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Current physics landscape in HEP
Shortfalls of the Standard Model

Where to search for New Physis



Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

i force carriers
FERMIONS in 12 32 502, .. Jr— BOSONS <pin-0, 1,2,

ture within

electron
neutrino
electron |0.000511 Nucleus Electron Color Charge
3 14 Size < 10-'8m Each quark carries one of three types of
muon Size = 107" m “strong charge,” also called “color charge.”
neutrino These charges have nothing to do with the
e colors of visible light. There are eight possible
mu 5 strange types of color charge for gluons. Just as electri-
Neut on cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
tau and E ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
T neutrino interactions and hence no color charge.
Proton
tau size ~ 10-15m Quarks Confined in Mesons and Baryons
P One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Size = 1079m hadrons. This confinement (binding) results from multiple exchanges of gluons among the
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
quantum unit of angular momentum, where 1 = h/2r = 6.58x1072% GeV s = 1.05x10734 J 5, E If the protons and neutrons in this picture were 10 cm across, gy in the color-force field between them increases. This energy eventually is converted into addi-
then the quarks and electrons would be less than 0.1 mm in i tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into

size and the entire atom would be about 10 km across. 3 g
= hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in

Electric charges are given in units of the proton’s charge. In SI units the electric charge of A
nature: mesons gq and baryons ggq.

the proton is 1.60x10~'% coulombs.
The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec- Residual Strong Interaction
tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember The strong binding of color-neutral protons and neutrons to form nuclei is due to residual

E = mc?), where 1 GeV = 109 eV = 1.60x10-'° joule. The mass of the proton is 0.938 GeV/c? strong interactions between their color-charged constituents. It is similar to the residual elec-
=1.67x10"27 kg. trical interaction that binds electrically neutral atoms to form molecules. It can also be

P Ro P E RTI E S o F TH E I NTE RACTI o N S viewed as the exchange of mesons between the hadrons.

Mass — Energy Flavor Electric C| Color Charge See Repua z‘;(;“
Electrically charged Quarks, Gluons Hadrons
Graviton

not yet observed) | Gluons Mesons

10-41 A 25 Not applicable
10-41 60 to quarks

Not applicable
to hadrons
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070 +
PpPp—> VAV assorted hadrons The Particle Adventure

Matter and Antimatter 3 /e, o Visit the award-winning web feature The Particle Adventure at

For every particle type there is a corresponding antiparticle type, denot- ) 7 0 http://ParticleAdventure.org

ed by a bar over the particle symbol (unless + or - charge is shown). hadron® /

Particle and antiparticle have identical mass and spin but opposite - This chart has been made possible by the generous support of:
charges. Some electrically neutral bosons (e.g., Z, v, and n, = cc, but not 2 S quarks & hadrons U.S. Department of Energy

K© = d5) are their own antiparticles. A~ nighions U.S. National Science Foundation
3 \ Lawrence Berkeley National Laboratory
hadrons Stanford Linear Accelerator Center
American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

protons colliding at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
An electron and positron i rious hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
A neutron decays to a proton, an electron, (antielectron) colliding at high energy can ¢ bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) annihilate ce B0 and B° mesons a e yield vital clues to the materials, hands-on classroom activities, and workshops, see:

W boson. This is neutron 3 decay. via a virtual Z or a virtual photon. C e of matter.
. http://CPEPweb.org

Figures

These diagrams are an artist’s conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.




The Shortfalls of The Standard Model

The Standard Model has served us well for 50 years
11 EIl OUwOI EUUUI Ol OUUwWDPOEDPEEUI UwbUuU
Six categories of problems have arisen

I Type 1: Disagreement between theory and experiment

I Type 2: Inelegant or ad-hoc rules

Strong CP

neutrino masses problem

Why is the Higgs

Dark Sectors ight?

Baryogenesis

Flavor
problem

Dark matter



Lnomalies of the Standard Model - |

Baryon asymmetry of the universe (BAU)

Necessary ingredients are:
« Baryon number violation [ Sakarov - ]

* Thermal non-equilibrium conditions
« C and CP violation

All of these ingredients were present
in the early Universe!

* Do we understand the cause of CP
violation in particle interactions?

« (Can we calculate the BAU from
first principles?

Dark Sectors

1975 Nobel Peace Prize

Baryogenesis




Lnomalies of the Standard Model - |

Baryon asymmetry of the universe (BAU)
Ne//

All
in

CP.Violation in SM not
sufficient to explain BAU

Baryon Number Violation still
not observed

Dark Sectors

1975 Nobel Peace Prize




Anomalies of the Standard Model - Il

Hubble Constant (describing the expansion of the universe)

Latest measurements diverge from Standard Cosmology Model

Expansion of the universe is accelerating
A (OEPEEUI UwOEUT I wEOOUMY bftotalienefyff EUO wi O UT a~» wp
A Cosmologists have included a repulsive dark energy in their model of cosmic evolution

Galactic rotation curves and clusters
A (OEPEEUI UwOEUT I wEOOUOUUWOI w?EEUOWOEUUI U2
A Presence of dark matter inferred via gravitational effects only

Composition . | Heavy
of the : 3 elements:
Cosmos i

0.03%

neutrinos:
0.3%

| Stars:
I 0.5%

Free hydrogen
and helium:
4%

Dark

matter:
~25%

Dark

energy:
~70%

Dark Sectors

Dark matter




Anomalies of the Standard Model - Il

Hubble Constant (describing the expansion of the universe)

Latest measurements diverge from Standard Cosmology Model

Exfaf/ Neither Dark Matter or Dark \m p

A

Galac

Dark Sectors

Energy exists in the Standard
Model

Ul U-?

None with the required
properties have been observed
with direct measur




/-\;i)malies of the Standard Model - Il

Super-Kamiokande and SNO demonstrated that neutrino mass , 0as they
oscillate

Neutrino mystigue

1. Neutrinos are 3. As a neutrino travels from its source, the waves
elementary particles of representing the mass states interfere, building up and
matter called leptons. canceling each other to varying degrees. Because of
They come in three these wave interactions, a neutrino that starts as an
“flavors,” each associated electron neutrino, for example, can have a four-ninths
with a heavier lepton probability of showing up as a different flavor
partner. somewhere down the line,
Vi Neutrino Measurement
tau . source point
neutrino Time ; :
V] T
electron  muon tau H ]
Wave i
interference

2. A neutrino flavor doesn't
have any one mass, but
instead exists as a combina-
tion of three mass states
(electron neutrino shown).

