Hadron Interactions from

Lattice QCD
Silas Beane
u
: B o NEW HLAMPSHIRE

UNIVERSITAT
BERN

Bad Honnef 2/15/201 |



Outline

Motivation and basic technology
Meson-Meson and Meson-Baryon
Baryon-Baryon and nuclei
H-dibaryon

Conclusion



nuclear structurej [nucleon structure

e.9. MNN, P e.q. 3?;x:czltedl baryons
‘ 3.0¢
Nuclear Landscape > 55l
: _ > j
stable nuclei ’ s pr ' - ... @ 20
s o - 15| |
il ; 0000 = i
joF ogesesetee’s 10|
L R +—__— terra incognita .’.’.’.’.’.’.’.’. Tl
9.9.9.9.9.9.0.9.¢ 0.5}
. 0.0.0.0.0.0.’.0 (X :
2g X . - g " neutron stars ’.’0.... .'e ”e”’A' E 1 1 1 1 L
; s SYaYa 4 9 .99 0.0
{ "o‘_"‘e"\v ‘\9"‘0’[,’9 Ié’ Gl g H g G2g Glu H, u GZu
: - sawemegss ug 99.9.9.0.0.0.0.0.¢
- eresesele’ e ete%
' ORI ®
Retosesese’ —— ® ot
R §| e
I ‘
§

Q_> I-weak ;:’”’”."' .3"-,%‘ ’ ;‘
i T
e.q. thN e.g. critical point

precision electroweak [equation of state




How do we extract S-wave scattering
information (phase shifts and binding
energies) from a lattice calculation!?



Recall NR scattering
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sum of poles in a Finite Volume!

A =0

eigenvalue equation



S-wave at Finite Volume
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Weak coupling expansion:
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TUTT  scattering in lattice QCD
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What about higher partial waves?
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D-wave at Finite Volume
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Nuclear physics

Experiment:

a5 = 23714fm %0 = 2.73 fm ><
a5t = 5425fm  r.S! = 1.749 fm
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Trivial IR fixed point: Nontrivial UV fixed
“natural case” point: “‘unnatural case”

“Unitarity”
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Why is nuclear physics near this UV fixed point??
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Lattice QCD will answer this question!
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Does signal/noise decay exponentially?



Does signal/noise decay exponentially?

Yes!

For a system of A nucleons:
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Does signal/noise decay exponentially?

Yes!

For a system of A nucleons:
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However, only asymptotically!




Is there a signal/noise problem!?
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Is there a signal/noise problem!?

related to sign problem?
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Contraction bottleneck for A4 > 2 ?

Naive factorial growth!
np: 36

nnp: 2880

npnp: 518400

(AZ):  (A+Z)! (2A-2)!

~

Recursion relations for mesons — A growth!

J

Baryon recursion relations in development!



Contraction bottleneck for A4 > 2 ?

Naive factorial growth!

np: 36
Symmetries
nnp: 2880 > 93
npnp: 518400 > 1107

(AZ):  (A+Z)! (2A-2)!
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Recursion relations for mesons — A growth!
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Baryon recursion relations in development!
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—m,/k cotd(k)

Lattice QCD: Baryon-Baryon
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What about bound states?
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Need several volumes!




Is there an H-dibaryon!

Need other volumes!
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b M,

Volume dependence of the A mass
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bM (A 24%)

b AE (AA 24%)
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bM (A 32%)

b AE (AA 32%)
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The bottom line;
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Need smaller lattice spacing
and lighter quarks!
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Conclusion

Stretched Meson-Meson systems are now a precision science.
Work is beginning on obtaining hadron-hadron phase shifts.

Two-baryon systems are currently under intense investigation.
Calculation of the deuteron is a major outstanding benchmark.

The H-dibaryon is bound at unphysical quark masses!
Lattice QCD requires:
% the resources to move beyond the benchmarking stage.

% a strong collaborative effort among physicists, computer
scientists and applied mathematicians.



