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Low-energy precision tests: complementarity to the LHC 

Naively: to feel heavy new particles need to operate at comparable energy

High-precision measurements introduce a new scale (example: EW Observable)

 

Typical reach of modern precision experiments ~ 50 TeV (competitive to colliders) 

Low-energy probes work like filters: study a restricted parameter space of  
New Physics models (complementary to colliders) SMEFT: 2499 6D Op’s 

JRA3 guides global effort in (g-2)µ, CKM unitarity tests, PVES

ΛNP ∼ vEW
[Obs]

Δ[Obs]
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Highlights since last annual meeting

Reformulation of SM theory of Vud from beta decay
CKM unitarity deficit 2.5σ with nuclear decays 
Neutron decay: no unitarity deficit, comparable precision if discrepancies resolved 
Revival of interest to nuclear corrections, new synergies (PVES - CKM unitarity)

FNAL muon g-2 experiment: Runs 2/3 confirm Run 1 and BNL 
5.1σ discrepancy with SM theory that uses world-data driven HVP 
but just 1σ when SM theory uses lattice QCD or CMD-3 low-energy data

MUonE experiment test run 
study of HVP in spacelike alternative and complementary to R-ratio
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CKM unitarity in the top row
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Cabibbo unitarity: deficit observed; discrepancies?
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Nuclear corrections:  
theory (+ PVES exp!)

Experiment:  
Beam - Bottle discrepancy

Kℓ3 : � Vud � = 1 − � Vus �2

Kμ2 : � Vud � = 1/ 1 + � Vus /Vud �2

Experiment (+ theory?)

Cold neutrons live longer than UCN 
Kl2 and Kl3 disagreement (via Vud)

|Vud |2 + |Vus |2 + |Vub |2 − 1 = − 0.0015(6)Vud
(4)Vus

∼ 10−5∼ 0.95 ∼ 0.05
with uncertainty entirely dominated by the branching frac-
tion [24] (the subleading errors refer to the pion lifetime ⌧⇡, ra-
diative corrections [25, 27], and the phase-space factor, whose
uncertainty mainly arises from the pion mass di↵erence). A
competitive determination requires a dedicated experimental
campaign, as planned at the PIONEER experiment [28].

The best information on Vus comes from kaon decays, K`2 =
K ! `⌫` and K`3 = K ! ⇡`⌫`. The former is typically ana-
lyzed by normalizing to ⇡`2 decays [29], leading to a constraint
on Vus/Vud, while K`3 decays give direct access to Vus when the
corresponding form factor is provided from lattice QCD [30].
Details of the global fit to kaon decays, as well as the input
for decay constants, form factors, and radiative corrections, are
discussed in Sec. 2, leading to

Vus

Vud

�����
K`2/⇡`2

= 0.23108(23)exp(42)FK/F⇡ (16)IB[51]total,

VK`3
us = 0.22330(35)exp(39) f+ (8)IB[53]total, (7)

where the errors refer to experiment, lattice input for the matrix
elements, and isospin-breaking corrections, respectively. To-
gether with the constraints on Vud, these bands give rise to the
situation depicted in Fig. 1: on the one hand, there is a ten-
sion between the best fit and CKM unitarity, but another ten-
sion, arising entirely from meson decays, is due to the fact that
the K`2 and K`3 constraints intersect away from the unitarity
circle. Additional information on Vus can be derived from ⌧
decays [31, 32], but given the larger errors [33, 34] we will
continue to focus on the kaon sector.

The main point of this Letter is that given the various ten-
sions in the Vud–Vus plane, there is urgent need for additional
information on the compatibility of K`2 and K`3 data, especially
when it comes to interpreting either of the tensions (CKM uni-
tarity and K`2 versus K`3) in terms of physics beyond the SM
(BSM). In particular, the data base for K`2 is completely dom-
inated by a single experiment [35], and at the same time the
global fit to all kaon data displays a relatively poor fit quality.
All these points could be scrutinized by a new measurement of
the Kµ3/Kµ2 branching fraction at the level of a few permil, as
possible at the NA62 experiment. Further, once the experimen-
tal situation is clarified, more robust interpretations of the en-
suing tensions will be possible, especially regarding the role of
right-handed currents both in the strange and non-strange sec-
tor. To make the case for the proposed measurement of the
Kµ3/Kµ2 branching fraction, we first discuss in detail its impact
on the global fit to kaon data and the implications for CKM uni-
tarity in Sec. 2. The consequences for physics beyond the SM
are addressed in Sec. 3, before we conclude in Sec. 4.

