TitlelLooking at the last 25 years of particle physics at Pl + going nuclear with dark sector
SpeakerBaxim Pospelov

Collection/SerChqsrting the Future Symposium

SubjectCosmology, Particle Physics, Strong Gravity

Date:August 29, 2025 - 2:00 PM

URL:https://pirsa.org/25080051

Pirsa: 25080051 Page 1/34



Pirsa: 25080051

Looking at the last 25 years of particle
physics at Pl + going nuclear with dark
sectors

Maxim Pospelov

U of Minnesota and FTPI

(formerly at Perimeter and U of Victoria)

28

UNIVERSITY OF MINNESOTA
Driven to Discover

umn.edu

Page 2/34



Plan

Some personal history in relation to PI

Research at Perimeter in a broader context of particle physics. Impact
of PL.

Conclusions: looking forward to the next 25 years.

Dark sectors at nuclear reactors. General comments
New constraints on milli-charged particles

Opportunities with Canadian reactors, and some additional constraints
on Dark Matter.
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Some history of particle physics at Pl

. Prehistory 2000-2004
2. Inception: 2004 C. Burgess and MP hired as associate faculty at

Perimeter. First postdocs in pp (B. Batell and M. Trott) were hired in
2008. Steady postdoc cohort since then — immense work force!

. Period of expansion: 2011 — 2014, when N. Toro, P. Schuster, I.

Yavin and A. Arvanitaki were hired as staff members and associate
faculty. S. Dimopoulos became a visiting chair.

. Period of retrenchment: 2015-2019, 2 faculty and 2 associates

(including myself) left.

. Rebound: 2020-now, J. Huang and S. Slbnyakov hired. C. Wagner

and M. Carena joining the institute!
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Some history of particle physics at Pl

. Prehistory 2000-2004

2. Inception: 2004 C. Burgess and MP hired as associate faculty at
Perimeter. First postdocs in pp (B. Batell and M. Trott) were hired in
2008. Steady postdoc cohort since then — immense work force!

. Period of expansion: 2011 — 2014, when N. Toro, P. Schuster, L.
Yavin and A. Arvanitaki were hired as staff members and associate
faculty. S. Dimopoulos became a visiting chair.

. Period of retrenchment: 2015-2019, 2 faculty and 2 associates
(including myself) left.

. Rebound: 2020-now, J. Huang and S. Sibiryakov hired. C. Wagner
and M. Carena joining the institute!

Particle physics: from an afterthought at the beginning, to a respectable
direction, and now we are taking over PI [with Marcela at the helm)].
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Sometime in ~2007 at Perimeter Institute

From Nobel museum,
Stockholm, Sweden

Talking to Robert Brout (1928-2011)
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My collaborators at Pl and/or members of Pl particle physics group
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My collaborators at Pl and/or members of Pl particle physics group
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Particle Physics directions at Perimeter

Striving for better understanding of the Standard Model, and some of
its enigmatic puzzles (CC, strong CP, neutrino masses etc)

Exploration of Beyond Standard Model Physics (BSM), understood
broadly.

Pointing out new ways of searching for BSM (new signatures,
colliders, precision measurements, beam dumps/ fixed targets, dark
matter searches etc.)

Actively suggesting and sometimes participating in new experimental
endeavours

Collaborating with other groups!
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EW precision = Higgs physics
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observables.
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Incidentally, it is a “maximally
interesting” Higgs mass, offering a
possibility of precision measurements for
many decay modes. More from the LHC!
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Implications of Higgs discovery [and nothing else]

No hints for any kind of new physics. Strong constraints on SUSY,
extra dimensions, technicolor resonances, new Z’ etc.

There is no “clear practical guidance” that can be derived from the
Higgs naturalness problem. If it is a “common-scale” SUSY, the
particular value of the Higgs mass implies multi-10 TeV scale for
superpartner masses.

Lots of work remain to be done (e.g. demonstrate that the Higgs-self
interaction strength is consistent with the SM).

Develop a strategy of testing SM as an effective theory (trying to see

the deviations before asking for a new collider)
11
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Search for BSM — please play again

/G Thanks for the memorie
(P (1986-2020)
. : N
Tisse Wotlones '
RRROLI Lip

But wait, we have neutrino masses and mixings, and dark matter!
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Solar neutrinos, neutrino oscillations

= After R. Davis’ experiment — that first detected solar (i.e. non-
reactor) neutrinos, but not enough of them as per J. Bahcall’s
calculations — W. Fowler remarked: “We think, if Ray improves the
sensitivity of his equipment, he'll find the neutrinos all right”.

