:ﬂ: It¥;f:70:: a(t) ‘é‘;v
* Tracks in L1-Trigger at 40 MHz P & K Ed

« Particle Flow selection ¢ ECAL and HCAL new Back-End boards

* 750 kHz L1 output
* 40 MHz data scouting

Calorimeter Endcap (HGCal)
https://cds.cern.ch/record/2293646
1+ 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

Absorber (~1 endcap)

The Phase3 Upgrnde o he
CMS Endcap Calorimeter
Technica Desgn Report

Beam Radiation Instr. and Luminosity
http://cds.cern.ch/record/2

* Beam abort & timing

* Beam-induced background

* Bunch-by-bunch lumi: 1% offline, 2% online

* Neutron and mixed-field radiation monitors

DAQ & High-Level Trigger
https://cds.cern.ch/record/2
* Full optical readout

* Heterogenous architecture
* 60 TB/s event network
* 7.5 kHz HLT output

Towards the HL-LHC

0
]
3
o
=
3
3
E
™

— Muon systems
| https://cds.cern.ch/record/228318
* DT & CSC new FE/BE readout
* RPC back-end electronics
*New GEM/RPC1.6 <1< 2.4
* Extended coverage ton =3

MIP Timing Detector
https://cds.cern.ch/record/266716
Precision timing with:
~ *Barrel layer: Crystals + SiPMs

* Endcap layer: Low Gain

Avalanche Diodes

https://cds.cern.chjrecord/2272264

#l * Si-Strip and Pixels increased granularity
* Design for tracking in L1T
* Extended coverage ton =~ 3.8

EPS-HEP2025 Roberto Salerno




ATLAS

EXPERIMENT

The Phase Il upgrade program

1% luminosity accuracy ATL-UPGRADE-PUB-2025-001/
New and upgraded forward
and luminosity detectors Improve trigger performance/rate:

more physics despite more PU - LO trigger at 1 MHz, EF 10kHz
Trigger & DAQ upgrades

Improve muon trigger coverage,
electronics and performance
New muon
chambers &
electronics

30ps time resolution per track
Improve PU rejection in forward region
New High

Granularity

Timing Detector

(HGTD)

Full granularity data accessible at L1
trigger, increased rate capability
Calorimeter
electronics

upgrade

New all silicon Inner Tracker (ITk)
Improve tracking performance: increased coverage,
reduced occupancy, better track p; resolution

ATLAS

EXPERIMENT




Possible Future e+e- Proj

The International Linear Collider o ILC ILC Japan?
-Superconducting cavities

-250 GeV CM Energy maximum
-Extendable to 500 GeV
~ 30 km long

CEPC (China)? FCC (CERN)
-365 GeV CM Energy maximum
~ 90-100 km long circle

3 U oWITZERAND
; iy

2nd stage: 70-120 TeV pp collisions ? Will depend on dipole strenght...



Intensity Frontier: The SHIP E-

SHiP: Search for Hidden Particles Beamdump experiment @ CERN 400 GeV SPS

N Proposed: 2014
entilation wa P .
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Searches for
-Light dark matter,

= -Heavy neutral leptons
Scattering and

. -Dark scalars,
Neutrino Detector Decay volume e . - ]
+ Surround Spectrometer | e, || -AXIOn-|Ike pal‘tlcles

Background Tagger Particle ID -Milicha rged pa rticles

" Heavy neutral leptons Dark Scalars
Excluded
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' Based on 6x102° Protons on target
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