2. Global fit to kaon data and implications for CKM uni-
tarity

The current values for Vus and Vus/Vud given in Eq. (7) are
obtained from a global fit to kaon decays [36–39], updated
to include the latest measurements, radiative corrections, and
hadronic matrix elements. In particular, the fit includes data on
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Figure 1: Constraints in the Vud–Vus plane. The partially overlapping vertical
bands correspond to V0+!0+

ud (leftmost, red) and Vn, best
ud (rightmost, violet). The

horizontal band (green) corresponds to VK`3
us . The diagonal band (blue) corre-

sponds to (Vus/Vud)K`2/⇡`2 . The unitarity circle is denoted by the black solid
line. The 68% C.L. ellipse from a fit to all four constraints is depicted in yel-
low (Vud = 0.97378(26), Vus = 0.22422(36), �2/dof = 6.4/2, p-value 4.1%),
it deviates from the unitarity line by 2.8�. Note that the significance tends to
increase in case ⌧ decays are included.

KS decays from Refs. [40–46], on KL decays from Refs. [47–
58], and on charged-kaon decays from Refs. [35, 59–72]. Since
we focus on the impact of a new Kµ3/Kµ2 measurement, e.g.,
at NA62, we reproduce the details of the charged kaon fit in
Table 1, where, however, the value for Vus from K`3 decays in-
cludes the results obtained for all decay modes, accounting for
correlations among them. The extraction of Vus from K`3 de-
cays requires further input on the respective form factors, which
are taken in the dispersive parameterization from Ref. [73], con-
strained by data from Refs. [74–80]. This leaves form-factor
normalizations, decay constants, and isospin-breaking correc-
tions in both K`2 and K`3 decays.

For K`2 we follow the established convention to consider the
ratio to ⇡`2 decays [29] (pion lifetime [64, 81–85] and branch-
ing fraction [86–89] are taken from Ref. [3]), since in this ratio
certain structure-dependent radiative corrections [90, 91] cancel
and only the ratio of decay constants FK/F⇡ needs to be pro-
vided. We use the isospin-breaking corrections from Ref. [92]
together with the Nf = 2 + 1 + 1 isospin-limit ratio of de-
cay constants FK/F⇡ = 1.1978(22) [93–96], where this aver-
age accounts for statistical and systematic correlations between
the results, some of which make use of the same lattice en-
sembles. For K`3 decays we use the radiative corrections from
Refs. [97–99] (in line with the earlier calculations [100, 101]),
the strong isospin-breaking correction �SU(2) = 0.0252(11)
from Refs. [100, 102] evaluated with the Nf = 2 + 1 + 1 quark-
mass double ratio Q = 22.5(5) and ratio ms/mud = 27.23(10),

2

Kℓ2/πℓ2Kℓ3
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−
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→

pe
ν

Superallowed nuclear decays: 
Nuclear theory uncertainties increased
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e−ν̄e

n → N* → p

Marciano, Sirlin 2006:  —> ΔV
R = 0.02361(38) |Vud | = 0.97420(10)Ft(18)RC

DR (Seng et al. 2018):  —> ΔV
R = 0.02467(22) |Vud | = 0.97370(10)Ft(10)RC

Confirmed by first ever direct LQCD calculation 
LQCD on pion + pheno: 
LQCD on neutron:

