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‣ Lattice HPC in the UK 

‣ UKQCD physics programme 

‣ Grid & Hadrons 

‣ Future plans



Lattice HPC in the UK
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The DiRAC facility

“DiRAC is the integrated supercomputing facility for theoretical 
modelling and HPC-based research in particle physics, and 
astrophysics, cosmology, and nuclear physics […]”
https://dirac.ac.uk

DiRAC 2.5 systems 
    Data Intensive (Cambridge) - 2.3(CPU) + 1.2(GPU) PFlop/s 
    Data Intensive (Leicester) - 1(CPU) PFlop/s 
    Memory Intensive (Durham) - 0.9(CPU) PFlop/s 
    Extreme Scaling (Edinburgh) - 3.4(CPU) + 0.5(GPU) PFlop/s 
 
DiRAC 3 soon?



‣ DiRAC is a UKRI/STFC facility, focused on Astronomy, 
Nuclear, Particle and Particle Astrophysics. 

‣ Computer time is allocated through a yearly peer-
reviewed call by the Ressource Allocation Committee. 

‣ The RAC is composed by 2 sub-panels of experts 
(nuclear/particle & astro).

5

The DiRAC facility
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DiRAC lattice allocations

Cambridge (lattice only)

https://dirac.ac.uk

https://dirac.ac.uk
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DiRAC lattice allocations

Edinburgh (all projects)

UKQCD-DWF: ~60 % of Edinburgh service

https://dirac.ac.uk

https://dirac.ac.uk


UKQCD physics programme



‣ Mainly focused on light and heavy flavour physics, 
using domain-wall fermions. 

‣ In collaboration with RBC in the US, access to USQCD.

9

General structure

Edinburgh University: 
Peter Boyle (BNL) 
Luigi Del Debbio 
Felix Erben 
Vera Gülpers 
Nelson Lachini 
Michael Marshall 
Fionn Ó hÓgáin 
Raoul Hodgson 
Antonin Portelli 
Andrew Yong 
Azusa Yamaguchi 

University of Southampton: 
Nils Asmussen 
Jonathan Flynn 
Ryan Hill 
Andreas Jüttner 
James Richings 
Chris Sachrajda 

University of Liverpool: 
Nicolas Garron 
 
CP3: 
Toby Tsang

2 tenured faculty, 4 postdocs 
coming to Edinburgh 2020-2021



‣ Radiative corrections to kaon leptonic and  
semi-leptonic decays. 

‣     &     leptonic and semi-leptonic decays. 

‣     &     bag parameters. 

‣ Light quark masses. 

‣ Rare                    decays. 

‣ Rare                    decays. 

‣             mixing.

10

Flavour physics
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12. CKM quark-mixing matrix 15
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Figure 12.2: Constraints on the ρ̄, η̄ plane. The shaded areas have 95% CL.

ρ̄ = 0.124+0.019
−0.018 , η̄ = 0.356 ± 0.011 . (12.26)

These values are obtained using the method of Refs. [6,104]. Using the prescription
of Refs. [111,128] gives λ = 0.22496 ± 0.00048, A = 0.823 ± 0.013, ρ̄ = 0.141 ± 0.019,
η̄ = 0.349 ± 0.012 [129]. The fit results for the magnitudes of all nine CKM elements are

VCKM =




0.97434+0.00011

−0.00012 0.22506 ± 0.00050 0.00357 ± 0.00015
0.22492 ± 0.00050 0.97351 ± 0.00013 0.0411 ± 0.0013
0.00875+0.00032

−0.00033 0.0403 ± 0.0013 0.99915 ± 0.00005



 , (12.27)

and the Jarlskog invariant is J = (3.04+0.21
−0.20) × 10−5.

Figure 12.2 illustrates the constraints on the ρ̄, η̄ plane from various measurements
and the global fit result. The shaded 95% CL regions all overlap consistently around the
global fit region.
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‣       &      scattering at physical quark masses. 

‣ Muon anomalous magnetic moment.

11

Hadronic physics
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Figure 2: Continuum extrapolation of the isospin-symmetric light connected component of aµ, denoted
by [alight

µ
]0. The data points are obtained on lattices of sizes L ⇡ 6 fm. The di↵erent colors/symbols

correspond to di↵erent types of improvement procedures: “none” stands for applying no improvement;
“NLO” and “NNLO” refer to improvements based on the next-to-leading and the next-to-next-to-leading
orders of finite-volume, staggered chiral perturbation theory; “SLLGS” is an approach based on experi-
mental input parameterized by a Gounaris-Sakurai model combined with the Lellouch-Lüscher formalism
(see the Supplementary Information for details). The two methods labeled with ’win’ are used to obtain
the final results of the paper. The lines show fits using the finest five lattice spacings.
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Figure 3: Comparison of recent results for the leading-order, hadronic vacuum polarization contribution
to the anomalous magnetic moment of the muon. Green squares are lattice results: this work’s result
is BMWc’20 with a filled symbol on the top, followed by Mainz’19 [26], FHM’19 [27], ETM’19 [28],
RBC’18 [15] and our earlier work BMWc’17 [10]. Red circles are obtained using the R-ratio method from
DHMZ’19 [3] and KNT’19 [4]. The blue shaded region is the value that aLO�HVP

µ
would have to have to

explain the experimental measurement of (gµ � 2), assuming no new physics.
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‣ Composite Higgs models, strong Yang-Mills in non-
fundamental representations. 

‣ Holographic cosmological models, critical phase of 
scalar gauge theories in 3D.

12

BSM physics

[A. Jüttner, private comm.]