Vi
V2 =Ve Probability of finding Probability of finding
each neutrino flavor each neutrino flavor at

atsource measurement point

v o
1‘b301 'p:O‘li 51'93 2".4- 2 T NEUTRINO NOBEL Arthur McDonald {left) and Takaaki Kajita shared the Nobel Prize in physics for the discovery that neutrinos oscillate between different types,
which demonstrates that the particles have mass.
T. DUBE

2015 Nobel Prize

neutrino masses



Type-1 anomaly

omalies of the Standard Model - Il

Super-Kamiokande and SNO demonstrated that neutrino mass , O as they
oscillate

Neutrino

Why is the Higgs

Dark Sectors (s




Type-2 anomaly

heoretical Problems of the SM - |

The strong CP problem
Why does QCD seem to preserve CRsymmetry?

CP-symmetry could be violated in strong interactions. However, no such violation
has ever been observed in any experiment involving only the strong interaction.
It could be a fine-tuning problem (but very unnatural) or a hint of New Physics

There are several solutions being proposed
The existence of a PecceQuinn axion is the most famous

Strong CP
problem

—

Dark Sectors



Type-2 anomaly [

Theoretical Problems of the SM - |

The strong CP problem

* Dark matter Flavor
problem




WSFheoretical Problems of the SM - I

SThe hierarchy problem

<It is the huge difference in the strength of fundamental forces or the wide range in mass for the
elementary particles.

< Why is there such a wide spectrum of masses among the building blocks of matter? Imagine having
a Lego set containing bricks as disparate in size as that!

SThe hierarchy problem is also related to the Higgs boson mass.

<Corrections to the Higgs mass are proportional to the mass of the contributing quark

<The top quark being the heaviest patrticle, it adds such a large correction to the theoreticaHiggs boson
mass that theorists wonder how the measurediggs boson mass can be as small as it was found.

. <

§ The naturalness problem (hint: it is a consequence of the hierarchy
problem)

UJT 1 wWEOUOOOOT PEEOWEOOUUEOQU W OI Ul OQwuil 11 UUl |
EOOXxEUI EwUOwPT EOUwaoOuUzEwC

(D

Why is the Higgs

Dark Sectors lght?



Pheoretical Problems of the SM - I

It is the huge difference in the strength of fundamental forces or the wide range in mass for the
elementary particles.

Why is th i ek ] aving
alego

Corre

oo NO€Xplenation has been .
found within the Standard

Model for the hierarchy and

the naturalness problems

&

Uul |

Dark Sectors (s




|
Theoretical Problems of the SM - llI

S Number of parameters
SThe Standard Model depends on 19 numerical parameters
STheir value is know from the experiments, but their origin is unknown

SAny attempt to find a relationship among different parameters has failed

S Quantum triviality

sSuggests that it might not be possible to create a quantum field theory involving
elementary scalar Higgs particles

S No full theory of gravitation as described in the general relativity

< Simply adding a graviton to the SM does not reproduce the experimental
observations

< SM is widely considered incompatible with the current general relativity




Theoretical Problems of the SM - I

e

Tl

P

NoO

a nokero s e e e

fundamental theory

N

t

Model Iis only a "low energy"”
Seecapproximation toa‘more

4

SK
observelicns

SM is widely considered incompatible with the current general relativity



Outstanding Anomalies in HER

Muonic puzzle ——
sopl wrN wl A -

Latest measurement at Fermilab R L

w0 e 20 20 20
a,-11 658 000 (10°7%)

S Proton radius
Energy levels in muonic hydrogen are different than standard hydrogen

—e—i
CODATA
(2014)
M Pohl (2010)

Hessels (2019) |
——

PRad (2019)

083 084 085 086 087 088 089
Proton charge radius (fm)

Lepton Flavor Non -Universality in charged currents

R(D*) = (1.25 =+ U.U?) > R(D*)SI\.{:

(B — D™7ry)
R(D) = (1.32:|:0.16) > R(D)SI\.{[,

R(D™) =

(B — D&y’




Outstanding Anomalies in HER!

X17in the e*eéNemission spectra of isoscalar magnetic transitions of 8Be and“He

[

ot |
5 1000 Invariant mass for the ¢' - ¢ pairs
§ Ey=|8.|5 MeV, M1 transition in *Be

W mass from CDF vs SM prediction

My |opp = 80,433.5 4 640 + 6.9, = 80,433.5 + 9.4 MeV

CKM Matrix
Vaal> + [Vas [ + [V [* = 0.9969 + 0.0024.




Current Status of HEP

SM ingredients are insufficient to explain the nature. Most likely we ne
. newforces (with adequate CP violation)
. hewparticles

Massof possible New Physics spans 40 order of magnitude

WeE OOz Uwl EYI WEWEOUI wOl wbl EUZ UwWE |

Parametespace for New Physics at High Energy is running out (from
LHC results)

Scientistsare hard pressed to design new experiments for understandi
Pi EUz Uwl OPOT woOo

Weare in a rare (and exciting time) when discoveries will set the stage
the next 3650 years



The Quest for Dark Matter

m, - 10Y° GeV “100M®

=100 TeV
Too much

Light Dark Matter

Courtesy O. Moreno




The Quest for Dark Matter

mpl = 1019 GeV ~100M®

\—r—l

WIMP’s

10

10

10 8|

]

LHC, 1072
SuperCDMS

etc.

e P

10793, 5y,

\ """‘-
y 2 Shaas \ \ -t
- 2NOL AR . NS
+4 \ : :
10 e > h -

Se QQ.JM';!;\‘ »\,‘\‘:\k}'\"f s

Neutrinos

107 2 < T 9
Neutrinos E 5 o =3
10 46 3] o X - T 10

T

10737 ?L

104% 1 ___ g,
— oG O
%5- i - A\ﬂ\o“—"p I() -13

WIMP-nucleon cross section [pb]

WIMP-nucleon cross section [cm

d\ylﬁos

Almost no space left
for New Physics

1 10 100 1000
WIMP Mass [GeV/c?] Courtesy O. Moreno




The Quest for Dark Matter

m, -107GeV  _jgoM®

Non-thermal Non-thermal

Light Dark Matter

Need new mediator!
Gx > Gp

SM DM
GX — 9x 9x

3
mx

Sub-GeV thermal DM requires stronger than Gtermi interactions!

