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Hey! | am a poor first year PhD student, and | am going to my first IDM,
IDM 2026 in Zaragoza 3). | will be presenting our current work "Direct
Detection of CP violation in QCD-like Dark Matter", in front of an
audience full of experts. Please give me a couple of very precise
advices (short and specific bullet points) so my IDM debut is not a
disaster hahaha

Penso durante 20s

You'll be fine hahaha. For an expert audience, optimize for clarity and control, not for showing every detail.
* State the “one-line physics message” in the first minute.
Example: “We show that CP violation in a QCD-like dark sector can leave directly detectable

electromagnetic/nuclear si 5, comp ry to d CP-conserving SIDM/direct-detection
probes.”

* Do not over-explain the model.
Experts can follow Lagrangians. Spend time on: what is new, what observable is CP-violating, what
controls the size, and what experiments constrain it.

* Label every plot with the physical takeaway.

Not just “limits on gg" but: “nEDM kills this region,” “direct detection dominates here,” “radiative

splitting matters here,” "SIDM target region.”
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Overview

1. Strongly coupled dark sectors
2. Direct Detection of dark neutron EDM
3. CP-violation and Self Interacting DM

4. Conclusions
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Strongly coupled dark sectors
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General Setup

CORPUSCULAR

A (dark) sector with a gauge symmetry SU(N.) and N¢ light Dirac fermions g

1 _. _ 2
EQCD(qa G) = 71,_—#”,_—/1,1/ + q’¢q - (qLMqH + h-C-) + QéFuuFum
—_———

CP-violation
But.,... as we all know QCD is complicated ... It's low energy description
040
Lqcp(q,G) == ﬁBziPTUVa )
However,... this is still complicated...
(mNN)

Lqcn(q,6) == Ly g(N,7) = L
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Dark Matter as Baryons
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® QCD-like dynamics: (Dark) Baryons and Pions

m
N:<p> , = |n?
n 3

m

———
Nucleon Isospin doublet —
Isospin triplet of light 7’s

® The interactions between N’s and 7’s can be generically described by
[Crewther et al. (1979)]

E((,}rfNN) = grwNivso-TN + gowNo -7 N

CP - even CP - odd
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A dark photon portal
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We extend the model by introducing a U(1)4 gauge symmetry [Garcia-Cely et al. (2025)]:

1 1
Lpp = —1 w4 3 Vv, + §VWB’“’,
Vi
my > mp
Mass Splitting P—>—e—» e —»p P — il
p
Neutron DM
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Dark dipole moments
The (dark) electromagnetic nucleon matrix element in a CP violating vacuum
[Kubis and Meissner (2001); Scherer and Schindler (2005); Abramczyk et al. (2017)]:
i q, Uﬂqu'YE) (,y,qu - 2MNQ'”)’)/5
I'*(q) = v"Fe(q? Fu(q?) + ——“—Fp(q* Fa(q?
() =2"Fe(q”) + =5 =Ful(a”) + —5 ——F(q") + m2 A(q”)
Magnetic Dipole Electrizr Dipole
® Fr Fuy,FpandF, are the charge, magnetic dipole, .\ /.
electric dipole, and anapole. \\O/
¢ The electric dipole is d, = —Fp(0)/(2my). §
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Dark dipole moments

The electromagnetic properties within ByPT are given by
[Pich and de Rafael (1991); Jenkins et al. (1993); Durand and Ha (1998)]

d, = €4 grnng NN 10g< mp ) »in = O(1) %

2m, 2n2 m._ .+

while for the charge radius we adopt b, ~ eq/A? ~ eq/m>.
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Direct Detection of dark neutron EDM
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A well known diagram
n n n n
\ / \ p /
®o---"---® o0
p p T w
v "4
€ g
Y Y
N—»—O—p—— |\| N—»—G—p—— |\
Mnxe~ c'(@vi) - O
——
Wilson coefficients NR Operators
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. Ty ™
The Matching Procedure
Operator: O; Coefficient: c/'(q*,v?)
2 2
of 1 dw CP-even | €50 % iy + ecweOn 5T = bp
2
Oy S, - Sn CP-even ecﬂi;g'ququaun
. q
Os iSy - <m/v X vL> CP-even %Mn
q q ecyegnm
Os <SX N> <SN- p CP-even —quTg]QVN n
; q 2
O11 Sy CP-odd e d,
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Our Dipole Signal

The differential event rate of DM-
nucleus scattering with recoil Eg is
[Jeong et al. (2022); Ibarra et al. (2025)]:

® do/dEg: The differential
DM-nucleus scattering.

