
PAC Jeopardy Issues
Not a summary:  Subset of talks



SoLID and Antiquarks

• Question: what will error be in 10 years?
• PDF corrections can be applied after the data is published.
• Involves extrapolation
• Light quarks:

• Present data: x<0.25
• SeaQuest: x<0.45

• Ratio of light sea to strange sea?
• If needed, do a low y experiment
• Cancels in 48Ca experiment



Low Mass Dark Light

Exploring Dark Parity at Future Colliders

• Polarized electron beam of the future electron ion collider (EIC) a potential probe
- Production of Zd in coherent Z2-enhanced electron-ion scattering

HD, Marcarelli, Neil, work in progress

• Precision on sin2 ✓W based on 40 ab�1 of “Chiral Belle” data: ±0.00018
- Approximately 70% longitudinally polarized electron beam; Q2 = (10.58 GeV)2

- Possible sensitivity [mostly invisible; Br(Zd ! `+`�) ⇠ 0.003]: |"�0| <⇠ 3⇥10�4 ) � sin2 ✓W <⇠ 5⇥10�4

From: S. Banerjee et al. [US Belle II Group and Belle II/SuperKEKB e-Polarization Upgrade
Working Group], 2205.12847
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Davoudiasl’s Plot

There is probably discovery space for SoLID, (caveat:  in the range M>10-30 Gev, effects on other
qbservabes should be checked.



High Mass Dark Light
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Constraints of new W mass versus PV

Using Cs value from Dzuba et al., Phys Rev Lett 109 (2012) 203003

Thomas and Wang, arXiv: 2205.01911

Issues
1. No study of other observables
2. Assumes new W mass undoes EWPO limits
3. Deserves a mention



Status of Anomalies in Standard Model Tests

Clues for BSM Physics??

1. W mass from CDF
2. g-2 
3. Lack of 𝜇-e universality in B decays

references therein]. Many of these hypotheses
include a source of dark matter, which is cur-
rently believed to comprise ~84% of the matter
in the universe (10) but cannot be accounted
for in the SM. Evidence for dark matter is pro-
vided by the abnormally high speeds of revo-
lution of stars at large radii in galaxies, the
velocities of galaxies in galaxy clusters, x-ray
emissions sensing the temperature of hot gas
in galaxy clusters, and the weak gravitational
lensing of background galaxies by clusters
[(13, 14) and references therein]. The additional
symmetries and fields in these extensions to
the SM would modify (15–24) the estimated
mass of theW boson (Fig. 1) relative to the SM
expectation (10) of MW ¼ 80;357 T 4inputs T
4theory MeV (25). The SM expectation is de-
rived from a combination of analytical rela-
tions from perturbative expansions on the basis
of the internal symmetries of the theory and a
set of high-precision measurements of observ-
ables, including the Z and Higgs boson masses,
the top-quark mass, the electromagnetic (EM)
coupling, and themuon lifetime,which are used
as inputs to the analytical relations. The un-
certainties in the SM expectation arise from
uncertainties in the data-constrained input
parameters (10) and from missing higher-
order terms in the perturbative SM calculation
(26, 27). An example of a nonsupersymmetric
SM extension is a modified Higgs sector that
includes an additional scalar field with no SM
gauge interactions, which predicts anMW shift
of up to ~100MeV (17), depending on themass
of the additional scalar particle and its inter-
actionwith the SMHiggs boson. A light (heavy)
additional scalar particle would induce a pos-
itive (negative) MW shift. Similar but smaller
shifts of 20 to 40 MeV have been calculated
in an extension that contains a second Higgs-
like field with the same gauge charges as
the SM Higgs field (18). Implications of very
weakly interacting new particles such as “dark

photons” (19), restoration of parity conserva-
tion in the weak interaction (20), the possi-
ble composite nature of the Higgs boson (21),
and model-independent modifications of the
Higgs boson’s interactions (22–24) have also
been evaluated.
Previous analyses (28–44) yield a value of

MW ¼ 80;385 T 15 MeV (45) from the combi-
nation of LargeElectron-Positron (LEP) collider
and Fermilab Tevatron collider measurements.
The ATLAS Collaboration has recently re-

portedameasurement, MW ¼ 80;370 T 19MeV
(46, 47), that is comparable in precision to the
Tevatron results. TheLEP, Tevatron, andATLAS
measurements have not yet been combined,
pending evaluation of uncertainty correlations.

