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Lattice QCD

+ QCD observableare calculated from the path integral
(0|0 (¢, 4, A)|0) = /[dA] [d][d] O, b, A)e f¢f4ﬂ‘fQCD(t a,A)

+ Strongcoupling regions: expansions no longer converge
+ Lattice QCD is a discrete version of continuum QCD theory
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+ Numerical integration tgalculate the patimtegral
® TakeaY 0 VWhdb in the continuu
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Lattice Actions

+ Symanzik Improvement
+ Orderby-order inaimprovement of the action and operators
+ Systematic error due to discretization under control

+ Gauge Actions
¥ Most gauge actions used today @@?) improved
+ Small discretization effects Qs 3pa%)) due to gauge choices

A)

+ Fermion Actions
¥ Most fermion actions are on{y(a) improved O($ §cp@%))
+ Differences are benign once sjilstematicsre included
+ Different choices of fermion action are confined by limits of
computational and human power and by personal interest
+ Commonly used actions:
domainwall fermions, overlap fermions,
Wilson/clover fermions, twistetlVilson fermions
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Operators

+ Conventional choices, if known guantum number
+ For example, simple hadrons:

7* (%) =u (X) 5d°(x)

P () =1 (X) y,d* (x)

ps(x) = (u® (X) Cy, d° (x)) u§ e

A%%5 (%) = (4 (X) Cyy (%) ty €t

+ Since these are the lightest particles in their respective channe
their masses are easy to determine using lattice QCD.
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+ Many physical quantities are calculated using these simple
operators: masses, form factors, axial coupling constants,
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Spectroscopy

+ Calculate the twgpoint Green function
(O) = /dl |[d)[d]e= S W) =Sa@)O(U, 4, )

— 7 / dU|det M e~ (U)

+ Spin projection
Z Fa-ﬂﬁ<J(*Xsnk)'](JXSI‘CDQ.;B B ( ) B
a3 .

+ Momentum projection

%
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Two-point correlator
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At large enougl, the grounektate signatlominates.
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Nucleon Mass

¥ Updates from the Lattice 2008 conference
statisticalerrorbarsonly (seeC.Jasen, LAT2008] for a full report)
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érébn Lab

' Exploring the Nature of Matter

Lattice in the News (in  Scrence)!
+ Postdictions of well known quantities
Example: BMW Collaboration, LAT2008
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+ Proves all the systematics are under control

/. + Next look at experimentally ledgown guantities:
excitedbaryon spectrum, hybrid mesons, etc.
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Roper Resonance on the Lattice

#Mostly done i n NiRuSgmechiend o ap

| N P Sy
Mathur '03 A |—;élﬁ&'
Leinweber' '04 e A -
Guadagnoli '04 B HoA
of . .o Sasaki'05 & o= .
. ﬁé Burch '06 ® oy
‘ . Basak' '06 e i A
g
1 -3 0.5 1.0 1.5 2.0 2.5
-
. =:§ Group N¢ St ut_l (GeV) | My (GeV)|L (fm)|Method| Extrapolation
il Basak et al. [12] | 0 Wilson 6.05 0.49 2.35 VM N/A
- c ; Burch et al. [11] | 0 CIDO 1.68,1.35 | 0.35-1.1 | 24 VM a+ bm?
| ’ | Sasaki et al. [9] 0 Wilson 2.1 0.61-1.22 [1.5.3.0| MEM va -+ bm2
' Guadagnoli et al. [7]| 0 | Clover [13] 2.55 0.51 1.08 | 1.85 | SBBM |a + bm2 + cm
Leinweber et al. [8] | 0 FLIC 1.6 0.50-0.91 | 2.0 VM N/A
> Mathur et al. [6] | 0 |Overlap [14] 1.0 0.18-0.87 |2.4.3.2| CCF |a+ bmy + cm=
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Roper Resonance on the Lattice

#Mostly done i n NiRuSgmechiend o ap

| N P Sy
Mathur '03 KM AR
Leinweber' '04 ® A KA
Guadagnoli'04 8 HoA
Sasaki'05 &) o=t
Burch '06 ® oy
: ; Basak' '06 2 = A
0.5 1.0 1.5 2.0 25

¥+ Questions
+ Differences in analysis approach? (how does it affect the extracted mas
¥ Contamination by ® and higher excited states?
+ How is the chiral extrapolation is performed?
¥+ Othersystematic® Finitevolume effect, seb\ , lattice spacing, etc.
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Finite -Volume Dependence
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# Original summary plot imasscock et. al. Phys.Rev.D76:054510 (2007)
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Finite -Volume Dependence
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+ Size matters! More so for excited states.
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N, Dependence

+ N: =0, 2+1 isotropic clover action calculatidn~< 2.56, 1.93 fm)
[K.F. Liu et. al., LAT2008] & in this conference
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+ Stay tuned for more 2+flavor calculations
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Challenges

More on nucleon resonance?

+ Operators:

+Allow us to pick out particular quantum numbers

+How do we create operators that

maximize overlap with the loMying states of interest and
minimize mixing with other operators due to lattice artifacts?

+ Euclidean space S (P
¥ Correlators with timelependent form B

L

dominated by ground state; challenge for excited states
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Challenges
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More on nucleon resonance?

+ Operators:
+Allow us to pick out particular guantum numbers
+Good basis of operators

# Euclidean space .
+ Correlators with timedependent form =

dominated by ground state; challenge for excited states
Solution 2: increase resolution
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