Seng, MG, Feng, Jin, 2003.11264
ΔV

R = 0.02477(24)LQCDπ+pheno Yoo et all, 2305.03198
ΔV

R = 0.02439(19)LQCDn Ma, Feng, MG et al 2308.16755

Universal correction ΔV
R

-box: main source of theory uncertainty since 40 years 
JRA3: -box from dispersion relations (DR) + lattice
γW

γW

Equally affects free and bound neutron decay

ΔV
R =

α
2π {3 ln

MZ

Mp
+ ln

MZ

MW
+ ãg} + δHO

QED+2 □γW
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Nuclear structure correction δNS = 2[ □VA, nucl
γW − □VA, free n

γW ]

Nuclear environment, nuclear excitation spectrum, … 

Until 2024: only calculated in nuclear shell model; 
Free-n box subtraction implicit, uncertainties ad-hoc

e−ν̄e

Ai → A* → Af

e−ν̄e

n → N* → p

2024: First ab-initio calculation of  
First case study:  in No-Core Shell Model (NCSM) 
Many-body problem in HO basis with separation  and up to  
Nuclear interactions from chiral EFT (NN-N4LO+3NInI ,NN-N4LO+3N*InI) 
DR formalism to make the free-n box subtraction explicit

δNS
10C → 10B

Ω N = Nmax + NPauli

M. Gennari, M. Drissi, MG, P. Navratil, C.-Y. Seng, arXiv: 2405.19281
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Nuclear structure correction : numerical resultsδNS

30

Numerical results

From “res,T
3
” From “res,T

3
”

➢ “res,T
3
” contribution is numerically the largest

➢ Different nuclear forces cause substantial re-distribution
between different contributions, but small change to the sum

33

Fast convergence with increasing N
max

→ Intruder states are not an issue 

Check Ω-independence and convergence w.r.t. N
max 

:

Natural in EFT language; see Wouter Dekens’ talk

%

Systematic uncertainty:  
compare different nuclear forces 

Convergence (basis size) OK

δNS = − 0.406(39) %
Ab-initio result for :10C → 10B

δNS = − 0.347(35) %

δNS = − 0.400(50) %

Compare to Hardy-Towner (old-fashion SM)

(2014)
(2020)

arXiv: 2405.19281
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Isospin-breaking correction δC

Coulomb repulsion of protons, but not neutrons  
—> isospin symmetry broken (0.1-1%) 
Until now purely theoretical, but model dependence

L. XAYAVONG AND N. A. SMIRNOVA PHYSICAL REVIEW C 97, 024324 (2018)
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FIG. 1. Isospin-symmetry breaking correction δC obtained from
different models: shell model with WS radial wave functions (SM-
WS) [2,4,5], shell model with HF wave functions (SM-HF) [6,7],
J (T )-projected HF theory with two different Skyrme functionals (SV-
DFT and SHZ2-DFT) [9], relativistic RPA (RHF-RPA and RH-RPA)
[10], isovector monopole resonance theory (IVMR) [11], and the
Damgaard model [12].

added to a relativistic Hartree or Hartree-Fock (HF) calculation
was used by Liang et al. [10]. In addition, Auerbach [11] uses a
model where the main isospin-symmetry-breaking effects are
attributed to the isovector monopole resonance. The last two
results are again systematically lower than the shell-model or
J (T )-projected HF values. For completeness, we show also an
earlier estimation of the correction using perturbation theory
on the basis of individual harmonic-oscillator wave functions
by Damgaard [12]. It is clear that all these calculations have a
significant spread in the obtained values of δC , thus raising the
question of credibility of the results.

The values for δC tabulated by Towner and Hardy in Ref. [1]
excellently support both the CVC hypothesis over the full range
of Z values and the top-row unitarity of the CKM matrix.
However, this agreement is not sufficient to reject the other
calculations, since these aspects of the standard model have
to be confirmed experimentally. The validity of CVC does not
constrain the absolute F t value. The disagreement between
model predictions and the importance of the issue motivated
us to reexamine this correction in a consistent approach based
on the nuclear shell model.