® fo(v,ve(t)): DM velocity
distribution in the Earth frame.
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107!

V!

1072

AR/dER [ton — yr — ke

0T

€e=2-107
gnn = 0.1
Govy =035

my, = 130 GeV
Mg = 300 MeV
my =100 MeV

o[ === EDM contribution (ox 62)
CP-conserving contribution
— Total

3]
=
N
—
==

107

Epg [keV]

107
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So, where are we?
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d, [e-cm] 10718
10-3 0.5 1.0 15 2.0 10-%
0 Total Total ~
‘\ * Gy =035 LZ (2025)
\ EDM contribution
\
\
\
\
\
101 S 104

1.7 (2025)

w w
107 10778
Bodirl Darmp /
] Beam Dutp
eq =1, my = 130 GeV, my = 100 MeV, myo 2 2my, gzyy = 0.1 e, =1, m, =130 GeV, gryy = 0.1, oy = 0.35, mp = Qm‘,r‘
10°% - - - - - - 1079 : -
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 20 40 60 80 100 120 140 160 180 200
JaNN my [MeV]
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So, where are we?

dy [e-cm] X10-18

2.0
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107%

Total
gann = 0.35

1074

w

10
3ot Junp.
9555 Bocats Dirip

(=1, m, = 130 GeV, my = 100 MV, ms 2 2my, goxy = 0.1 e, =1, m, =130 GeV, grnw 0.35, Mg 2 2my]
- y / B
10 0.1 02 03 04 05 0.6 0.7 08 0.9 10795 10 60 50 00 120 10 160 180 200
G=NN my [MeV]
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CP-odd ~ ann
CP-even ~ 1pOs

CP-odd or CP-even?

_ —— Total
L ~
= Y
£ E
|
| 9x ur‘\
= EDM contribution
S -
— \~\\
&= ~~o
<=
8x 1073
74x 107
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t [day of year]

-1

dR/dER [ton — yr — keV

3x 107t

2.8 x 107"
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CP-violation and Self Interacting DM
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One Pion Exchange

CORPUSCULAR

For our neutron DM, there is only one scat- f-Induced Yukawa potential
tering channel to be taken into account, nn

with 7° as mediator: .
—Mxr
_ Yo & T

vir) = 47 r

Matching the effective low-energy

|
|
0 . . .
| baryon-meson interaction Lagrangian,
|
n ; n mx\ 2
——— > — )
— —2 2 s 2 12
grn G =0 <f > m; by
71'
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Self-Scattering Cross Sections
Small scales = Small- velocities Large scales = Large velocities
9 1 . (vre\)l[(l)fzrnS"] 100 N
ofmp~1-10[em”g™] | rwe—Teme e o/my S 0.5 [em? g
#$ Andrade+2021 3 Erk;ruzuzz ¥ Kong+p024 : + Sénchez A. 2025
- 10?
N§ 1004
€ T
5 100 =P —’_1' -l
Small-scales .| [Fischer et al. (2024)] l*!vr[lj, Galaxy Clusters
108 101 1012 101
Myir [Mo1
( Data suggests velocity-dependent cross-sections }
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Self-Scattering Cross Sections
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At small scales

Vo ~ 10 km/s
Jann = 0.35

=
k]
©

10°

At Galaxy Clusters
0.1 < (oy/my) < 1.0 [em? g7!] 113
8 o l.l)<<r7:'/1n,,)§ll)l] fem? g7 vo ~ 10° km/s
1071‘[]’3 101 00

my (GeV)

Pablo Figueroa, Instituto de Fisica Corpuscular (CSIC-UV) 14/16



Self-Scattering Cross Sections

0.1 < (oy/my) < 1.0 [em? g7!]
® 1.0 < (oy/my) <100 [em? g7!]

