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“reduction’:

what are the
building blockse

The scenic route
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hadrons/
nuclei
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Framework: Effective Field Theory

“Folk Theorem” Weinberg ‘79

The quantum field theory generated by@f general Log@with some
assumed symmetries will produce the most general S matrix incorporating

quantum mechanics, Lorentz invariance, unitarity, cluster decomposition

and those symmetries, with no further physical content.
independence from high-momentum/short-distance deftails

regulator = infinite series of interactions, with constrained coefficients -

=) renormalization

“Nonrenormalizable theories are as renormalizable as renormalizable theories”
(S. Weinberg, many times)



Standard Model as an EFT

- neutrino masses, galaxy rotations and lensing, matter-antimatter asymmetry 2P

o unnaturalness, many parameters, non-unified group structure, general relativity, etc. ’

Hierarchy of Interactions in Unified Gauge Theories*

H. Georgi,T H. R. Quinn, and S. Weinberg
Lyman Laboratory of Physics, Havvard University, Cambridge, Massachusetts 02138
(Received 15 May 1974)

T T T
Electromagnetic

CERN In order to accomplish this, we make use of ¥ Weak ——

Strong

the theorem?® that-ail matrix elements involving
only “ordinary”™ external particles with momenta
: and masses much less than all superheavy mass-
@ | es may be calculated in an effective renormal-
“F izable field theory, which is just the original
@ _* field theory with all superheavy particles omit-
b E Y ted, but with coupling constants that may depend
on the superheavy masses. All other effects of
. @LEPTONS @ BOSONS @ WIGGS BOSON the superheavy particles are suppressed by fac- T+ s s w = u
tors of an ordinary mass divided by a superheavy 1o R
mass.

Inverse coupling constant

“extraordinary” light particles? higher-dimensional operators

dark matter, right-handed neutrinos, axions, violation of accidental symmetries,
additional gauge bosons, X17... small corrections to nonzero quantities

Suowwo) aAleal)/snajeg J0IA



The Way of EFT example
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Q: My,

Weinberg '67
Salam '68

Weinberg '79

HADRON
STRUCTURE

NUCLEAR
STRUCTURE

The horizon

LSMEFT — ESM + Ldim=5 + Ldim:6 +K + Ldim=9 +K

B-L

/_ N\

Rao + Shrock '82

Weinberg '79'80

N\ Wilczek + Zee '79

r o
accidental| |AL|=2 P ¥ |AB|=|AL|=1 |AB|=2 Abboft = WEE

sym

neutrinoless

nucleon electric proton neutron-antineutron
nn — ppee dipole moments decay  oscillations
N\ v J
light-nuclear nuclear
EDMs decay

double-beta decay

“Background™:

NINO\[E
INTERACTIONS

A 4

corrections to running of weak mixing angle
single-beta decay properties
neutrino properties
muon properties
muonic atoms



QC(+E)D (LITE) d.o.f:s quarks: Q=[Zj gluons: Gj (+ photon)
symmetries  SO(3,1) global, SU(3), (+U(2),,,) gauge
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Lattice QCD
lattice “model space”
7T 777
77 .
Yy sy v v sy ayayadd path infegral
e with |
;/ Monte Carlo
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QcD (E) JmEI Zn: (27zn)2—mE
? m;l Lscher ‘91
. fix:
difficulty: large pion masses,

large enough lattices

small number of nucleons

Wilson '75
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Weinberg '79
Gasser + Leutwyler '84

Chiral Perturbbation Theory

Gasser, Sainio + Svarc '87
Bernard, Kaiser + MeilBner ‘90
Jenkins + Manohar '91

Weinberg '90

Rho '91

Weinberg ‘91

Orddénez + vK '92

. Weinberg ‘92
Non-perturbative 7

at leading order!
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, integrate out pions vK 197
Pionless EFT - . . Bedaque + vK '97
different power counting
iIntegrate in tight nucleon clusters Bertulani, Hammer + vK '02
HCI|O/C|UST€I’ FFT — Bedague, Hammer + vK '03
different power counting

adapted to lower energies (shallow nuclei, low-energy reactions)

but no explicit constraints from chiral symmetry



A peek over the hill

Alvarado + Alvarez-Ruso, Phys. Rev. D 105 (2022) 074001
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but LQCD data under scrutiny