CDF experiment at Tevatron

The Fermilab Tevatron produced high yields
ofW bosons from 2002 to 2011 through quark-
antiquark annihilation in collisions of protons
(p) and antiprotons (!p ) at a center-of-mass

CDF Collaboration et al., Science 376, 170–176 (2022) 8 April 2022 2 of 7

1Division of High Energy Physics, Department of Physics, University of Helsinki, FIN-00014, Helsinki, Finland. 2Helsinki Institute of Physics, FIN-00014, Helsinki, Finland. 3Istituto Nazionale di Fisica Nucleare,
Sezione di Padova, I-35131 Padova, Italy. 4University of Padova, I-35131 Padova, Italy. 5University of Michigan, Ann Arbor, MI 48109, USA. 6Fermi National Accelerator Laboratory, Batavia, IL 60510, USA.
7Laboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, Italy. 8Comenius University, 842 48 Bratislava, Slovakia. 9Institute of Experimental Physics, 040 01 Kosice, Slovakia.
10Waseda University, Tokyo 169, Japan. 11Joint Institute for Nuclear Research, Dubna RU-141980, Russia. 12Mitchell Institute for Fundamental Physics and Astronomy, Texas A&M University, College Station,
TX 77843, USA. 13Argonne National Laboratory, Argonne, IL 60439, USA. 14University of Oxford, Oxford OX1 3RH, UK. 15Center for High Energy Physics, Kyungpook National University, Daegu 702-701,
Korea. 16Seoul National University, Seoul 151-742, Korea. 17Sungkyunkwan University, Suwon 440-746, Korea. 18Korea Institute of Science and Technology Information, Daejeon 305-806, Korea. 19Chonnam
National University, Gwangju 500-757, Korea. 20Chonbuk National University, Jeonju 561-756, Korea. 21Ewha Womans University, Seoul 120-750, Korea. 22Ernest Orlando Lawrence Berkeley National
Laboratory, Berkeley, CA 94720, USA. 23Purdue University, West Lafayette, IN 47907, USA. 24The Johns Hopkins University, Baltimore, MD 21218, USA. 25Istituto Nazionale di Fisica Nucleare Pisa, I-56127
Pisa, Italy. 26University of Siena, I-53100 Siena, Italy. 27University of Pisa, I-56126 Pisa, Italy. 28University of Wisconsin-Madison, Madison, WI 53706, USA. 29Duke University, Durham, NC 27708, USA. 30The
Rockefeller University, New York, NY 10065, USA. 31Baylor University, Waco, TX 76798, USA. 32University of Rochester, Rochester, NY 14627, USA. 33University of Pittsburgh, Pittsburgh, PA 15260, USA.
34Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA. 35Istituto Nazionale di Fisica Nucleare Bologna, I-40127 Bologna, Italy. 36University of Bologna, I-40127 Bologna, Italy. 37Michigan
State University, East Lansing, MI 48824, USA. 38Glasgow University, Glasgow G12 8QQ, UK. 39Carnegie Mellon University, Pittsburgh, PA 15213, USA. 40Institut de Fisica d’Altes Energies, ICREA, Universitat
Autonoma de Barcelona, E-08193 Bellaterra (Barcelona), Spain. 41University College London, London WC1E 6BT, UK. 42University of Illinois, Urbana, IL 61801, USA. 43University of Florida, Gainesville, FL
32611, USA. 44Instituto de Fisica de Cantabria, CSIC-University of Cantabria, 39005 Santander, Spain. 45Istituto Nazionale di Fisica Nucleare Trieste, I-34127 Trieste, Italy. 46Harvard University, Cambridge,
MA 02138, USA. 47Gruppo Collegato di Udine, I-33100 Udine, Italy. 48University of Udine, I-33100 Udine, Italy. 49Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China. 50University of
California, Davis, Davis, CA 95616, USA. 51University of Geneva, CH-1211 Geneva 4, Switzerland. 52Wayne State University, Detroit, MI 48201, USA. 53University of Liverpool, Liverpool L69 7ZE, UK.
54University of Trieste, I-34127 Trieste, Italy. 55Centro de Investigaciones Energeticas Medioambientales y Tecnologicas, E-28040 Madrid, Spain. 56Istituto Nazionale di Fisica Nucleare, Sezione di Roma 1,
I-00185 Roma, Italy. 57National and Kapodistrian University of Athens, 157 71 Athens, Greece. 58University of New Mexico, Albuquerque, NM 87131, USA. 59Massachusetts Institute of Technology,
Cambridge, MA 02139, USA. 60University of Tsukuba, Tsukuba, Ibaraki 305, Japan. 61Tufts University, Medford, MA 02155, USA. 62University of Pennsylvania, Philadelphia, PA 19104, USA. 63The
Ohio State University, Columbus, OH 43210, USA. 64Yale University, New Haven, CT 06520, USA. 65Istituto Nazionale di Fisica Nucleare Pavia, I-27100 Pavia, Italy. 66University of Pavia, I-27100
Pavia, Italy. 67Sapienza Università di Roma, I-00185 Roma, Italy. 68Institut für Experimentelle Kernphysik, Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany. 69Osaka City University,
Osaka 558-8585, Japan. 70Scuola Normale Superiore, I-56126 Pisa, Italy. 71Okayama University, Okayama 700-8530, Japan. 72University of California, Los Angeles, Los Angeles, CA 90024, USA.
73Institution for Theoretical and Experimental Physics, ITEP, Moscow 117259, Russia.
*Corresponding author. Email: ashutosh.kotwal@duke.edu
†All listed authors are members of the collaboration. ‡Visitors’ institutions are listed in the supplementary materials. §Deceased.