( D

Newest theoretical models prefer gauge bosons inG&X/mass range as

? omany of the more severe astrophysical and cosmological constraints
that apply to lighter stateare weakened or eliminated, whilethose from

high energy colliders are often inapplicable? wo! 6 w! EUI OOwO w,

Ritz ¢ 2009)

New mediator is expected to couple to SM stronger than G

Courtesy O. Moreno




Connection between
Standard and Dark Matter

I )
LW,
W \

Hook (2015), arXiv:1411.3325

Portal Particles Operator(s) -:I "
“Vector™ | Dark photons 5o B F o -
~ costw 3 ALP-strahlung
, a ¥ Vo, 5
“Axion Pseudoscalars | £ F),, F*, Ji.—:(],-“,,(?'g’ X —j{u—‘t-ﬁ, KBy

“Higgs” Dark scalars (uS + A\SYHH'H
“Neutrino” [Sterile neutrinos ynLHN A / 6

New Physics talk to Standard Model
particles through four portals




Experimental Signatures

Invisible,
non-SM

Dark Matter production

Producing stable particles
that could be (all or part
of) Dark Matter

SM X

' mediator
>h,v, VAVAVAYAY <

SM X

Visible,
SM

Production of portal-
mediators that decay to
SM particles

Systematically exploring
the portal coupling to
SM particles

SM SM

mediator
SM /' o~

visible

.

Mixed
visible-invisible

Production of “rich”
dark sectors

Testing the structure
of the dark sector

X X
§E‘ mediator, - o SM
P ~
SM Y SM

J

Stefania Gori, Mike Williams

[ High intensity meson factories ]




Current Experimental Searches

Direct searches }
'\

Proton beam dump

Electron beam dump
>

A y

Fixed target electron scattering

@d target p/p experime@ y

Colliders } [




I Part |l

REDTOP
Rare EU E ¥ $DEdays w
TO Explore New Physics

Searching for Light Cold DM with
h/zhuUE Ul wOl UOOw



Rationale for an h /s/w%E E.»

102 1o

~100 TeV,

"""._'_';'_ il

CDM bound Pl = . .
BEN bound };m* wm%-_ Violate unitarity
A ——
kev Mev qoroe Lo e, bl
Eound by Mo stly Disfavorite by Reguires new
cosmological unconstrained LHC/Direct ;l it
obs ervations detection SR

“Light dark matter must be neutral under SM charvges, otherwise it wounld have been
discovered at previous colliders” [G. Kmjaic RF6 Meeting, 8/2020]
* The only known particles with all-zero quantum numbers: Q =I=]=5=B=L = 0 are the
/" mesons and the Higgs boson (also the vacuum!) ->very rare in nature
* The nymesonis a Goldstone boson (the 11 meson is notl)
* The /11" decays are the only mesons with flavor-conserving reactions

* 20%-40% of is NOT made of quarks

Experimnental advantages:
E Hadronic production cross section is quite large (~ 0.1 barn) — easy to produce

. Strong & EM decays are forbidden in lowest order by discrete symmetry invariance. BR
of processes from New Physics are enhanced compared to SM.

Ah/zhwi EEUOUaAwPUwi gUPYEOI OUwUO

an excellent laboratory to probe New Physics below 1 GeV



Main Physics Goals of REDTOP &

Assuming a yield ~10** A4 mesonsand ~102A0 me s on s

Test of CP invariance via Dalitz plot mirror asymmetry: hY p°p*p
Search for asymmetries in thedalitz plot with very high statistics

Test of CP invariance via mpolarization studies: hY p°mfm, hY g mm,

hY mm,
Measure the angular asymmetry between spin and momentum

+SallJdWWAS
8])2JISIp JO uone|oIA

Lepton Flavor Universality studies: hY mimX, hY e‘e’X
Need excellent particle ID

QCD axion and ALP searches:hY p p, with a¥Y g gaY ntm, hY e‘e
Dual (or triple!) calorimeters and vertexing

Dark scalar searches:hY p°H, with AY mim, HY e'e
Dual (or triple!) calorimeters and patrticle ID

$8010} pue spjoly
MaU JO sayolesg

Dark photon searches: hY g4 , with A Y mim, hY e‘e
Need excellent vertexing and particle 1D

28



Detecting BSM Physics with REDTOP ( h/hz wl E L

Assuming a yield ~10* A mesons and ~102%A0

REDTO

me s ons

C, T, CP-violation
CP Violation viaDalitz plot mirror asymmetry: ¥ oo
CP Violation (Typet Pand Todd ,Ceveny.- >° ¥ p8 g
CP Violation (Type ICand Todd , P even):¥ % andhY 3 g
Test of CP invariance via longitudinal polarization:2 Y mint
CP inv. viag *polarization studies1Y ptptetet & hAY pptmnt
CP invariance in angular correlation studigsy mint e'et
CP invariance in angular correlation studigsy mintppt
CP invariance irvn polar. in studies:h P m
T invar. via mtransverse polarizatiom?Y pPmnt andhY gmnt

CPT violation:mpolarin AY prmnvshY pmn - gpolarin ¥ gg

Other discrete symmetry violations
Lepton Flavor Violationsr Y et + c.c.
Radiative Lepton Flavor Violatio Y g( & + c.c.

Double lepton Flavor Violatiorfr Y mmet et + c.c.

New particles and forces searches

Scalar meson searches (charged chamm&l);° </ with HY e'e and
HY mm

Dark photon searche:Y gA% with AAY I
Protophobic fifth force searchesY gX,,with X;;Y
QCD axion searches7Y p @,,with a,;Y €€

New leptophobic baryonic force searche¥ : gB with BY e'e or BY
gr°

Indirect searches for dark photons new gauge bosons and leptdgua
Y mmand N ee

Search for true muoniunk Y g( ‘mt )| ,y Y geet
Lepton Universality

hB peH with HY nN, ALY h&,N Y &

Non-A /zAuE EUIT Ew! 2, w/
Neutral pion decay* Y ¢AzY g
+/ zU0wUI EVET 1T UwbOw prea§aE® O i(Rux U
Kahlhoefer)

Charged pion and kaon decagsY mn 7XAu *me'd and K+Y
mn 7Au “mee

Dark photon and ALP searches in Dr&¥lain processes:
Az WEIH!

qgbarY

Other Precision Physics measurements

Proton radius anomaly? Y g *mhvs hY ge'e
All unseen leptonic decay moderof & w2 , wx BILEWD E U U

| a IL}'@PH %r&:ision studies on medium energy physics

Nuclear models

O Fehird bhhukb&QicH theld w

Non-perturbative QCD
Isospin breaking due to theduquark mass difference

Octetsinglet mixing angle

Electromagnetic transition forefactors (important input for €2)

29
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Detecting BSM Physics with REDTOP ( h/hz wil E y

Assuming a yield ~10* A mesons and ~102%A0

REDTOR

me s ons

C, T, CP-violation
CP Violation viaDalitz plot mirror asymmetry: ¥ oo

New particles and forces searches

Scalar meson searches (charged chamm¥l)p° /4 with HY e'e and
HY mm

CP Violation (T —Y—5-6-¢

CP Violatioy(Type IFCand T odd , P even):¥ %l andhY 3 g
Test of C
CP inv. vi

CP invari

D AT ool o = .9
matu T oOuu, O TVl ~

invariance viez longitudinal polarization:#Y rmimt
ag “*polarization studies1Y p'pteet & hY pptmnt
ance in angular correlation studigsy mint e'et

CP invari

xperime

and hY gmm*

CP invari

ance in angular correlation studigsy mnt ptpt
ance is

T invar. vla mtransverse pola atlorh Y [

CPT violati

Dark photon searche:Y gA% with AAY I
Protophobic fifth force searchesY gX,,with X;;Y 7

avor Violations1 Y met + c.c.
Lepton Flavor Violatiorz Y g( & +

Lepton Fl

e 'SMF

Double lepton Flavor Violatiorf? Y mmet et + c.c.