Within the shell model, the eigenproblem is solved by con-
struction and diagonalization of the Hamiltonian matrix using
a Slater determinant spherical harmonic-oscillator basis. The
eigenstates are thus given in terms of linear combinations of
many-body basis states. In order to describe isospin-symmetry
breaking effects, the many-body Hamiltonian should contain
Coulomb and charge-dependent terms of nuclear origin. If
the eigenproblem is solved in a sufficiently large A-body
basis of many harmonic-oscillator shells, the eigenvectors
can be used to compute a realistic Fermi matrix elements,
as, for example, has been done for 10C in the no-core shell
model with 3N forces included [13]. However, for heavier
nuclei, calculations are feasible only in restricted model spaces,
containing one or two harmonic-oscillator shells beyond a
closed-shell core. Effective isospin-nonconserving interaction
introduces the isospin-symmetry breaking in the mixing of

various harmonic-oscillator configurations within the model
space. In addition, calculation of transition matrix elements
involves radial integrals which should be computed using real-
istic spherically symmetric proton and neutron wave functions,
obtained from a finite-range potential with a Coulomb term.
The protons in a parent nucleus are less bound than the neutrons
in a daughter nucleus because of the Coulomb repulsion. Since
the model space is restricted to a single oscillator shell, in
practice the only way to deal with the problem is to replace the
harmonic-oscillator radial wave functions by single-particle
wave functions obtained from a realistic spherically symmetric
mean-field potential. This accounts for the isospin-symmetry
breaking effects beyond the valence space. Thus, there are
two sources of the deviation of the Fermi matrix element
from its model-independent value: one is from the effective
charge-dependent Hamiltonian and the other is from the radial
mismatch of proton and neutron single-particle wave functions.
It will be shown below that, within the first-order perturbation
theory, the correction δC can be expressed as a sum of two
terms corresponding to the two sources of isospin-symmetry
breaking mentioned above.

The present study focuses on the radial mismatch between
proton and neutron single-particle wave functions, which
represents the main contribution to the nuclear structure
correction to the Fermi matrix element. Currently, two types
of a mean-field potential are considered in this respect. The
first one is the phenomenological WS potential including a
central, a spin-orbit, and an electrostatic repulsion term. A
series of calculations using this potential has been carried
out by Towner and Hardy [2,4]. These authors adjusted case-
by-case the depth of the volume term or added an additional
surface-peak term to reproduce experimental proton and neu-
tron separation energies. In addition, they adjusted the length
parameter of the central term to fix the charge radii of the
parent nuclei. The second type of a mean-field potential is
that obtained from self-consistent HF calculations using a
zero-range Skyrme force, as was first proposed by Ormand
and Brown in 1985 [14] and refined in the subsequent papers
[6,7].

The results obtained from both types of mean-field potential
are equivalently in good agreement with the CVC hypothesis;
however, the δC values from Skyrme-HF calculations are con-
sistently smaller than those obtained from the WS calculations.
This discrepancy was thought to be due to the insufficiency of
the Slater approximation for treating the Coulomb exchange
term. Towner and Hardy highlighted that the asymptotic
limit of the Coulomb potential in the Slater approximation is
overestimated by one unit of Z. To retain this property, they
proposed a modified HF protocol [5], namely they performed
a single calculation for the nucleus with (A − 1) nucleons
and (Z − 1) protons and then used the proton and the neutron
eigenfunctions from the same calculation to compute the radial
overlap integrals. Their result leads to a significant increase of
the corresponding correction to the Fermi matrix element and
provides a better agreement with the values obtained with WS
radial wave functions. However, we warn that such a method
is rooted in Koopman’s theorem, which is not fully respected
by the HF calculations, in particular with a density-dependent
effective interaction.