Piarulli et al., Phys. Rev. Lett. 120 (2018) 052503
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' 2002 " some Ab initio predictions link the neutron skin of 2°8Pb

| | | . to nuclear forces
I 2511 ' S U e O I n g . m 2n 'l 1341 561 3m2
Baishan Hu®'", Weiguang Jiang ©2", Takayuki Miyagi©*4", Zhonghao Sun>4", Andreas Ekstrém?,

o e A
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Heavy atomic nuclei have an excess of neutrons over protons, which leads to the formation of a neutron skin whose thickness
0.072 0.073 0.074 0.075 0.076 0.077 0.078 0.079 0.08 is sensitive to details of the nuclear force. This links atomic nuclei to properties of neutron stars, thereby relating objects that
e m pt . N N fZ dlﬂer in size by ovders of magnl!ude The nucleus 2°°Pb is of particular interest because it exhibits a simple structure and is
y o 1 p ing such a heavy nucleus has been oul of reach for ab initio theory. By combining
in body hod: istical tools and I; h »sy we make quantltatlve predl:tlons for the
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R el n e rt K re b S =+ E pel b au m P hyS R ev Le tt 12 6 (2 02 1) 09 250 1 the neutron skln thlckness which is smaller and more precise than a recent from parity scattering
] ] " b . but in ag) with other exp probes. This work how realistic two- and th leon forces act ina

heavy nucleus and allows us to make quantitative predictions across the nuclear landscape.
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SLIPPERY
WHEN WET

Q? [fm 2]

Kegel et al., Phys. Rev. Lett. 130 (2023) 152052
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equation of state
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| N2LO (D2, B1) N
| N2LO (D2, EP) '

N2LO (D2, E)

different forms of
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which should vanish 7

at this order .
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Lynn et
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al., Phys. Rev. Lett. 116 (2016) 062501

regulator dependence
= model dependence
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Through the hadronic/nuclear lens:
nuclear scattering as a ool

dark matter scattering off
deuterons and alpha particles

E [ ! [ ! | ! - I ' I T I T §
L T, =50keV 10 E - 5
F 4E 35
- = T: 10 = = —.:
g - S 10°F 4 =
- E —“u"; 0 E.: S 2 —I““"l
_éﬁ = . - 10 £ v = =
% - hiral 3 107K r 13
s Chiral = -F 1, i3
o 3 g 10'F 1 g
= E m 10 F B Om
45 u Z 3 q1 =
= E Z 3 E g >
Z o S 10 F T T
© E_ 10’10 E— —E )
3 PP S R L% 5 10
10°¢ o0 s > 10 5 9'0 : 1é0 ' 2_!'0 " 0 90 180 270 360 0 90 180 270 360
0 [deg] 0 [deg] 6 [deg] 0 [deg]

FIG. 7. (color online) The same as Fig. 3 but for “He. The horizontal blue lines denote the number of scattered *He per day

FIG. 3. (color online) The number of scattered deuterons per due to the back

day as function of the angle between V' and P, by a 100 ton
of deuterium, per unit of energy (keV) and solid angle (sr). _ : :
For all cases we have taken M, = 10 GeV and C{¥ = 10~* WIMP-nucleon contact inferactions

for the sake of comparison. The left (right) panel reports the _ )
number of events for scattered deuterons of recoil energy 30 Filandri + Viviani, Phys. Rev. C 110 (2024) 034002

(50) keV. All the results are presented as (very narrow) bands
(see the main text for more detail).



Through the hadronic/nuclear lens:

chiral symmetry as a filter > ereahet e
: M hettietal.’11
Chiral EFT P, ¥ sources euraeegv:esl. 212/.‘11
£ W dy/d, o) O (1) (1) O (1) O (1)
0
I\/IZCD I\/|2CD
25 W ody/d, oW O (1) 0[ > ] o(1)  O|—(
o o Q Q
T2 CHe dy/d, O{MéCD] 01 o Maco 0(1) of Meco
o Q° Q? Q?
S °H d/d,  om om ow  o@m O
+ specific relations Farley et al. 04

"d,+d,; 0.84(d,+d,) GEDM and 6 term .
sforage-ring measurements

d,—d,; 0'94(dn _dp) qEDM could teach us about sources!
| d, +d,; ; 3d, qCEDM and LRC

e.g.
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OE2B decay: an example

unless . Majorana neutrino mass m,: 0.leV =% M, : ¢;-10° GeV
B-L dim=5 = comparable to GUT scalel
exact "2 > MZ+2)+2e G Of47m) P -
nave coincidence?¢
dim analysis |

AL|=2

-1 2
2
(T]/(gv ﬂ)) X ‘m e.g. Haxton + Stephenson ‘84

nuclear matrix element effective Majorana mass
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\'/ bad news:

- Cl unknown
renorm LO parameter

e
1
d°l, | d°l, mZ In A
{ ~JOJ O T

Cirigliano, Dekens, De Vries, Graesser,
Mereghetti, Pastore + vK '18

Cirigliano, Dekens, De Vries, Graesser,
Mereghetti, Pastore, Piarulli, vK + Wiringa ‘19