Fig. 1. Experimental
measurements and
theoretical predictions
for the W boson mass.
The red continuous ellipse
shows the MW measurement
reported in this paper and
the global combination of top-
quark mass measurements,
mt ¼ 172:89 T 0:59 GeV (10).
The correlation between the
MW and mt measurements is
negligible. The gray dashed
ellipse, updated (16) from
(15), shows the 68% confi-
dence level (CL) region
allowed by the previous
LEP-Tevatron combination
MW ¼ 80;385 T 15 MeV (45)
and mt (10). That combina-
tion includes the MW mea-
surement published by CDF in
2012 (41, 43), which this
paper both updates (increasing MW by 13.5 MeV) and subsumes. As an illustration, the green shaded region
(15) shows the predicted mass of the W boson as a function of the top-quark mass mt in the minimal
supersymmetric extension (one of many possible extensions) of the standard model (SM), for a range of
supersymmetry model parameters as described in (15). The thick purple line at the lower edge of the green
region corresponds to the SM prediction with the Higgs boson mass measured at the LHC (10) used as
input. The arrow indicates the variation of the predicted W boson mass as the mass scale of supersymmetric
particles is lowered. The supersymmetry model parameter scan is for illustrative purposes and does not
incorporate all exclusions from direct searches at the LHC. unc., uncertainty.
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“Although these extensions could reconcile 
the SM with the larger W-boson mass, 
getting them to do so without causing 

inconsistencies with other predictions may 
prove nontrivial.”

H .Hill, Physics Today 

Should we use the ideas behind the Standard Model
to exclude BMS models?



SMEFT analysis dominates BSM motivation



Mention Leptophobic Z’

• Limited parameter space
• Cannot be ruled out.



Radiator function

Observed cross section:

Convolution of cross section ⌦ radiator functions

d�obs(P, q) =
Z

d3k
2k0

X

n

Rn(l , l 0, k) d�̂(0)
n (P, q � k)

Shifted kinematics
observed momentum transfer Q2 = �(l � l 0)2,
‹ shifted momentum transfer Q̃2 = �(l � l 0 � k)2

observed Bjorken x = Q2/2P · (l � l 0)
‹ shifted Bjorken x̃ = Q̃2/2P · (l � l 0 � k)
Use Q2 = xyS ‹ Q̃2 = x̃ ỹS

d�obs(x , Q2) =

Z 1

x
dx̃

Z y

0
dỹ

X

n

Rn(x , x̃ ; y , ỹ) d�̂(0)
n (x̃ , Q̃2)

d�̂(0)
n = theory prediction for cross section without radiation

(sometimes called “true” — a misnomer)
H. Spiesberger (Mainz) 29. 6. 2022 10 / 30

Internal Radiative Corrections: 



Properties of leptonic radiation

with partial fractioning, write: Rn(l , l 0, k) =
J

k · l
+

F
k · l 0

+
C
Q̃2

+ . . .

initial state radiation, k · l small for �(ein, �) ! 0

final state radiation, k · l 0 small for �(eout, �) ! 0

Compton peak, Q̃2 small for pT (eout) ' pT (�)

ISR, FSR: narrow peaks, width '
p

ml/El : collinear or mass singularities

upon angular integration: large logarithm / ↵

⇡
log

Q2

m2
e
' 10%

Note: additional large logarithms from experimental cuts / log
�E
Emax

For high precision: have to keep non-logarithmic terms

H. Spiesberger (Mainz) 29. 6. 2022 11 / 30

Cont.



INT Workshop “PVDIS at JLab 12 GeV and Beyond” 14

initial state radiation

final state radiation

Q2_vertex vs. W_vertex for 6 GeV that 

includes only internal radiations

(Djangoh simulation)

simulation from 6 GeV (both int and ext 

radiation), barely any seen for final state 

radiation (note that this is a linear z plot), 

or could it be that initial state radiation 

dominates for fixed-target experiments 

(due to extended target material)? 

Example of Rn

Peaking approximation looks OK for 
evaluation of errors due to cross sections

and asymmetries



Plan for Radiative Corrections

• External
• Cross section and A errors dominate: experimental

• Internal
• Cross section and A errors dominate: experimental

• Loops
• Integrals go to low Q2 corrections: need work; probably OK
• Effects of diagrams with different quarks: difficult, but effect is probably small

• Higher order
• Can be done by theorists with some effort



Theory Errors (Hobbs)
Many corrections

Theorists are aware of them
Do not expect them to dominate

Do not belong in experimental budget



Motivation for d/u by Accardi (also Thia)

PVDIS and EW @ JLab and beyond- 16 June 2022accardi@jlab.org

● Global QCD analysis is a powerful tool:

⟶ d/u, nuclear dynamics, parton correlations, CSV

⟶ PVDIS still relevant in BONuS 12 / Marathon era !!

Need half a honeycomb, at least!

3333

W asym, PVDIS p, 
𝜈 DIS, e++p

tagged DISDIS on D

d/u
& nucl dyn.

 & Higher Twists

MARATHON
3He/3H

PVDIS on D

CSV
BSM

Consensus is that PVDIS with protons is even  more important