024324-2

JRA3: data-driven approach! Relate  to nuclear radii: known or measurableδC
Seng, MG 2208.03037; 2304.03800; 2212.02681

0+, T = 1, Tz = − 1
0+, T = 1, Tz = 0

0+, T = 1, Tz = 1
RCh,−1 RCh,0

RCh,1

RCW
RCW

Superallowed decays within iso-triplet 
Isospin symmetry connects 3 charge radii, 
transition CC radius and neutron skins

Experimental plans:  
neutron skins of stable 0+ isotopes 26Mg, 54Fe, … at MESA (synergy with nuclear EoS) 
Charge radii with µ atoms (9,10Be, 26Al,Mg, 40,41K) at PSI (MuX, QUARTET)



Muon g-2



Run-2/3 Result: FNAL + BNL Combination

aμ(FNAL) = 116 592 055(24) x10-11 [203 ppb] 

aμ(Exp) = 116 592 059(22) x 10-11 [190 ppb] 

• FNAL combination: 
203 ppb uncertainty

• Both FNAL and BNL 
dominated by 
statistical error

• Combined world 
average dominated 
by FNAL values.

14

[215 ppb] (25) 

[463 ppb] (54) 

[203 ppb] (24) 

[190 ppb] (22)

[540 ppb] (63)

G. Venanzoni, Hadron WS, LNF 19 June  2024

(..) = 10-11
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FNAL E-989 (g-2)µ experiment runs 2-3
Talk by Graziano Venanzoni on Wednesday

Run-2/3 Uncertainties

• Total uncertainty is 215 ppb

Systematic uncertainty of 70 ppb surpasses 
our proposal goal of 100 ppb!

• Near-equal improvement: We’re still 
statistically dominated

[ppb] Run-1 Run-2/3 Ratio
Stat. 434
Syst. 157

[ppb] Run-1 Run-2/3 Ratio
Stat. 434 201
Syst. 157

[ppb] Run-1 Run-2/3 Ratio
Stat. 434 201
Syst. 157 70

[ppb] Run-1 Run-2/3 Ratio
Stat. 434 201 2.2
Syst. 157 70 2.2

13G. Venanzoni, Hadron WS, LNF 19 June  2024

Systematic uncertainty:
 
70 ppb exceed 
100 ppb in the proposal

<latexit sha1_base64="QyFJJuJUqHjrqchyTzRNY2LZ1AM="></latexit>

aHVP,LO
µ =

↵2

3⇡2

Z 1

sth

K(s)

s
R(s)ds

HVP Calculation: Dispersive (e+e−) Method

• Calculated from data for σ(e+e−→ hadrons)

• Uses data from different experiments from 20+ years

• 1/s weights low energy strongly: 73% from π + π − channel

Analyticity & Unitarity Hadronic R-ratio
(Data Driven)

~

Keshavarzi, Nomura, Teubner: Priv. Comm. 

inc. in 
wp20

NOT inc. 
in wp20

• New results from SND2k and 
CMD-3 after wp20

• CMD-3 is different from all the 
other data

• Data from CMD-2, SND, KLOE, 
BaBar, BESIII and CLEO-C were 
included in wp20

17G. Venanzoni, Hadron WS, LNF 19 June  2024

! " = $! %"%# → ' → ()*+,-"
./0$/2"

K(s) ~1/s

-"#$%;'( = 6931 40 × 10)** 0.6% (wp20)
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(g-2)µ SM theory and the role of JRA3

QED Weak

Precisely known Large uncertainty

Hadronic contribution

HLbL
HVP

Theory Initiative (wp20): 
T. Aoyama et al. Phys. Rept. 887 (2020)

SM Prediction in 2020=

SM prediction:

HVP based on e+e- hadronic cross 
section data

RUN1 result
(2021)

THEORY
(wp20)

4.2 s

16
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QED Weak

Precisely known Large uncertainty

Hadronic contribution

HLbL
HVP

Theory Initiative (wp20): 
T. Aoyama et al. Phys. Rept. 887 (2020)

SM Prediction in 2020=

SM prediction:

HVP based on e+e- hadronic cross 
section data

RUN1 result
(2021)

THEORY
(wp20)

4.2 s

16
G. Venanzoni, Hadron WS, LNF 19 June  2024

JRA3 and the  
Muon g-2 Theory Initiative: 

