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for high performance computing
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Mathematical foundations
Symanzik, Lischer ...
with University (Mack .. .)

founding of HLRZ (now NIC)
for high performance computing

» 90's, Hamburg: improvement,
finite size scaling for QCD . ..
also numerical

ALPHA

93" a small APE 100 Collaboration

» Zeuthen:
1994 significant APE installation
NIC research group
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Structure

» John von Neumann Institute for Computing (NIC)
Joint Institute of DESY, Forschungszentrum lJiilich, GSI

Research groups

» DESY (Zeuthen) particle physics group (lattice gauge theory)

» FZJ many particle physics, statistical physics

» GSI new group being installed: heavy ions (lattice gauge
theory)
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» The DESY lattice gauge theory group Jansen, Simma, Sommer
> very close collaboration with Humboldt University Berlin
Miiller Preussker, Wolff
» management of two European LGT Collaborations

<sroPea,
1"

ALPHA
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Collaboration Y oro™

» Additional Collaboration (+ funding) with
Univ. Aachen and Karlsruhe: SFB-TR9

» Marie Curie network: F Iav_iA g
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NIC & Computational Ressources

» FZ liilich European supercomputer center
(top of the European pyramid)
Since 2008: BlueGene/P ~ 250 Tflop peak
This year upgrade to 1Pflop peak
shared by many fields

Karl Jansen Hubert Simma Rainer Sommer Lattice Gauge Theory



NIC & Computational Ressources

» FZ liilich European supercomputer center
(top of the European pyramid)
Since 2008: BlueGene/P ~ 250 Tflop peak
This year upgrade to 1Pflop peak
shared by many fields

> DESY, Zeuthen
topical center now: apeNEXT
2010-2014: PC-cluster, 540 k Euro investment

> GSI

topical center foreseen

topical centers:

e smaller projects (e.g. PHD) not supported by national centers such as FZJ
e special hardware can be more efficient

o flexibility (no yearly applications)

e software development
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Physics strengths and plans

Verification of QCD
in low energy, non-perturbative re-

gion

eg. mm — wm with unprece-
dented precision

e.g. w formfactor

Unique: twisted mass fermion
formulation: “automatic O(a) im-
provement”

local field theory, no rooting ...

Future (has started): 24+1+1 sim-
ulations, broad range of physics
applications
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— Unversal band

o tree (1966), one loop (1983), w0 100ps (2000)
L — Prediction (xPT + dispersion theory, 2001)

1, from low energy theorem for scalar radius (2001)

—— T, from Del Debbio et al. (2006)

T, andT, from MILC (2004, 2006)
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e
Physics strengths and plans

Fundamental parameters of QCD

experiments, hadrons quarks, gluons

mp = 938.2712MeV

mr = 139.570MeV a(p)

mg = 493.7MeV my(p), ms(p)
mp = 1896 MeV

me(p), m
mg = 5279 MeV (M) b(ﬂ)
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e
Physics strengths and plans

Fundamental parameters of QCD

Non-perturbative theory

experiments, hadrons 74, technology quarks, gluons
mp = 938.272MeV 0s . ! ;
my; = 139.570 MeV oaf O‘(/J)
mg = 493.7MeV 5 sl mu(u) , ms(,u)
mp = 1896 MeV % sl
mg = 5279MeV me(p), mu(p)
o : : high confidence

wn high precision
at high energy u

2010-2014: the real theory with strange and charm sea;
high, non-perturbative precision
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Physics strengths and plans

Non-perturbative QCD Flavour physics
“background” : 'y
for the high intensity frontier N
e.g. E & «
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Non-perturbative HQET strategy
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Physics strengths and plans

Full control of HQET needed o T T e ]

w g/ b
E le: F, 22\ v, -
xXample: B — [\ . l«g/szs Mps ]
[\ Ces
RN ey ]
18 N
wof ]
14 ]
12 f S
L 1/(rymmg) 1/ ramy)
1 L L L M- L L L L - L -
0 0.1 0.2 03
1/(rgmps)

in SFB-TR/9:
» 3-loop anomalous dimension: Karlsruhe
» NP renormalization and matrix element in HQET: DESY

Future: precision in the full theory; B-parameters, B — 7lv
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Physics strengths and plans
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» non-degenerate top and bottom quark mass with physical ratio
mbottom/mtop

» comparison to 1-loop lattice perturbation theory

» allowed maximal Higgs boson mass interval

80GeV S Migiges < 700GeV

~
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[
Lattice at DESY
NIE)

Maintain strong support for == research group and topical center

» Development of advanced methods — algorithms and field theory
apply to= dynamical EW symmetry breaking (if found at LHC)

» Control over systematic errors, Connection to phenomenology

» Management of European collaborations
conferences and education for German and other students

Lattice practices 2006
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