= Some particle theorists were very skeptical of the whole endeavor:

NEUTRINO MOMENTS, MASSES AND CUSTODIAL SU(2) SYMMETRY *

Howard GEORGI and Michael LUKE

Lyman Laboratory of Physics, Harvard University, Cambridge. MA 02138, USA

Received 17 April 1990

1. The problem

Most likely, the solar neutrino problem [I] has nothing whatever to do with
particle physics. It is a great triumph that astrophysicists are able to predict the
number of B¥ neutrinos coming from the sun as well as they do, to within a factor
of 2 or 3 [2]. However, one aspect of the solar neutrino data, the apparent

» The SNO experiment — a long time effort — finally resolved the
paradox in favor of the flavor oscillation hypothesis.

13

Pirsa: 25080051 Page 14/34



Pirsa: 25080051

Implications of v oscillation discovery
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=  We need to do something to the theory: e.g. add new singlet
neutrino fields, or at least a higher dimensional operator
m, porv —> y,,NL/H + (h.c.)

: 1
mymv — (y) (WH) x — x (vH) + (h.c.)
mny

Both are valid options — only experiment (e.g. v023 decays, SNO-+)
can help distinguishing between these scenarios

» New mixing matrix implies new CP-odd phases, which could be
related to the emergence of matter-antimatter asymmetry via
per-K based
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CP violation and flavor and implications

6 oo . i
(ds)(ds), i.e. "superweak” type

For a long time the field was dominated
by K; = nn measurement that could be
from SCKM- Vekm # Vi, Kobayashi — Maskawa phase
The break came in late 1990s when €[/e CP measurements at B factorics

was finally measured, and almost B sl o OV s
immediately by BaBar and Belle
providing a win for CKM physics (and

using quantum technology in the

process)

Today’s precision (aided by the LHCb)
exceeds initial expectations, consistent
with SM. (But! Watch Ry xx p p+
anomalies) To be checked even more
accurately by Belle II, NA62 etc.

EW baryogenesis implies flavor diagonal
CP violation = EDM@ Triumf

2
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Lesson from precision cosmology:
Universe was relatively simple at T ~ 0.3 eV.

The dark matter was already “in place” at the time of the matter-
radiation equality, when the potential wells created by DM started
to grow. We see statistical evidence of H and He falling (and
rebounding) from the DM gravitational wells. The amount of He
and D is consistent with primordial nucleosynthesis

DM is not “made of ordinary atoms” — and there is 6 times more
of it than of ordinary H and He. Q1 matter/ Cparyons = 54

What is it? These are not known neutrinos: they would have to
weigh ~ 50 eV (excluded), and would have a hard time making
smaller scale structure (too hot to cluster on small scales).

Simplicity of the early Universe, makes
i | many of us suspect that the DM might
IRV | be in the form of unknown (= e.g.

' beyond-SM) particles.
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Wrap up: motivations for BSM

Preaszon ‘cosmology: 6 parameter model (A-CDM) correctly
describes statistics of 10° CMB patches.
Existence of dark matter and dark energy.
Strong evidence for inflation.

Neutrmo masses and mixing: Give us a clue [perhaps] that
: there are new matter fields beyond SM.
Some of them are not charged under SM, and
can lead to lepton number violation.

Theoretical puzzles: Strong CP problem, vacuum stability, hints
- on unification, smallness of m, relative to
highest scales (GUT, Mp,,,..1)

A

Anomalous results " muon g-2, B-physms anomalies, SBN
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SM as an Effective Field Theory

Typical BSM model-independent approach is to include all possible
BSM operators + light new states explicitly.

> | ‘ 1 g |
Lerr =myH'H + Lsm dgim4(A, ¢, H) + Z FO;’:’- dimn A, ¥, H)

n=5

+ Loonats(W, A, H; ¢ps) + Lps(¢ps).

In addition to heavy BSM states [that can be " "integrated out”] there
is a possibility of relatively light BSM states, that have tiny couplings

to SM — the Dark Sectors, that may include dark matter.
18
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