QCD axion searches7zY p @,,with a;;Y €€

New leptophobic baryonic force searche¥ : gB with BY e'g or BY

Indlrect searches for dark photons new gauge bgsons and leptggua
ntatong, with

Ppri gnf W

Lepton Universality

veto allfour
Other Precision PhySICS measurements

)QELRLS v o s v e

All unseen leptonic decay moderof & w2 , wx BILED E U U

Non-A /zhuEEUIT Ew! 2, w/

ion decayP Y AzY e
+/ zQwUl EVUET 1 UwbOw pzea§E® O i(Rux U
Kahlhoefer)

Neutral p

a IL}'@PH %r&:ision studies on medium energy physics

Nuclear models

O Fehird bhhulb&QicH theld w

Non-perturbative QCD

Charged pion and kaon decagsY mn z7Au ‘me’€ andK+Y
mn 7Au “mee

Dark photon and ALP searches in Dr&¥lain processes: qgbarY

Az WEIH!

Isospin breaking due to theduquark mass difference

Octetsinglet mixing angle

Electromagnetic transition forefactors (important input for €2)
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New particles

: B REDTQ
LM \/ector Portal: #6 g4owi t hY 111A6r o we

& ot au=-20mm - ® chau=-20mm
= ctau=40mm u ctau=40mm T
& ctau=100mm & ctau=100mm
. ‘ ctuu-150mm ¢ anuc1Somm|| au- Prompt B decay
— 29T
o A" = ete zot
1078 II:II 10 AJ - - ::: B _:F T
i MM 25t oo
i zaT
23+
| 3+
21T
zoT
LeT
1073 e
L&+
1.5+
1.4+
13T
12T ’/\_——
L1+
LoT
10710 oY +J,F
om
0T
(-
0 %0 100 1% 200 @S0 300 3N0 400 4%0 %00 50 300 E-1 400 450 00 o5 —

— . —t -
I00 I 0 IS0 IW0 400 430 440 460 480 SO0

& +8- [Pvarant mass  [Mel] MU+~ [rwvariant mass  Mel] : .
Di+pi- [rvariant mass  [Mel/]

Theoretical Models consideré¢

\J

C  Minimal dark photon model
A Most popular model
C  Leptophobic B boson Model

C  Protophobic Fifth Force

A’ Mass (GeV) : A’ Mass (GeV)

A Explains the Atomki anomaly

FIG. 36. Sensitivity to to 2 for the processes 77 — vA’ for integrated beam flux of 3.3 x 10'® POT.
Left plot: bump-hunt analysis. Right plot: detached-vertex analysis).
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New particles § Scalar Portal searches: 75 p°h REDTORA

& forcs

with hY mtm, "mp e e

Some BR sensitivity curves

# ctau=20mm # ctau=20mm 7
10 —20m
» ctau-d0mm 7 ® ctau-domm : ::au ﬂumm
& ctau=100mm 1 & ctau=-1oomm au=dtmm
- . a0t 4 chau=100mm
au=1"%0mm ot =1 50mm v ctau=l ™
a8t =130
vel +
2w h = amw
h— ptu—
. aet+
1w0®

28T
26T
24T
22T
20T
LaT

— | 1’______—_‘—_*:.-_-?:_““ _ vat

- __1 | pb—————— A —— |
T | |y
\T azl

300 310 320 30 0 IS0 IO 370 380 390 400
pi+pi Invariant mass  Mel/]

s e 150 0 @0 w0 30 a0 20 o w0 3w 0 o w0
e+e- invariant mass  [Mel/] mu+mu- Invariant mass - Mel]

Sensitivity for Two -Higgs doublet model
Sensitivity curve for Hadrophilic Mediator model Process ms Analysis || (e — Ag)?

sensitivity

n—7m'S; 8§ —ete” |17 MeV| bump hunt ||2.0 x 10-13
=78 ; § = ptp~ |17 MeV |detached vertex||3.2 x 1013

TABLE XXV. Sensitivity to (A, — Ag)? for the process n — 7°S and § — ete™ and § — ptp~.

Theoretical models considered

C Hadrophilic Scalar Mediator (B. Batell, A. Freitas, A.
Ismail, D. McKeen)

Sensitivity to g, for the process
n—=a'hand h = nFn~

C Spontaneous Flavor Violation (D.EganaUgrinovic, S.
Homiller, P. Meade)

C Two-Higgs doublet model (W. Abdallah, R. Gandhi,
and S. Roy)

o T e e % o e e o
oi+pi- Invariant mass  [Me\/] C Minimal scalar model (C.P. Burgess, M. Pospelov, T.

+ \alrhaie)
1 vVeiuriais)
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New particles %

EEET

osEEHEEEEERE BB P e BB Rk

& forces

P

0.0

® ctau=20mm
= ctau=40mm
+ ctau=100mm
+ ctau=150mm

=

n — 7m7% with a — eTe™

e+e- Invariant mass [Me\W]

. " " . ' " N N M L M
20 40 &0 a0 100 120 140 160 180 200 220 240

- Pseudoscalar Portal: /5 pPrra & B prp a revig
with a ¥ _gg_nfm and e'e e

"

n — wta"a with a — v

. : : 4 N N . 4 s :
20 40 60 80 100 120 140 160 180 200 220 240
gamma-gamma Invariant mass  [MeW]

Theoretical models considered

S Piophobic QCD axion model (D. S.

M. Alves)
Below KLOE sensitivity

the CELSIUS/WASA Collaboratior
observed 24 evts with SM
expectation of 10

< Heavy Axion Effective Theories
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N s Heavy Neutral Lepton Portal: € 41 ufH ;  rege

& forces

HY 2-2;:N2Y Niho hoV eteN

Model considered for Snowmass

(3 Two-Higgs doublet model (W. Abdallah, R. Gandhi, and S. Roy) with the following benchmark
parameters:

MmN, MN, | TN yé‘(' ”)xl()d‘ yé’('mxlﬂ"
85 MeV {130 MeV |10 GeV| 0.23(1.6) |2.29(15.9)
Mg my sind y:;;(H)Xl(]B A?\;I(ZH)XIO‘S‘
17MeV|250MeV| 0.1 [1.25(12.4) |74.6(—7.5)

TABLE XXVIII. Benchmark parameters for REDTODP.