Coordinated the global effort  
for the SM prediction 

Especially important in view of 
- conflicting data sets 
- conflicting calculations 
- necessity to define theory 

uncertainty
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Data-driven HVP for (g-2)µ
<latexit sha1_base64="QyFJJuJUqHjrqchyTzRNY2LZ1AM="></latexit>
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in wp20

• New results from SND2k and 
CMD-3 after wp20
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• Data from CMD-2, SND, KLOE, 
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Lattice QCD HVP for (g-2)µ

• Ab-initio calculation of HVP on lattice

HVP Calculation: Lattice QCD Method

NOT 
inc. in 
wp20

inc. in 
wp20

• All lattice 
calculations were 
not included in 
wp20

• BMW is only high 
precision 
calculation: closer 
to exp. Result

G. Colangelo et al. 
https://arxiv.org/pdf/2203.15810.pdf

18G. Venanzoni, Hadron WS, LNF 19 June  2024

Comparison with SM prediction (2023)

Comparison 
with wp20

New results 
after 2020

Disclaimer: prediction from 
Lattice taken from Lattice 2023 
talk; prediction from CMD3 
based on our specific 
assumption

• Comparison of FNAL Run1-3  result with the Theory Initiative’s calculation wp20 is at 
5 sigma

• Waiting for a clarification of the theory
19G. Venanzoni, Hadron WS, LNF 19 June  2024

CMD-3, BMW HVP alone: 
~ no anomaly
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Prospects for (g-2)µ

Data from Run-4/5/6 
fully produced and 
analysis making 
good progress
With more than 21x 
BNL statistics on 
tape we will likely 
surpass total 
precision of 140ppb 

analyzed
analysis in progress

~25% tot stat

~75% tot stat

Prospects: Experiment

published

~25% of total statisics

analysis in progress

~75% of total statisics

Plan to publish result of the full dataset in 2025 with twice improved 
statistical precision

G. Venanzoni, Hadron WS, LNF 19 June  2024

Experiment: all data taken

Full analysis in 2025 with 1/2 statistical 
error for 140 ppb total uncertainty

Prospects: Theory: HLbL

WP update: expect (cf. lattice results) some upward shift of central value,
precision < 15%

Two main approaches:
• Dispersion relations
• Lattice simulations

QCD contribution: HLbL

(wp2020)

G. Venanzoni, Hadron WS, LNF 19 June  2024

Theory: further effort on HLBL



Deliverables, Milestones 
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PART B – Section 3. Implementation 

