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$ Hadronic resonant contributions
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New insights into the nucleon’s electromagnetic structure

Yong-Hui Lin,! Hans-Werner Hammer,% 3 and Ulf-G. Meifiner’ 4 °

! Helmholtz Institut fir Strahlen- und Kernphysik and Bethe Center
for Theoretical Physics, Universitat Bonn, D-53115 Bonn, Germany
2 Technische Universitit Darmstadt, Department of Physics, 64289 Darmstadt, Germany
3 ExtreMe Matter Institute EMMI and Helmholtz Forschungsakademie Hessen fiir FAIR (HFHF),
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
4 Institute for Advanced Simulation and Institut fir Kernphysik,
Forschungszentrum Julich, D-52425 Julich, Germany
° Thilisi State University, 0186 Tbilisi, Georgia
(Dated: September 28, 2021)

We present a combined analysis of the electromagnetic form factors of the nucleon in the space-
and timelike regions using dispersion theory. Our framework provides a consistent description of
the experimental data over the full range of momentum transfer, in line with the strictures from
analyticity and unitarity. The statistical uncertainties of the extracted form factors are estimated
using the bootstrap method, while systematic errors are determined from variations of the spec-
tral functions. We also perform a high-precision extraction of the nucleon radii and find good
agreement with previous analyses of spacelike data alone. For the proton charge radius, we find
rP = 0.84010 005 T 0005 fm, where the first error is statistical and the second one is systematic. The
Zemach radius and third moment are in agreement with Lamb shift measurements and hyperfine
splittings. The combined data set of space- and timelike data disfavors a zero crossing of u,G% /G,
in the spacelike region. Finally, we discuss the status and perspectives of modulus and phase of
the form factors in the timelike region in the context of future experiments as well as the onset of

perturbative QCD.
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Off-shell form factor:

F /V(p/Q) — 1 -
PP 1+ (p'2 — m2)2/A4 with 1 GeV <A, <2 GeV

controls off-shell behaviour of intermediate proton

Fi(k™, p) = Fppv (p) x Fi(k7)
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Where/how do we produce dark photons in proton-proton
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' Additional Production Modes?
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Implementation of Angularly Ordered Electroweak
Parton Shower in Herwig 7

M.R. Masouminia,® P. Richardson®®

@ Institute for Particle Physics Phenomenology, Durham University, Durham, UK
NN b Theoretical Physics Department, CERN, Switzerland Herwig 7

E-mail: mohammad.r.masouminia@durham.ac.uk,

@
“ /. ‘ . ‘ . ‘ . . peter.richardson@durham.ac.uk T —

‘ ABSTRACT: We discuss the necessary steps for implementing an angularly ordered (AQO) elec-
‘ /)7 troweak (EW) parton shower in Herwig 7 multi-purpose event generator. This includes calculating

the helicity-dependent quasi-collinear EW branching functions that correspond to the full range of
final-state EW parton shower, in addition to the initial-state EW gauge vector boson radiations.
The results are successfully embedded in the AO Herwig 7 shower algorithm and have undergone
a set of comprehensive and conclusive performance tests. Furthermore, we have used this EW
parton shower algorithm, alongside the existing QCD + QED AO shower, to predict the angular
distributions of W+ bosons in LHC events with high transverse momentum jets. These results are
compared against the explicitly generated underlying events as well as the existing ATLAS data to
show the effectiveness of the newly implemented QCD + QED + EW AO parton shower scheme.

arXiv 2108.10817
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Modelling in Herwig
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« Why does MPI vanish in both cases for higher

masses and Pp7?
 Are ISR and Bremsstrahlung related?

108 MinBias, o /nevents 108 MinBias, o /nevents 105 MinBias, o /nevents L0F MinBias, o /nevents
1 > I 200 MeV DP TN B o 500 MeV DP N e B O 100 MeV DP 1N > 0 200 Mev DF B |
R m o ISR - Nwom @ ISR 1 m o FSR 7 10N mo o FSR
7 \\\ =0 g : T N R o H % : i AN 0 g : 10 ) \\\ =0: g :
: . N : . : :
104 - N 102 - \\ N 106 104 . \\\ N 104 . N N
] : ] i [ ] N : ; ] :
— - — \ -
1
g 0 § 0 g § 0 § 0.
= 10° 3 . = 10° 3 = 10° 3 . = 10° 3
S A 106 & 3N A S AN " AN
1N . 10 1N 1N LTLRY . ]
E _ \\. L E _ \\ - E ] \\ i ..i -y E i
2 1o 2 19N =R BN g
BUSIRN 21073 %, N £1075 0%, F £ 10°3
] N\ ] \ ] Kz - ]
g o g N AN g ’ \\\\\.': £
- - N - 0 -
OL\\ ,é\
10* ; 10" ; \ 10! - 10! -
100 T e El T lllll‘l :l LELBLLLLL ¥ : : ..‘ 100 T rrrm rrrrrmT .l T lllll‘l e lI T ll.l.l : ]_00 o rren rrrrr .l T IIIII‘I :I e : ]_00 L - - :
10-¢ 105 10* 10 102 107! 10° 10-¢ 105 10* 10 102 107! 10° 10-¢ 105 107* 100% 102 107! 10° 10-¢ 10 10* 103 1072 107!
angle wrt. beam axis # [rad] angle wrt. beam axis ¢ [rad] angle wrt. beam axis ¢ [rad] angle wrt. beam axis ¢ [rad]




| Conclusions |

\ gg‘_é:lclr”]KLOEE; . I i | j
) S —— 2 ki ED BN
NS s AT i
103¢ PN i o ff BaBar:! f! Bg‘Blar E; i
. - SRS I s 1Al M'\
 Production of dark photons only partially e
| VEPP3G- U S~ "\ Belle-li
10~ E E14 ‘\\\ WS{?W

understood! |
e future experiments soon will have a more o

_ Se‘ded
robust description of proton Bremsstrahlung = . \

SHil 3

Forward Physics Facility 0

lllllil()

+ How relevant are additional production modes?
ISR and FSR + are Bremsstrahlung and ISR related?

Is there more to do in beam remnants and hadronization?