REDTOP sensitivity to model parameters

BR(n-1t"H H- VN, N, Ny i et e)

2.x10712 4.x107"2 6.x10712 8.x107"2 1.x107"

(Au_Ad)z

FIG. 61. Branching ratio for the process n — n°H ; H — vNa ; N2 — N1k’ ; b’ — e*e™ predicted by
the Two Higgs Doublet model [51] as a function of (A, — A4)?. The dashed line corresponds to the
experimental limit for REDTOP with an integrated luminosity of 3.3x10'® POT.




Test of discrete
CP Violation from Dalitz plot mirror -
'l
asymmetry in A - o
C  CP-violation from this process not bounded by EDM as is the case fordhel dprocess.

C Complementary to EDM searches even in the case of T and P od@bservables, since
the flavor structure of the eta is different from the nucleus

C  Current PDG limits consistent with no asymmetry

C  New model in GenieHad (collaboration with S. Gardner & J. Shi ) based on
https://arxiv.org/abs/1903.11617

REDTOP sensitivity to model parameters

#Rec. Events Re(a) | Im(e) | Re(f) | Im(8)
10° (no-bkg) 33107137 % 107 {44 x 1074 5.6 x 107

Ful stat. (no-bkg) 1.9 x 107221 x 107225 x 10|32 x 10
Full stat. (100%-bkg)|2.3 x 1072[3.0 x 1072|135 x 107° |45 x 107

1082060402 0 02 040608 1 [ Physics analysis by A. Kupsc 8 Uni-Uppsala ]

bkgd subtracted events, figure from KLOE-2, JHEP 2016 X

University of

Slide Credit: Susan Gardner & Jun Shi % Kentucky.
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https://arxiv.org/abs/1903.11617

>
CP Violation from the asymmetry of the decay ™
planes in h - >mere and h - >pehe

C  See: DadNeng Gao, /heph/0202002 and P.
Sanche#uertas, JHEP 01, 031 (2019)

C Requires the measurement of angle between
pions and leptons decay planes

~

( )\ (
CP violation is related to asymmetries in CP violation is related to asymmetries in
h - >mere h - pPpee
A ~ N(singcos¢p > 0) — N(singcos¢p < 0)
sinbeosd = N(sing¢cos¢ > 0) + N (sin ¢pcos¢p < 0)
T(at - _ N{gin
. NGing0) - Neng <0) A, — N(sin¢gcos¢ > 0) — N(singcos ¢ < 0)
' N(sin¢ > 0) + N(sin ¢ < 0) ' N(sin¢gcos¢ > 0) + N(singcos o < 0)
through Wilson coefficients
A poose = Im[1L9F52 — 1.3(ci1 2 + ¢} 122)] % 107% = 0.2¢1 + 0.0003€2
\ J Y,
(- >mee | [ n- ppee |
| s ﬁ 103 sensitivity to and
. //, - Acostsint Asinf
0.005 Py 0.005 P
0,000 L 0,000 |". i
oo o G:WZ?EEE‘CDT.::':’Dh:’ti:ls-fp:-.f::.ﬂm:’li‘)-:!f pom oo oo e o-n'lG.:‘ﬂE‘?B‘:lez S':I;;c'lf a‘s‘_:."'l:s"!’.@t"‘:‘o” e 4‘.‘“ 0000 0,067 0.004 0.6 0.0 G010 0012 011 0016 01K 0.00 0021 S04 006 008 0O D0T2 0.0M 0006 RO 0040

Generated asymmetr)

C. Gatto- INFN & NIU wv



CP-violation from

e CP Violation in i - ¢ g°)mpn -{

From model: P. Masjuan and P. Sanclieertas, JHEP 08, 108 (2016), 1512.09292 & JHEP 01, 03
(2019), 1810.13228.

C Requires the measurement ofrm polarization to form the following asymmetries

FIG. 11. Kinematics of the process. The decaying muons’ momenta in the 7 rest frame are noted
as p,+, while the e momenta, pls, is shown in the corresponding pt reference frame along with
the momenta of the v system. The 2 axis is chosen along p,+.

introduced two different muon’s polarization asymmetries,

N(cos# > 0) — N(cosf <0

ay = Newb2 O - NCSOO) _ poypy 12 27602 + 4] < 1072, (47)
N(sin® > 0) — N(sin® < 0

A, = (sin )N (sin ) _ Im[25¢2222 — 1.6(c§1ﬁ211 N X107, (48)

REDTOP sensitivity to Wilson CP violating Wilson coeffiecients

Trigger| Trigger| Trigger| Reconstruction Branching ratio
LO L1 L2 + analysis sensitivity

66.3% | 16.3% | 51.9% 69.6% 3.9% 2.7 % 1072+ 3.0 10710
21.7% | 1.7% | 22.2% | 8.6 x 1073% ||7.0 x 10~%% -

A(22) =01 x 107", A(2) =01, A(E22)=6.6x 1072,




LF-universality

Lepton Universality Studies =

LHCD latest results using B*Y mmK* vs e*et K*:3.1s discrepancy vs SM

REDTORP statistical error for ~10 1 POT hY g Iﬂ m Vs g e+ e n—yptu~

Process POT  |[Signal events|Background events Statistical err LHCb @ 4.2%
N\ ~.with 1640 evts
n—yete 138 x 10" Y13 x 10° 2.52 x 10 '
n = yutp\L38 x 101 J84 x 10° 6.5 x 10° Jj
TABLE XLII. Statistical’error from the fit of n = « lepton — antilepton and Urqmd LHCb @ 1.8% j

: ; B oM 18 . .
background using a gaussian and a Sth-order polynomial, for 1.38 x10*® POT with 3850 evts

[/7\"( mm ‘Tm ee

mm e eet er]

C Theoretical calculations at the3frecision from Kampf, Novotny, SancHeaertas (PR D 97, 056010 (2018))

REDTOP reconstruction efficiency

n — ete ete”

|n — e+e_p,+p:_‘

Process Trigger| Trigger| Trigger| Reconstruction | Analysis Total fie
Lo | L1 | L2 al " e —
N eeete |96.1% | 80.7% | 15.5% 63.3% 61.2% 45% =i o -
= efempTpm | 804% | 57.0% | 204% 16.6% 52.8% 0.8% ' e
=t [ 45.1% | 31.9% | 25.5% 61.3% 40.5% 0.9% i 1{4 A I -
Urqmd 20.7% | L7% | 222% 0.9 - 8.2 x 1074% [17.6%-30.7%|0.7 = 6.7 x 107"%| | ‘1.' il 1 ;
[ 4 f 1 3
REDTOP statistical error for various POT r,,' 1 | e
Process POT |Signal events||Statistical error :’-" ', J/ Y ‘
n— ete—etef 4.4 x 10T \53,934/ 0.5% /,2‘\{,- — ‘\-,_ ‘ -\“-‘,
n—ete ptf [1.6x 107 '18,841\ 0.8% U gt ’\"q-m ._1.’»‘;;;‘ — %
n— ptp TN 2.2 x 1018 /10,548 \. 1.0% -If.! - - i M“"“““‘ ::?'{""‘z-' "