TXXX-

u d d d d u

calculable with lattice QCD

Davoudi + Kadan 21
Davoudi et al. (NPLQCD Collab) ‘24



1
C, pp|a7| nn) same as eleciromagnetism for | =2

2

= L, . =K +%(cl+cz)[|\|%3N Nz,N —gNTTNgNTTN}

1 charge-independence

breaking in NN

+2G7m,, C, [V,;8Ce N'T'NNZ'N+H.c.|

)

multi-pion E&M interactions

can in principle separate C,,

Wu, Fleming, Mereghetti + vK,
in preparation

cf. pion-nucleus scaftering

Tsaran + Vanderhaeghen '24

phenomenological models  ab initio from chiral pofs

o a 68% confidence interval including €gm 1t b A
68% confidence interval including ggm and &yerr

68% confidence interval including €gm, Exerr and £op

8 68% confidence interval including €gm, Exert, €op and emsr | [
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. t
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Belley et al., Phys. Rev. Lett. 132 (2024) 182502
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nucleon decay into antilepton nuclear effects subleading

o OQosterhof, De Vries, Timmermans + vK ‘21
U(l)B—L gauge ¢ Davidson '79
Marshak + Mohapatra ‘80

anomaly cancelation - three right-handed neutrinos

light Z' gauge boson

102 .
E949‘ J -
. Bhupal Dev, Dutta, Mohapatra + Zhang,
ot {wwm«bm.\ JHEP 07 (2021) 166
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More generally,
coupling o
hypercharge:
mixing with Z, y

Holdom '86

U@), gauge
light Z, gauge boson

0.242; myz, =10 GeV
-0.00035 < €6' < 0.00003

Qweak
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< . PVDIS |
£ 0.234 1raee
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FIG. 6. The four-fold differential cross section for the
*H(p, e e*)*He process at 0.90 MeV incident proton energy
for the configuration in which the e and e~ momenta are
emitted at angles 0 =0 with respect to the incident proton
momentum, and as function of the difference A¢ = ¢’ — ¢.
The curves labeled S, P, V., and A show the results obtained
by including the exchange of a scalar, pseudoscalar, vector,
and axial X17, respectively. In all cases, we have taken
Mx =17 MeV and I'x from the decay in e~ e™, and have ad-
justed the coupling constants so as to reproduce the ATOMKI
3H(p, e~ e )*He data [10] at 6 = 6’ = 90°, rescaled as discussed
in the main text.

The calculations are based on the N3LO500/N2LO500
interactions and accompanying electromagnetic currents.

d*6/dQdQ’ [ub/sr’]

d'6/dQdQ’ [ub/sr’]

0.01

0.001

0.0001

le-05

0.001

0.0001

le-05

Viviani, Filandri, et al.,
Phys. Rev. C 105 (2022) 014001

I
L
1

ATOMEKI data (rescaled)
. 8
--— P

—_— -

T 1
<
I
|
==
Q

| |||||||
| Jllllll
I IIIIII|

IIIIIII| I|II.I.I|III| | L1 1110

90 120 150
Ad [deg]

90

120
A¢ [deg]

150

180



PHYSICAL REVIEW D 109, 095010 (2024)

Low-mass dark sector searches with deuteron photodisintegration

Cornelis J. G. Mommers®" and Marc Vanderhaeghen

Institut fiir Kernphysik and PRISMA" Cluster of Excellence, Johannes Gutenberg-Universitiit,
D-55099 Mainz, Germany

® (Received 7 July 2023; accepted 18 April 2024; published 10 May 2024)

Recent years have seen much activity in searches for dark-sector messenger particles in the 10100 MeV
mass range, especially in view of a potential new light boson conjectured by the ATOMKI Collaboration,
X17. Under the assumption that the messenger particle has definite parity and either zero or unit spin, quite
stringent bounds already exist on its coupling to electrons and protons. Equally stringent bounds on the
neutron coupling do not exist yet, but are nonetheless desirable. We explore how measurements of deuteron
photodisintegration with a quasifree neutron can yield bounds on the neutron coupling, and compute
projections for a potential measurement at the low-energy high-intensity electron scattering experiment
MAGIX@MESA. The projected bounds are found to be competitive for an axial-vector or pseudoscalar
scenario, but not for a vector or scalar scenario.

DOI: 10.1103/PhysRevD.109.095010

could be tackled

with ChiralEFT?
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Conclusion

EFT: a way to track SM and BSM interactions across scales

SM and BSM treated consistently in hadronic/nuclear EFTs matched 1o LQCD
Hadrons/nuclei: a tool to separate BSM interactions
B-L physics: a special opportunity

Much work to be done to account for the BSM zoo!
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