—1
1073 1072
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Conclusions
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CP-violating m mediators are GREAT!

|

Naturally light pseudo-scalars (Goldstones)

® Potential sighatures from direct detection of dark EDM.

e Sucessful SIDM with velocity dependence.

The dark 6 angle changes the game!
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Outlook

New and successful
collaborations with you :)
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Thank you for your attention
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Baryon-Meson Effective Lagrangian
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For the two-flavour sector (u,d): B=N = (p,n) , ® = % the lowest-order
baryon-meson effective Lagrangian with at most two baryons [Pich (1995)]:

LN =te[Niy"V N + (D + F) tr

s (au - \/%fﬁ(aﬂ)) + f;fw[v‘“ <1>]) /v]
where V,, is the covariant derivative:

VuN=090,N+ [T, N
Our dark photon field v,,: v, = epQpV,,, with Op = diag(2/3, —1/3) SM-like.
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Baryon-Meson Effective Lagrangian
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Following the convention (D + F) = ga, and isolating the NN® interaction term:

EYNN) = —QQTA tr [Nv“ 'YSTG/V(QMTFO)}

By IBP’s 0, (NY#y57NT?) = 0, (NyFv57ON)7t® + NyFys 7ON(D,, %) = 0:

EYTNN) = ‘?—A My tr [Ni’)/g,TG?TGN} = i—A My Njivys (79) jem Ny
™ ™
=g

where we have defined gy = gaMy/f- (Goldberger-Treiman relation).
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CP-violating terms
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The CP non-conserving meson-baryon interaction terms are given by [Pich (1995)]:

2
LngN) =0 <r:7r> b1 {ﬁwop +V2prtn+V2harp — Fm'on]

where bq is obtained via the mass splittings.

For this, x = 2By M with M = diag(m,, mg, ms), in the lowest O(M) interactions:
LS8 © —bo(4Bo) tr[M]tr[BB] — by (4Bo)tr[BMB] — by (4B, )tr[BBM]

M=—Ms,

After single out the mass terms for =, X and N — by = By (me—r)
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Limits setting

We follow a standard likelihood approach

1
L= ‘ (nSIg + nbck) obs exp{( ns1g + nbck))}

Nobs:

x? = —2log £ = 2 (nsig + Npek
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WimPyDD

SI, XENONIT exclusion plot

S WimPyDD
10424 —— Published
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10"
MDM contribution
N =
107! (‘,Ol =)
[N S
- NO-
= 1072 I'ﬂ\'o“ S
= g Og E — 0 — Oy
~ = o Interforence
| — 05 === Toul
£ 10-
£ 10 — 0
| 2
S0
- N\
3]
=
=
10
o]
=
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e=2-10" 3
. : grvy =01 =}
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0T i T i
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Velocity Integrals
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The different time dependences
might be understood already at the
level of halo integrals 1(Vimin, )

[Nobile et al. (2016)]

f t
vty = [ e el g,
V>Vnin v
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Are we cheating?
grNN grnn
n—»m——»—n n—» —9—>»—n
| 70 | 70
n—»—e&—»——n n—»—=%6—»—n
g Grnn

From the pseudoscalar part [Kahlhoefer et al. (2017); Agrawal et al. (2020)],
do  gZam? ., m? 1
— — TN N 1— 7/7‘/2 -2 V2 O V4
d0 392 72 m%— 9rnn er + 4g7rNN + ( )
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Self-Interacting Cross Sections

The viscosity cross-section oy

1 dn &K (+1)(1+2)
(2s+1)2/72lz0 (21 + 3)

oy = sin2(5,+2 — 5/)

To compute the phase shifts [Chu et al. (2020)]:

dé:’jkr(r) = —kmpr? V(r)(cos[é,,k(r)]j,(kr) — sin[5/,k(r)]n,(kr)>2

The boundary conditions are:
5/,/((0) =0 and (5/7k(r) — 5/
Here, k = mpv/2 is the momentum of the DM, and v is the relative velocity.
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