Present & Future /7 Samples
I S A

CB@AGS

CB@MAMI C&B
BESII

KLOE-II

WASA@COSY

CB@MAMI 10 wk
(proposed 2014)

Phenix

Hades

GlueX@JLAB
(running)

JEF@JLAB
( approved)

REDTOP
(proposing)

ppY hn % 10
ng hp 1.8100
e'eYJlyY hg hatrons 62 10
eteY FY h g 6.5 10F
ppY A pp
pdY h3He
v, 3 \/
gpY hp 310
d AuY h X
ppY hpp
p AuY A X

Near future samples

Gocel Y C XY neutrals

FrceP Y CUY neutrals

pl.8 Ge\J-i Y CXu

REDTOR
-t

5000 28107 +63107
1.1310" +2.5%107
~10°

>1@ (untagged)
33107 (tagged)

1.310° P18

5310°

4.31C

5.5 107/yr

3.9 10°F/day

3.8 10%yr



REDT

P Running Modes for 104 A mesons.

Baseline option 8 medium-energy CW proton beam ‘I\’/TH'—ZHCb@“O
proton beam on thin Li/Be target : ~1.8GeV - 30 W (101 POT/sec)
Low-cost, readily available (BNL, ESS, FNAL, GSI, HIAF)
h - inelastic background = 1:200

O O O O

Untagged/? production

Preferred option d low -energy pion beam

C p"onLi/Beor ponLH: ~750MeV - 2.5x10° pOT/sec

C More expensive but lower background (ESS, FNAL(?), FAIR, HIAF, ORNL)

C h:inelastic background= 1:506 sensi ti vity to S e~
| c Semkitagged /2 production ( X /Zhwxoblgl-éZUEQD@O
- MHz

_

Ultimate option: Tagged 10134 mesons
high intensity proton beam on De target. ~0.9 GeV ; 0.411 MW
Less readily available: (ESS, FAIR, CSNS, ORNL, PIP-I11)
Required fwd tagging detector for Hez**

O 0O 0O 0

Fully tagged production from nuclear reaction: p+De b /7 +Hes™

40



REDTOP Running Modes for 101 4 mesons. =

Only ~1% of the proton or pion beam
interacts with REDTOP

Remaining beam can be used for a
downstream pion and/or muon precision
experiment

vs LHCb@40

n rate: ~

UE OB C

.. ~13-130 GHz

Lh/zthUOEUEleéﬁ\aH}JE'

41



FNAL option REDTQOR~

Accelerator scheme for Runl at FNAL (M. Syphersy™

Single p pulse from booste#410'? p) injected in the DR (former debuncher in aptproduction at
Tevatron) at fixed energy (8 GeV)

Energy is removed by inserting 1 or 2 RF cavities identical to the one already planned (~5 secor
Slow extraction to REDTOP over ~40 seconds.

The 2700f betatron phase advance between the Mu2e Electrostatic Septum and REDTOP
Lambertson is ideal for AP50 extraction to the inside of the ring.

~ Mu2e AP30/20 Electrostatic Septum

Beam Direction

REDTOP




Beam Options at GSI/FAIR (near future)-*

FAR E=x

OPTION B
ixt target (S1S100)

Opportunities as fixt target exp.

* p-bar target area
« 2e12 p/spill (time structure

flexible) at SIS100

« HEST towards pion target
« 1e11 p/spill (time structure

flexible) at SIS18

« Actual timeline beyond 2028

* High intensity needs
exclusive proton operation

B existing facility

B rplanned facility

W experiments

FAIR GmbH | GS| GmbH

Daniel Severin

Beam intensity: 1.8 GeV protons with 1ell/s




REDTQ
Beam Options at GSI (far future) ™

Opportunities as in-ring target exp. F-\IR I= 5= Il

OPTION D
ESR (SIS100

OPTION C
ESR (SIS18)

—
=

« ESR y « HESRorCR

« 1e6 pfinjection (1-2 MHz it el Sy o « Intensity fully flexible
revolution rate) ey /)« Full beam usage

* Full beam usage

e * Actual timeline beyond 2030
« Standard ESR exp. area N
needs to be dismounted

» Major disruption for the
already approved program

[ existing facility

[l planned facility

B oxperiments

FAIR GmbH | GSI GmbH

Beam intensity: 1.8 GeV protons with 1e11/s Daniel Severin




HIAF option ——
Beam Options at HIAF (near future) -™

Terminal 4

HEFRS P External Target Terminal
Setup for Spect w/—-"./“-—' .
of Hypernuclides JB
/ Terminal 3 i 15
Nuclear matter phase . erx:xs : [ j SRing Et 2]
ragment Separator
structure / g gme F =
Single Event Effect Vo N d:;_._,
Terminal s \‘-\ - Terminal 5
/ \ Terminal 6 Spectrometer Ring for High-
'// ' High Energy Density Terminal Precision Experiments
/ Y Dielectron Recombination
I \ . :
l BRing \ | Spectrometer
t Y
\ 'x
fiBeam extracted from the Booster Ring |
(BRing) to the Multi-function terminal ans /
be used for REDTOP. i 7.
RE 5
_ _ N S - SECR
fThe transfer beam line construction !L[.mac Kb
already included in the HIAF project. = :ﬂ

The maximum magnetic rigidity is 34 -
Tm which means a proton beam up to Low Energy Nuclear Structur Spectrometer
9.3 GeV can be provided end 2025 Intensive lon Beams Irradiation

Beam intensity: 0.5 ~1.0x10° ppp (1~5*1x102 pps) in Terminal 2 . 10%19) POT /yr
Energy from 2.0 to 9 GeV around 2028 2030
Plans are to combine REDTOP with an experiment on hypernuclei



Beam Options at ESS

Option #1: Tagged h-factory

¢ Fully tagged production from nuclear reaction: p+De b A +Hes™

C h production cross sec:~ mparn; bkg cross sec: ~100mbarn -> 5 orders of magnitude!
¢ Requiresfwd tagging detector for Hes**
C high intensity proton beam on De target. ~0.8-0.9 GeV ; 0.11 MW

&

Inel . interaction rate: ~13- 130 GHz
h/zhwx UOEUEO@ODMIHAE Ul o w

background _
h signal

Signal/background separation

[@ achievable with a properly designed m

fwd tagger and trigger




Beam Options at ESS -

Option #2: Semi-tagged A-factory
Cc Semttagged production from reactions:
¢ p +Li/Be b h+X (large x-seq  1on-tagged
c pr+db h+p+pb 2tagged
C p +pbh+n né&utron-tagged

C p+He;bh+t B tritium tagged

C A production xsec ~ 1 @hbarn; bkg crosssec: ~100mbarn -> 1 order of magnitude!