63 
STRONG-2020 

short baseline neutrino experiments. Task 1.3 - EW Boxes: (Mainz, UMass) Weak MAID will be embedded in a 
dispersive calculation of the γZ-box RC for PVES and γW-box RC to beta decay. We will give calculations for a 
single nucleon (PVES experiment P2@MESA and free neutron decay, respectively) and nuclear targets (PVES 
experiment C12@MESA and superallowed nuclear beta decay). They will allow analyzing the precision tests of the 
SM for the running of the weak mixing angle and the CKM matrix element Vud and CKM unitarity. 
Task 2: Hadronic effects in precision tests of the electromagnetic sector of the Standard Model 
We will coordinate efforts of EU researchers working on hadronic contributions to (g-2)μ by organizing meetings 
and by contributing to DOE Muon g-2 Theory Initiative white books which are scheduled in parallel with 
anticipated Fermilab results with increased precision. In particular we will provide a data base for low energy 
hadronic processes relevant to (g-2)μ. T2.1 - HVP: Compilation of an annotated database for low-energy hadronic 
cross sections in e+e- collisions. The database will contain information about the reliability of the data sets, their 
systematic errors, and the treatment of RC. This project is supported by the Particle Data Group at the IPPP 
Durham (UU, INFN-Pisa, UL, USlaski, BINP, Mainz, LAL UPS).  Feasibility studies for the spacelike HVP 
determination by developing methods for RC and multiple scattering effects with new level of precision. T2.2 - 
HLbL: On the experimental side this subtask includes preparation of knowledge data base on the differential cross 
sections for the production and decay processes of mesons and production of meson pairs relevant to HLbL. On the 
theory side various contributions to (g-2)μ will be studied to see how they depend on the experimental constraints. 
This will be done using a variety of methods concentrating on Euclidean methods (Lund, Giessen) and dispersive 
constraints (Mainz, Bern). The groundwork for a new comprehensive analysis of the HLbL including the study of 
all theoretical asymptotic constraints and double counting issues at boundaries and between different types of 
contributions (Lund, Giessen, Barcelona, Marseille, Bucarest, LPHNE) will be laid. This will include comparison 
with lattice QCD, meson form factors, and other processes with off-shell photons. Meson transition form factors 
and hadronic decays will be studied theoretically (UBO, UU, Lund, Prague, Orsay, Bern, Mainz, UAB, FZJ).  
Deliverables (brief description and month of delivery) 
D21.1-Electroweak MAID (month 18). For weak π,η production will be made accessible on the existing MAID 
website, and computer code provided for download. This deliverable is also the Milestone 1, and will serve as input 
for Milestone 3, new QS MC event generator. The formalism will be extended to kaon and multi-pion channels and 
to nuclear targets, and will be directly applicable to the conditions of the actual short baseline neutrino experiments.  
D21.2-Report on spacelike HVP in muon-electron scattering at CERN vs timelike HVP (month 24). We will 
organize a workshop on this topic, the Milestone 2.  
D21.3-Report on hadronic corrections to precision tests in the weak sector (month 48). It will incorporate the 
results of this package to update EW boxes for extracting WMA from PVES, Vud from E-decay, and neutrino 
oscillation parameters from short baseline experiments. 
D21.4- Database on hadronic processes relevant for HVP and HLbL (month 48). It will allow updating the 
hadronic contributions to the muon g-2 which we will include in the Muon g-2 theory report. A close cooperation 
with one of the two Virtual Access projects within this proposal will be beneficial for this task.  
To monitor the progress and enhance networking amongst the consortium throughout the funding period we plan to 
organize 3 workshops common for T1 and T2. 
 
Work package number 22 Lead Beneficiary Istituto Nazionale di Fisica Nucleare 
Work package title JRA4-3D structure of the nucleon in momentum space (TMD-neXt) 
Participant number 30 18 24 21 39 1 33 32  
Short name of participant INFN UCM CEA UPV-EHU LIP CNRS RUG UoM 
Person-months per participant: 29 1 0 6 0 0 6 6 
Start month 1 End month 48 
Objectives  
The exploration of the internal structure of hadrons is one of the core missions of hadronic physics. TMD-neXt will 
join together a network of experimentalists and theorists with the aim of mapping the distributions of partons 
inside hadrons in momentum space, including their dependence on spin. The complete three-dimensional 
information on these distributions is encoded in Transverse-Momentum Dependent Parton-Distribution Functions 
(TMD PDFs). In experimental observables, they are often combined with Transverse-Momentum Dependent 
Fragmentation Functions (TMD FFs). During the last ten years, pioneering advances have opened up a broad vision 
of this multidimensional landscape. The time has come to sharpen this vision and make a transition from an 
exploration phase to a precision phase. TMD-neXt will open the way to the next-generation extractions of 
Transverse-Momentum Distributions (TMDs). 
 In the envisaged four years’ running of the work package, we will lay the cornerstones for precision mapping of 
partonic structure in momentum space. In terms of concrete objectives, TMD-neXt plans to: 

- increase the amount of data available for TMD studies,  
- test the validity and limits of applicability of the TMD framework, 

