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The Timeline

Nelson-Barr Ultralight QFT (i-iii) and Particle (i-ii) Nelson-Barr Relaxion paper
Dark Matter Correction replication

Minimal Chiral A Simplified Nelson-Barr Paper
Nelson-Barr Relaxion Relaxion
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Figure 1: Our parameter space Figure 2: Davidi, Gupta, et. all [2]
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Nelson-Barr Relaxion | Updated Results
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A Chiral Nelson-Barr Relaxion

- > 2>
Chiral NBR
Dangerous dim-5 and dim-6 operators
Ze U(w Ul UL)uy
by — -1 0 0
N — -1 0 0
u - 0 1 0
V) — 0 -1 1
yY + 1 -1 0
gV + -1 -1 0
Hu + 0 0 -1
yY)* N _ . - . -
LerT = S\};;F)T (y,-UaU,uUd)ZUU + B puu®* QHU + y,-U'yUk /¢2QkHL_ll) +He (1)
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A Chiral Nelson-Barr Relaxion

Chiral NBR

Example of vanishing contribution (no quality problem).

Lorr = 9 (00 ,0200) + 1 2
EFT = E(YI o’ py )+ He.. @)
Does not contribute to Af
] ol Un~U Un~U 2 .
Af ~ A2 i 7 =y 77 ){P)| sin 20p.
EFT
~0

Josh lascau (UO) A Simplified Nelson-Barr Relaxion May 14, 2026



A Simplified Nelson-Barr Relaxion
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A Simplified Nelson-Barr Relaxion

MNBR
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Figure 7: Dark matter and the Simplified Nelson-Barr Relaxion mass ranges.
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The Theory

The Simplified NB Relaxion asserts the following sectors:

L=2Lsm + + + + LB
= Lom + + LB

Leon D (/i/\%, — /\%4 cos(%))HTH + )\(HTH)2 — rfoul\‘,l_, cos(%),

Ly D —MngTHcos(g) — 2 M cos(%),

N
Loy D Z(*m2|¢j|2 + gczlock|¢.i|4) + AVeoek(P),
i=o
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The Theory

The Simplified NB Relaxion asserts the following sectors:

L=2Lsm + + + + LB
= Lom + + LB

Nelson-Barr couplings
Lng D poUU+ (YY) ;QiAF + y opUid + Hee..

Loxg D AONOL H? + N0 pdpo] o
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Relaxion Ingredients

QCD axion under a new gauge group

Involves an Inflation Sector

@ Axion must extended over a very large field range F
o F/f ~ 1020

e Dynamical Higgs mass (initially at large mass)

Considers compact field space F

@ N+1 complex scalar fields ®;
o Take limit € — 0 and expand around VEVs ®; — U; = %e""rj/f‘
N N—1
Loy > Z(_m2|¢j|2 + gczlock|¢j|4) + Z(qujq)?—l—l + H.c.).
Jj=0 j=0
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Relaxion Results

@ Softly broken shift symmetry
@ Weak scale becomes technically natural

@ Solves the Hierarchy Problem

: F 2N
@ Exponentially suppressed decays constant 7 ~ 3
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Relaxion Results

\ &8

@
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Relaxion Results
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The Nelson-Barr Sector

The Simplified NB Relaxion asserts the following sectors:

L=2Lsm + + + + LB
= Lom + + LB

Nelson-Barr couplings
Lng D poUU+ (YY) ;QiAF + y opUid + Hee..

Loxg D AONOL H? + N0 pdpo] o

Contribution to Af
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Contributions to Af

Af calculation

Let My be the up-quark mass matrix. My = My + Ms.

(my): 0) (MQ— M —)
Mo = J My = (178 Vel
0 < Bi  pu ! Myz Myg

Las D (@ U) My <5>
5 (@ U)(M0+M1)<Lz>

where (mu)Ji' = (Y”)J’f Bi = yY®, and puy is the up quark mass term.
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Simplification Of Af

Af calculation

In principle, the Af angle is given s.t. Af = arg(det(M))

)
rg(det(Mo + My))

(det(
(det(
= arg(det(My (M Mo + 1))
(det(
arg(det(

=

rg(det

rg(det(My)det(M; Mo + 1)))
det(My)(tr(My " Mo) + 1)

I
©

| 2

et (i@ 1) g1
Af ~ |m< SMQ) = (M)~ Bm M )>

Where MMy << 1 [1]
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One-loop contributions

Af calculation

(o) (®) (of) (H)
LN o LT N
y ! z U g v 7 Lo
_ I
@Uu—U0 AU () 0— Q
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- (1)
Calculation of MUQ

Af calculation

......

).keie'\’

And, using our equation for A

A ~ Im(;U(Bi(m;l)ij(M(l)—)j))a

1 i HUA yUei?
~ Im(— ,-UCD o' e'’v)),
(P o)t S yetn)

NG ~ 25y y) sin(On)-
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- (1)
Calculation of MUQ

Af calculation

......

=

~ | BUN

8v/272 fyk

And, using our equation for Af

A ~ ﬁyﬁyﬂ sin(fn)

(mu)ikei0N

It must be that Af < 10719, so A ~ O(1071) and sin(Ay) ~ O(1). Thus,
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Spurion Anylsis

Dim-5 and Dim-6 operators in the EFT

The spurion analysis gives us the following charge assignments

Z U U(l)u V(1)
Sy — -1 0 0
% — 1 0 0
U — 0 1 0
U = 0 -1 1
yV - 1 -1 0
) + -1 1 0
jy, + 0 0 -1

Table: Charges of the scalar ®y, the heavy VLQs U and U, and the spurions %
and puy.
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Dim-5 operators in the EFT

The only permitted dim-5 operators are

KU U U ifa2 1777 BU  oiis Uskas A &
(47”()2)/,- Y; a’djyUU  and (477f)25u(yj )Y ONQHU
Their contributions give
NG = @yiuyju sin 20. (3)
_ 1 L _
A8 ~ ey (V)58 sin O )

Under the same analysis, [yY| < 1074
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Dim-6 operators in the EFT
The only permitted dim-6 operator is
”
’YU /
(47f)2

vy )oR QAT (5)
It's contribution give
q (Y_l)lk’Yijk U, U
Af ~ “372’(%. ;) sin(20y). (6)

But now, |yY| <1073

Josh lascau (UO) A Simplified Nelson-Barr Relaxion May 14, 2026 24 /28



Results | Parameter Space | |yV| < 107*
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Figure 9: Conservative result
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Results | Parameter Space
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Results | Parameter Space | |yV| <1072 |D — Type
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