¢ Requires pion beam ~750 MeV with >2.5x101° pOT/sec '
¢ Medium intensity proton beam on Ti or W target: ~1.3 GeV ; ~15K\\/
. . . ) . Inelastic interaction rate: ~0.1GHz
Pion beams with modified Longhin Magnetic h/zhwx UOE U E OBIMMmUE O o6 v
With input fro Ao Liu \ Hom

FPhD thesis

[T | _ _ _
Longhin magnetic Horns are expensive.

= With ESS beam power, LAMPF -style horns
e could be used

- | — (seePatrik Simion thesis. Uni-Uppsala, 2019)
FODO section ' A

“ \ )

s0lenoic

) 4-sections
Jd parabolic hom

78% collection efficiency of n ~7% probability of hitting a
in 700-800 MeY rangeand 2.5x2.5 cm? spot 9 meter
g<20° downstream the horn



Detector Requirements:
BSM physics driven

LFU: Tagged lepton production from flavor -conserving decays
excellent e/ p/ mseparation

QCD axion
Calorimetric sensitivity to M( g )g30MeV

17 MeV €€ state (Atomki experiment)
Tracker sensitivity to M(e “e’)~ 20 MeV

Electron ID at very low energy

CP violation with muons

Muon polarimeter or high -granularity calorimeter

Sustain a 700 MHz event rate

New generation trigger

4

Mounting Evidence for the
Violation of Lepton Flavor
Universality
https://arxiv.org/pdf/2111.12739.p
df (A.Crivellin M. Hoferichte)

« 100

H
= 90

]

80

70 B
60 F
50

40

20

10

3 F

REDTOE-

3H(p,eﬂ:’)"Hc

En= 900 keV

||||||||

+

IJl(.l 11 12 13 14 15 16 17 18 19

Invariant mass (M e\-"l"l:l}



v v > D> D>y B

EM Calorimetric s(E)/E ~ 23%/ EEu

High PID efficiency: 98/99% (e.g, 95% (7, 95% (@), 99.5%(p,n)
stracker(t) . BOpsec‘scalorimeter (t) 5 80pseC$TOF(t) o 50psec

Low -mass vertex detector

pe ~ .s -

charged tracks detection
LGAD Tracker

4D track reconstruction for multihadron
rejection

Material budget < 0.1% r.l./layer

EM + Had calorimeter
ADRIANO2/3 calorimete(T1041+T1609

Rear section with Febsorber an®d-doped
RPC

PFA +Dual-readout+HG
96.3% coverage

Vertex reconstruction

HV-MAPS (Mu3e style)
Low material budget (0.11% r. I. /layer)

~40nm vertex resolution in 3D

Cerenkov Threshold TOF
Option 1: Quartz tiles

Established and lowost technology
~50psec timing with T1604 prototype
Option 2: EIC -style LGAD

~3040 psec timing, but expensive

49

REDTOR~

Detector Requirements and Technology-*

Sustain 0.7 GHz event rate with avg final state multiplicity of 8 particles

Ou



Detector Requirements and Technology—-’”}

v v > D> D>y B

Sustain 0.7 GHz event rate with avg final state multiplicity of 8 particles
Calorimetric s(E)/E ~ 2-3%/ EEu

}ﬂgb/
.
All next generation detector
technologies
\

~AQrmm Vertex resoiuton i 3u

/
/
/

T

~50psec timing with T1604 prototype
Option 2: EIC -style LGAD

~3040 psec timing, but expensive

1604)

50

Ou



-

\_

Central Tracker
~ Imx15m

Thin LGAD

98% coverage

REDTOP detector

o

7

e
7

)

¥
T

7
7

%//

T

RN

=
N
N
@ CTOF
~ 1Imx15m
Quartz tiles

&

98% coverage

______ ML

\Vertex detector

for rejection of g-conversion
and vertexing

ADRIANO2/3
Calorimeter (tiles + Gd-
doped RPC)

Scint. + heavy glass sandwich
35 Xy, 2.9 1 (~ 64 cm deep)
Triple -readout +PFA

96% coverage j

L \Y

mpolarizer

Active version (from
TREK exp.) - optional

.33 mm thin
ASpaced 10 cm




I REDTOR-
i " . '

| REDTOP Detector

-+ Finuda Magnet

J. Kilmer 0J. Rauch




Event Display @ 1.8 GeV .=

B3 Gatto- INFN & NIU



Target Systems -

« »

Target for p and p" beams 10x Target for p beams : LH2 ( pellets
0.78 mm Li or Be foill or fluid)

i For p and p* beams I For p- beams only

i Inexpensive, but more background I More expensive, but less background

i Untagged/semi-tagged h / Hproduction i Taggedh / tproduction: p- pY h / hn



Vertex Detector

MuPix10 (Mu3e vtx technology)

=

REDTOE-

<0.5% X0

Requirements

<=70mm vertex resolution in .
No active cooling
Radhard ~5x10 1 MeV-neq n/cm2/sec
Timing: ~10 nsec

Requirements MuPixT MuPIxs MuPix10
pixel size [JJI]J:] S = =0 103 = S0 1 x B S B
sensor size [mm®] 20 % 23 38 x4.1 10.7 = 19.5 20,66 » 23.18
active area .r|||||2J 20 = 20 s TR T 103 = 10 20,458 = 20000
active area [mm®| 400 10.6 166 110
sensor thinned to thickness [pm] a0 50, 63, 75 63, 100 50, 100
LVDS links 3+ 1 1 3+1 3+1
maximum bandwidth? [Ghit/s] 3x 16 1 x 1.6 Ix 16 3= 1.6
timestamp clock [MHz| = 5l 62.5 125 625
RMS of spatial resolution :]nrll s = 4l < ) s 11
power consumption .r||"|."|.'_.-"r'|nj. < 350 = 300t 250 — 300 == 200
time resolution per pixel [ns| < 20 = 14 = 134 (6%) not meas.t
efficiency at 20 Hz/pix noise |% = 949 9949 9494 0.5
noise rate at 99 % elliciency _”?:_."'[:ixj = 20 = 1 =] < ]