What we promised

Deliverables
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observables 
MS29 Readiness of the theory database prototype 18 16 Available on website 
MS30 Prototype of tool for data-theory comparison 18 24 Available on website 
MS31 Draft of strategy paper for Run 3 18 25 Draft ready for revision 
MS32 Kick-off 19 4 The roadmap exists and the website is up and running  
MS33 Publication 19 24 A first publication from at least two collaborations is 

submitted to a peer-reviewed journal 
MS34 Code for full simulation in ALICE 20 27 Software released 
MS35 Code for full simulation in LHCb 20 15 Software released 
MS36 Gas target and detector setup ready for gas polarisation and 

dissociation studies 
20 27 Up and running 

MS37 Weak MAID 21 18 Website up and running 
MS38 HVP space- vs timelike HVP workshop 21 24 Book of abstracts 
MS39 New QS production MC event generator 21 42 Software released and validated 
MS40 Database for hadronic processes relevant to HVP and HLbL 21 42 First version of the website up 
MS41 Optimization of  COMPASS setup for polarized deuteron run 22 21 COMPASS ready to start data taking 
MS42 Implementation of polarized target at CLAS12 22 15 Polarized target up and running 
MS43 Check compatibility of TMD framework with data (especially 

sign-change of Sivers function) 
22 30 Compatibility of TMD fits with data 

MS44 Completion of TJNAF Hall-A DVCS, and Hall-B TCS and 
nDVCS analyses 

23 12/24/36 Arxiv publication/ Conference presentation and/or analysis 
note 

MS45 Publication of COMPASS t dependence for DVCS and S0 cross 
sections 

23 24 Published paper 

MS46 Construction of ALERT, NPS, and FT-hodoscope electronics 23 24/48 TDR/prototype (DEM) 
MS47 Models for several classes of GPDs and published studies of 

GPD-related observables 
23 36 Published papers 

MS48 EIC PID and tracking design  24 18 Report available 
MS49 IBF-stopping device prototypes constructed 24 15 Up and running 
MS50 EIC RICH photon detector prototype assembled  24 36 Ready for beam 
MS51 First functional tests of the EIC DMAPS chip 24 31 Chip can be powered and responds as expected 
MS52 Topical Workshop on Theoretical aspects of Hadron 

Spectroscopy and Phenomenology (IFIC). Tasks 1 and  2 
25 9 Web site 

MS53 Topical Workshop on Experimental Aspects of Hadron 
Spectroscopy and Phenomenology (UEdin). Tasks 3 and 4 

25 18 Web site 

MS54 General Workshop on Hadron Spectroscopy and 
Phenomenology (TUM) Tasks 1, 2, 3 and 4 

25 28 Workshop proceedings 

MS55 School on Hadron Spectroscopy and Phenomenology 25 38 School proceedings 
MS56 CdTe crystal characterized 26 8 Measurements  
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Deliverables

Milestones

What we delivered
Deliverable No Deliverable Name Nature Delivered Month Link/Reference

D21.1 WeakMAID Website Website 36 https://wwwth.kph.uni-mainz.de/
weakmaid/

D21.2
Report on Spacelike HVP in 
MuonE at CERN vs timelike 
HVP

Report 13 Phys.Rept.887 (2020) 1-166

D21.3
Report on hadronic 
corrections to precision 
tests of SM in weak sector

Report 53
Universe 9 (2023) 422
Ann.Rev.Nucl.Part.Sci. 74 (2024) 
23-47

D21.4
Database on hadronic 
processes relevant for HVP 
and HLbL

Website 42 https://precision-sm.github.io/

Milestone No Deliverable Name Delivered Means of verification

MS37 WeakMAID Website YES Website up and running

MS38 HVP space- vs timelike 
HVP workshop YES Book of abstracts

MS39
New 𝜈π production MC 
event generator NO (Software validated and 

released)

MS40
Database on hadronic 
processes relevant for HVP 
and HLbL

YES First version of website up

https://precision-sm.github.io/

https://wwwth.kph.uni-mainz.de/weakmaid/
https://precision-sm.github.io/
https://precision-sm.github.io/
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Summary

JRA3: significant progress in precision tests of EW sector of SM 

Overachieved in several tasks  

One objective had to be dropped (insufficient manpower) 

Outlook for next call: 
Current discrepancy in HVP has to be resolved to interpret (g-2)µ exp. 
Precise determination of weak mixing angle and neutron skins 
Rich program in beta decay, Vud, Vus and CKM unitarity 
Improved experimental precision requires coordinated theory support


