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Permanent academic staff: winter 2016

   

+1.5 PDRAs
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+3 PDRAs

+1 PDRA

+1 PDRA



Nuclear Theory Vision
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➡2 international TALENT summer schools 
‣Density Functional Theory (York, July 17-August 6 2016) 
‣ Lecturers: J Dobaczewski, A Pastore (York), A Idini (Surrey) & N Schunck (LLNL) 
‣ Materials: http://fribtheoryalliance.org/TALENT/courses/course_04.php 

‣Bayesian methods & machine learning(York, 10-28 June 2019) 
‣ Lecturers: C Forssen (Goteborg), D Furnstahl (OSU) and D Phillips  
‣ Materials: http://fribtheoryalliance.org/TALENT/courses/course_04.php 

➡10 UK Nuclear Theory Meetings 
‣2 x year with a transformative effect on community 

➡Visitor program (25) 
‣Hatsuda, Hagen, Brown, Hjorth-Jensen, Macchiavelli, Colò 

http://personal.ph.surrey.ac.uk/%7Ecb0023/uktheory/Nuclear_Theory_Vision_%40_UK/

Nuclear Theory Vision @ UK 
Oct 2015 - Dec 2019 (£140k)



Nuclear theory: projects
•Specific, deliverable projects that sit beyond the remit 

of Consolidated Grants where we have expertise: 

•Neutrino-nucleus cross-sections framework (Surrey) 

•Spontaneous & induced fission hub (York)
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Surrey updates 2019-2020
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Machine learning the deuteron

7Keeble & Rios, arxiv:1911.13092 



Heaviest ab initio isotopes

8Arthuis & Barbieri, to be submitted

10-20 10-15 10-10 10-5 100 105 1010 1015
Halfife [s]

132Xe
Ab initio 2000s
Ab initio 2015
Ab initio 2025

Data from SCRIT experiment
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Timofeyuk, Chair
Highlights
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Induced 3-body terms in (d,p)
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+=

40Ca(d,p)41Ca

Ed=11.8 MeV



York updates 2019-2020
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In Fig. 8, we show the calculated 
deformation energies in 72Rb and 
76Y. The obtained values are fairly 
flat: i.e., between β= -0.3 & 0.5 all 
deformation energies are between 
-1 and +1 MeV. Nevertheless, we 
clearly see a shift of the minimum 
from oblate in 72Rb and to prolate 
in 76Y. This assignment of ground-
state deformations conforms with 
the previously suggested oblate 
a n d p r o l a t e s h a p e s o f t h e 
neighbouring isobars, 72Kr and 76Sr.



d* enters in the nucleonic sector of the EOS as ! resonance. No reason to neglect it!

d* appears

d* in astrophysics Goal the collaboration:
To study the role of d* boson (J!=3+ ) in the 
core of a neutron star (no strangeness!)

All d* boson 
condesate

No contribution to 
pressure!

Natural upper limit 
for the maximum 
mass of the star

Vidana, Bashkanov, Watts & Pastore, Physics Letters B 781, 112-116 (2018) 
Bashkanov, Watts & Pastore, Physical Review C 100, 012201 (2019) 
Mantziris, Pastore, Vidana, Watts & Bashkanov, A. M. Romero, A&A (to be submitted)



Manchester updates 2019-2020
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Universality in few-body systems
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It is known that no four-body force is needed at leading order. In the case 
of bosonic systems, at NLO order, a four-body force is found to be needed 
to renormalise the binding energies of 4-, 5- and 6-particle systems

Conjecture 
New scales appear at NA-3LO



Isaule, Birse & Walet, Ann. Phys. 412, 168006 (2020)

Functional renormalisation group

17

The functional renormalisation group has been used to study the 
thermodynamics of Bose gases in 1D, 2D & 3D. Felipe developed an 
approach that correctly handles the Goldstone modes in the physical limit. 
This is needed for extensions of the method to fermionic superfluids in 
nuclear contexts.



Takehome messages

•Delivering strong scientific output across UK 
•Subject areas: structure, reactions, hadron & astrophysics 

•PDRA support key to maintain world-leading programme 

•Project Funding sought (how to deliver it?) 

•Nuclear Theory Vision is over 

•Growth?
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