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Office of High Energy Physics (HEP) 
Program Mission

… is to understand how the universe works at its most fundamental level:
` Discover the elementary constituents of matter and energy
` Probe the interactions between them
` Explore the basic nature of space and time

` The DOE Office of High Energy Physics fulfills 
its mission by:
` Building projects that enable discovery science
` Operating facilities that provide the capability 

for discoveries
` Supporting a research program that produces 

discovery science

6HEP Program, AAAC mtg 9/26/19

Light	relics

Heavy	particles
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THE	HUNT	FOR	LIGHT	RELICS
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LIMITS	@	TWO	DETERMINATIONS	OF	HELIUM	ABUNDANCE

 Planck	arXiv:1807.06209

�Ne↵ < 0.544 @95%CL�Ne↵ < 0.214 @95%CL
New Opportunities in Dark Matter Science

WIMPs
QCD 
axion

New 
Directions

Recent theoretical studies highlight well-motivated frameworks with sharp, 
predictive targets from cosmology, fundamental physics, and anomalies in data
` WIMPs, QCD axions central 

ideas that will be studied with 
current & planned experiments

` Generalized theories have
led to new paradigms that
small experiments could
address

Technological advances allow 
new experimental methods

Current program

New Directions in Dark Matter

HEP Program, AAAC mtg 9/26/19 45

Vagnozzi	arXiv:1907.07569

 LAA-Perez	Bergliaffa	Phys.Rev.	D	100	(2019)	123525

Severe	constraints	on	beyond	SM	physics	models

nopenope
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ECHOES	OF	VIBRATING	STRINGS?

de Sitter Conjecture
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dS minima not allowed

DE realized as a 
rolling scalar field
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OR

dS minima not allowed

DE realized as a 
rolling scalar fieldde	Sitter	minima	not	allowed

Dark	energy	☛	rolling	scalar	field

Agrawal-Obied-Steinhard-Vaffa	Phys.	Lett.	B	784	(2018)	271 Agrawal-Obied-Vaffa	arXiv:1906.08261	

� ln(1 + z)

☛

H
(z
)

LAA-Antoniadis-Lüst-Soriano-Taylor	Phys.	Rev.	D	101	(2020)	083532

mDM / exp{�c̃�} c̃ ⇠ O(1) in	Planck	units
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� ln(1 + z)

ECHOES	OF	VIBRATING	STRINGS?

H
(z
)

LAA-Antoniadis-Lüst-Soriano-Taylor	Phys.	Rev.	D	101	(2020)	083532
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LAA-Antoniadis-Lüst-Goldberg-Huang-Taylor		Phys.	Rev.	D	85	(2012)	086003

Q

L

Q
E

L

R
R

CY

THE DRAMATIS PERSONAE

Cremades-Ibañez-Marchesamo		JHEP	0307	(2003)	038

14

The Dramatis Personae

Index Fields Sector SU(3)C × SU(2)L U(1)B U(1)L U(1)IR U(1)Y g′ g′′

1 UR 3 → 1∗ (3, 1) 1

3
0 1

2

2

3
0.368 −0.028

2 DR 3 → 1 (3, 1) 1

3
0 −

1

2
−

1

3
0.368 −0.209

3 LL 4 → 2 (1, 2) 0 1 0 −
1

2
0.143 0.143

4 ER 4 → 1 (1, 1) 0 1 −
1

2
−1 0.142 0.262

5 QL 3 → 2 (3, 2) 1

3
0 0 1

6
0.368 −0.119

6 NR 4 → 1∗ (1, 1) 0 1 1

2
0 0.143 0.443

- H 2 → 1 (1, 2) 0 0 1

2

1

2
2.5× 10−4 0.090

LYukawa = −Y ij
d Q̄i HDj − Y ij

u ϵab Q̄ia H
†
b Uj − Y ij

ℓ L̄iH Ej + Y ij
ν ϵab L̄ia H

†
b Nj + h.c.

TABLE I: Quantum numbers of chiral fermions and Higgs doublet for U(3)C × Sp(1)L × U(1).

Name Representation Q3 Q1 QY

Ūi (3̄, 1) −1 1 −2
3

D̄i (3̄, 1) −1 −1 1
3

Li (1, 2) 0 1 −1
2

Ēi (1, 1) 0 −2 1

Qi (3, 2) 1 0 1
6

H (1, 2) 0 1 −1
2
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LL RE

LQ U  , D RR

W

gluon

Sp(1) U(1)

U(1)

U(3)

4-Leptonic

3-Baryonic

2-Left 1-Right

FIG. 1: Pictorial representation of the U(1)C × Sp(1)L × U(1)L × U(1)R D-brane model.

Fig. 1. The chiral fermion charges in Table II are not orthogonal as given (Q1L ·Q1R ≠ 0,).
Orthogonality can be completed by including a right-handed neutrino with charges Q3 = 0,
Q1L = Q1R = ±1, QY = 0. We turn now to discuss the string origin and the compelling
properties of this model.

III. GENERALITIES OF U(3)C × Sp(1)L ×U(1)L ×U(1)R

The generic perturbative spectrum in intersecting D-brane models consists of products
of unitary groups U(Ni) associated to stacks of Ni coincident D-branes and matter in bi-
fundamental representations. In the presence of orientifolds which are necessary for tadpole
cancellation, and thus consistency of the theory, open strings become in general non oriented
allowing for orthogonal and symplectic gauge group factors, as well as for symmetric and

5
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LAA-Goldberg	Phys.	Rev.	Lett.	108	(2012)	081805
LAA-Antoniadis-Lüst-Goldberg-Huang-Taylor-Vlcek	Phys.	Rev.	D	86	(2012)	066004
LAA-Goldberg-Steigman	Phys.	Lett.	B	718	(2013)	1162

THE	BEST	OF	ALL	MODELS:	U(1)	FOR	EVERYONE

�(Tdec) = H(Tdec)

ge↵
MZ0

=

✓
3

�Ne↵

◆3/32 ✓ 17.41

MPl T 3
dec

◆1/4

νR	decouples	from	plasma	when	its	mean	free	path	becomes	greater	than	Hubble	radius	at	that	time	

νR	interaction	rate Hubble	expansion	rate	

1 2 3 4 5 6 7

0.1

0.2

0.3

0.4

MZ' (TeV)

g e
ff

Model	is	fully	predictive																																																						
and	can	be	confronted	with	future	data	from	LHC	Run3	
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Take Home Message

Solving	the	Hubble	(ΛCDM)	tension	is	very	much	an	ongoing	enterprise.				

The	resolution	of	this	conundrum	will	likely	require	a	coordinated	effort	
from	the	side	of	theory,	interpretation,	data	analysis,	and	observation:	
CMBPol	is	expected	to	reach	a	2σ	precision	of	∆Neff	=	0.09																												

and	CMB-S4	is	expected	to	reach	a	2σ	precision	of	∆Neff	=	0.06.

If	the	past	is	any	guidepost	to	the	future																																																																				
we	can	expect	surprising	results	connecting	string	theory	to	data.	

12Monday, May 4, 20



13Monday, May 4, 20