Grid & Hadrons



‣ Free (GPLv2) data parallel C++11 library. 
https://github.com/paboyle/Grid 

‣ Multi-platform, most code platform-agnostic. 
SSE, AVX, AVX2, AVX512, QPX, NEONv8, NVIDIA (post-Pascal) 

‣ Implements popular lattice fermion actions 
(Wilson, DWF, Staggered, …) 

‣ Implements many solvers 
(CG (many flavours), multi-grid CG, Lanczos, …) 

‣ Implements full HMC/RHMC interface

14

The Grid library

https://github.com/paboyle/Grid
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Grid lattice layout

MPI Cartesian layout 
High-efficiency halo exchange 
Shared buffer and multi-endpoint comms

= [          ]

Vectorised layout

SIMD/SIMT vector



‣ C++ expression template engine 

‣ Site-wise operation automatically parallelised 

‣ 100% vectorised thanks to vector layout 

‣ Loops over sites multi-threaded 

‣ Symbolic gamma matrix algebra 

‣ High-level circular shift operator & stencil interfaces

16

Grid lattice expressions
C = tr(g5*gSnk*q1*adj(gSrc)*g5*adj(q2));



‣ Measurement steps: 
modules with inputs/outputs 

‣ Measurement: 
DAG of modules 

‣ Schedule through topological 
ordering minimising memory 
consumption 

‣ Global, generic object store 
shared by modules 

‣ Part of Grid (Lattice 2019 talk)

17

Hadrons

https://indico.cern.ch/event/764552/contributions/3428314/attachments/1864751/3066154/hadrons.pdf
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Scaling

Hardware for Lattice QCD

GPU

I typically many processing units

per GPU

(picture of NVIDIA Volta V100

die on the right)

I GPU in supercomputers, e.g.

I Summit (Oak Ridge National

Laboratory):

I Nr 1 in Top500 (200 PFlops)

I 4608 compute nodes, each with

• two IBM POWER9 CPUs

• six Nvidia Volta GV100 GPUs

• connected by NVLink

I Dual-rail Mellanox EDR

Infiniband

[https://images.anandtech.com/doci/11367/voltablockdiagram.png

[talk by P. Boyle, USQCD All-Hands Collaboration Meeting 2019]

Vera Gülpers (University of Edinburgh) E�cient Computing for HEP Feb 18, 2020 11 / 17

Hardware for Lattice QCD

Tesseract

I Extreme scaling service of DiRAC,

hosted by EPCC in Edinburgh

I 1468 compute nodes, each with two

Intel Xeon Silver 4116 processors

I Omnipath interconnect

[talk by P. Boyle, USQCD All-Hands Collaboration Meeting 2019]
picture from https://www.epcc.ed.ac.uk/facilities/dirac

I new: 8 GPU compute nodes:

two Intel Xeon and four NVidia V100 (Volta) GPU accelerators

Vera Gülpers (University of Edinburgh) E�cient Computing for HEP Feb 18, 2020 12 / 17

‣ DiRAC Extreme Scaling (Tesseract):  
hypercubic network topology (HPE SGI-8600 blades)

Grid single precision Dslash, [P. Boyle, USQCD All-Hands Collaboration Meeting 2019]



Future plans



‣ Radiative corrections to semi-leptonic decays. 

‣ Radiative corrections to 2-body scattering.

20

Radiative corrections

‣ Volume scaling, large volumes. 

‣ Non-trivial phase space, deflation with non-trivial BCs.

Computational challenges



‣ Rare decays at high precision. 

‣ Heavy meson rare decays. 

‣               decays.

21

Hadronic long-distance effects

‣ Reliable spectral reconstruction, very-large volumes. 

‣ Non-trivial phase space, deflation with non-trivial BCs.

Computational challenges

D ! ⇡⇡
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‣ Lattice simulation at high density of states. 

‣ Scattering amplitudes beyond GEVP.

22

Spectral reconstruction

‣ Reliable spectral reconstruction methodology. 

‣ Large to extremely large volumes.

Computational challenges
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Ok, but how large is “very” large?
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Ok, but how large is “very” large?

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 0.2 0.4 0.6 0.8 1 1.2 1.4

(⇢
⇤
�
�
)(
!
)

! (GeV)

infinite volume
Gaussian � = 4⇡/L
Gaussian � = 2⇡/L
Gaussian � = 1⇡/L

Gaussian � = 0.75⇡/L
Gaussian � = 0.5⇡/L

L/a = 48

M⇡L = 3.7
<latexit sha1_base64="WKpFOdjrNnjMHViX1+hTzgfKNEE="></latexit>



25

Ok, but how large is “very” large?
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Ok, but how large is “very” large?

L/a = 128

M⇡L = 10
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Ok, but how large is “very” large?

L/a = 128

M⇡L = 10
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Ok, but how large is “very” large?
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Ok, but how large is “very” large?
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‣ This is quite rough, but very likely need partitions with 
very large memory footprint. 

‣ Lattice is becoming much more memory-intensive that it 
used to be (deflation, distillation, A2A, etc…) 

‣ We will still need “real” parallel machines 
i.e. machines where computation vs. network is balanced, 
and network is topology-aware. 

‣ NVME is promising for high-speed FS caching. 

‣ Balanced parallel machines with GPU? 
(Nvidia bought Mellanox, HPE-Cray Slingshot)

30

Future HPC requirements



This project has received funding from the European Research Council (ERC) under the European Union's 
Horizon 2020 research and innovation programme under grant agreements No 757646 & 813942.

Thank you!

In Memoriam