REDTOE-

LGAD Tracker y

EExUEUDOOWOI uMte 2% 2-(5T1$ 3 +

L 2zwS$ 3+ 0 wlWAd k Gl ¢

i1$#3. / wyYUuw"
area

I use pixel upgrade for the
mechanics

i 5-layer barrel
i 4-layer endcaps
I SID layout

Requirements
<1% XO
30 psec timing resolution.
No active cooling
Radhard ~1x10 1 MeV-neq n/cm2/sec

= Demonstrated time resolution ~30 ps up to 1x10** n.,/cm?, and about 40 psec

AAAAA

CMS-designed 96-channel sensors

T

FBK wafer with CMS- and ATLAS- sensors




hreshold Cerenkov- TOF =

Requirements

99% efficiency
Radhard <1x101 MeV-neq n/cm2/sec

Timing resolution: <50 psec

scintillator tile

Option 1: Small tiles of JGS1 & on-tile SiPM silicon

i Different options: #layers and tile size photomultiplier

i 2DOPOEUWUI ET 66001 Pl U w", 2zuw! !
tile detector (scint. plastics)

i Well established TOFHIR2 Asic (LIP)

module

Option 2: LGAD
i 1$#3./ wYUw", 2ZU0w$3+0wk vt wEUI
i Extra cost justified by position measurement, but

loose energy measurement

endrings




CALORIMETERS -

Requirements
Se/E~2t UYES$
~80 psec/cell timing resolution for MIPs.

No active cooling
Radhard ~5x16 1 MeV-neq n/cm2/sec

—
AY
Y =
- .
-
Tl —
| a—
- .
e
——
T — 4
¥ '
W =2l
s
1

EM: dual-readout ADRIANO2 HAD : triple -readout ADRIANO3
i Inner section: Pb-glass and scint. Tiles interleaved i Outer section: Pb-glass + scint. + thin RPC + Fe
I 10 layerst 6.6 X0/ 0.551 I 25layerst 22 X0/2.71
i 120,00 tilepairs i Longer | | for better hadron shower containement
i 2EOI wxOEUUPEwWUDOI UwEUwW" , 2% w398,00 tilepairs
i FEE from Weeroc+Omega (costing being discussed) T Heatsink: pyrolitic foil

or TOFPET2



REDTOP Trigger Requirement -
Untagged 13+4hA /6h me s on s

Hits from subdetectors

digiADRIANOSCi digiADRIANOCcer digiRICH

Total channel
occupancy:
270+ 50 /evt

digiLGAD digiF TRACKER

* t + + + =t 0 * t } 5 0-*
20 40 60 80 100 120 140 160 50 100 150 200 250 200 300 400 500

18x
LHCb Trigger rejection factors
gger | Input event rate | Event size | Input data rate | Event rejection
sta Hz bytes bytes/s
—— —=
Level 0 7.x10° )} 1.4x10°| 9.8 x 10" ~4.6
(
Level 1| I5x10% [15x10°| 2.3 x 10" ~60
Level 2|  25x10° |1.5x10° | 3.8 x 10° ~A.5 3 e
Storage| 0.56 x 10° | 1.6x10* | 0.9 x 10°




Cost estimate ", ™
Three funding scenarios considered 2023 QIJ'

Largest cost uncertainties

ADRIANO2 2 B/ ,(2x10Pt 4x10P)
LGAD mechanics

No labor considered (usually, 1/3 of the total)

Baseline option / Goloption \ Expensive option
(White paper)

Target+beam pipe 0.5 0.1 0.9
Vix detector 0.93 2.1 25.4
LGAD tracker 18.5 22.5 19.6
CTOF 0.6 0.75 3.0
ADRIANOZ2 47.7 22.5 47.7
Solenoid 0.2 0.3 0.2
Supporting structure 1.3 1.3 1.3
Trigger 1.3 2.4 5
DAQ 1.1 1.1 5
Computing 0.4 0.2 0.4
Total 69.7 ” 101.8
Contingency 50% 34.9 26.7 50.9

Grand total 104.6 \ 80.2 j 152.7
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Future Prospects for REDTOP

Physics case presented in White Paper and Snowmass Summer
Meeting (July 2022)

. Sensitivity to 15 processes fully simulated and reconstructed
. 20 theoretical models benchmarked

Baseline detector layout defined
. Sensitivity studies helped to consolidate the detector requirements
. Muon polarimeter requires further studies

LOI submitted to GSI (November 2023)

. Should know the outcome in June 2024
. Sensitivity studies to GSI detector are ongoing

Next steps:

. Explore other laboratories (in particular, the ESS and HIAF)

. Prepare the CDR to support the proposal of the experiment

. Continue the BSM sensitivity studies (New MC campaign started ¢ 5x101° SM events)
. Strengthen the collaboration and the detector R&D

. Broad nuclear and intermediate physics program available to new groups

4
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What about REDTOP at the ESS

A Sweden has put a large investment into the ESS

A At present, the facility is ~100% utilized for Material
Science research

A New HEP initiatives started by Swedish Universities
would be welcomed by Funding Agencies in Sweden.

A REDTOP could be one of such initiatives

A Good coordination between SwedishUniversities is
necessary (Uppsala, Lund, etc.)




Conclusions ‘-

T Next 10-20 years will bring crucial discoveries in HEP

17 All meson factories: LHCb, B-factories, Dafne, J/psi factories - have
produced a broad spectrum of nice physics

-----

and physics BSM at a lower mass scale and LCDM searches
REDTOP only experiment (with SHIP) sensitive to four DM portals
New detector techniques for next generation precision experiments
Beam requirements could be met by labs in US, Europe, and Asia

Strong competition mounting from China (HIAF)

= = = = =

Simulation machinery ready for high -level studies/optimization

REDTOE-
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More details : https:// redtop.fnal.gov and https://arxiv.org/abs/2203.07651
also https://redtop.fnal.gov/iwp -content/uploads/2023/09/REDTOP_LOI_2023-4.pdf

~
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Importance of symmetries in the universe

1 If the universe was not (mostly) symmetric then its laws
would be different from one place or time to another

(not very elegant!)

{ Existence of symmetries implies that there is a
framework of predictability in the Universe independent
of Initial conditions of space, rotation, and time

1 A perfectly symmetric universe would be very different
from ours (hint: life could not even exist)



Symmetries Classification

M1 Global vs local

- A global symmetrys one that holds at all points of spacetime;

- alocal symmetrys one that has a different symmetry

transformation at different points of spacetime; Discussed in
this
1 Continuous symmetries colloquium
- characterized by invariance following a continuous change i _
the geometry of the system Discussed in

this
- Spacetime symmetries (space & time translation, spagees|[sfs[titly
Poincaré transformations, Projective, Inversion

transformations )

- Field theory

@screte symmetries

- C,P, T
qq_ i inarcvmmotryz




