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In ¢ ollaboration with

Saul Cohen, Robert Edwards, and David Richards ( JLab)
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N- A, Form Factor

¥+ Experiments aflefferson LaboratoryQLAS),
MIT -Bates, LEGS, Mainz, Bonn, GRAAL, and Sprfg
+ Helicity amplitudes are measure@n 10 3GeV ! ‘uits)

+ Many models disagree (a selection are shown below)
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+ In this work, we will consider the case when the Roper has
overlap with the first radial excited state of the nucleon
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Lattice QCD

+ Lattice QCD Is a discrete version of continuum QCD theory
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Lattice QCD

+ Lattice QCD Is a discrete version of continuum QCD theory

+ Physical observables are calculated from the path integral
(0|0 (3,1, A)|0) = /[dA] [dy][d] O, b, A)e f¢f4ﬂ‘fQCD(t a,A)

+ Use Monte Carlo integration combined with the
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Al mportance samplingo techni
® TakeaY 0 MW db in the continuum
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Lattice QCD

+ Lattice QCD is computationally intensive

L \3 MeV ) ( fm ¢ fm\ [ MeV \2 a\2 (MeV 2
cost= () 15 (S ) () (oo () (G ) (&) (52 ))
fm M, a a Mk fm M
Norman Christ, LAT2007

+ Current major US 2+flavor gauge ensemble generation:
+ MILC: staggereda ~ 0.06 fm,L ~ 3 fm,M. ~ 250 MeV
# RBC+UKQCD: DWF,a~ 0.09 fm,L ~ 3fm,M. < 300MeV

+ Chiral domainwall fermions (DWF) at large volume (6 fm) at
physical pion massiaybe expected in 2011

+ But for nowné .
need a pion mass extrapolatidn’Y M),y
(use lattice/continuum chiral perturbation theory, if available)

+ Soon be able to verify XPT directly in the chiral regime
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Green Functions

+ Threepoint functionwith interpolation operata’r

Cape (o t.7) =Y T7(J5 (p.1) O(1)Ta (.0))

o3

+ Two contraction categories:

==

+We use only the Aconnectedo
+0ngoing I nvestigation I nto i
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+ Euclidean space: signal falls exponentially with time
dominated by ground state at large enough time
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Lattice Setup

+ Solution: increase resolution Anisotropic lattice
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Lattice Setup

+ Solution: increase resolution Anisotropic lattice

+NQuenchedo for exploratory
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Lattice Setup

+ Solution: increase resolution Anisotropic lattice

. o

-

dg +nNQuenchedo for exploratory ¢
. A

B‘% ¥+ 16% 64 anisotropic latticeg= 3

of

+ Wilson gauge action ¢lover fermion action
¥ a '7a6 GeVanda,a 0.125fm (L < 2 fm)
'l ¥ m 4720 (480 and 1100) MeV
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Roper Resonance on the Lattice

+Mostly done |1 n NFR,uUSesechivend 0 a g

| N P Sy
Mathur '03 A |—;élﬁ&'
Leinweber' '04 e A -
Guadagnoli '04 B HoA
. . Sasaki'05 & ==k |
. 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

+ Contamination by ® and higher excited states?

+ How is the chiral extrapolation is performed?
Does it really work or coincidence?

+ Othersystematic8 Finitevolume effect, theory ceaff, N;, etc.

+Mostly done |1 n NFR,uUSesechivend 0 a g
| N P Sy
Mathur '03 KM AR
Leinweber' '04 ® A N
Guadagnoli'04 8 HoA
Lo | Sasaki'05 &) =
f §§ Burch '06 ® FoH  pag
el ¥ Basak' '06 s = A
=§ 05 1.0 1.5 2.0 2.5
N —]3 ¥ Questions
. ﬂg + Differences in analysis approach? (Need a unified analysis on all data
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Roper in Full QCD

+ N = 2+1 mixed actiondwF+ asqtagl calculation L ~ 2.5 fm)
+ Symbols:J® T

4 ¥+ Prove or disprove Roper as the first radial excited state of nucle

0 1/2¢ N sk T %—
: ' \V4 112 Sy : } } j
. A 127 Py =250 3 4 3 _
:g = ; | } v ¥ wE
: = 5 € _
' Sg N é© ° ° ’ ]
? &
=E V] BT P PR RPN RPN R
e 0 0.1 0.2 0.3 0.4 0.5 0.6
. g§ M2
s‘% + Finite-volumeeffects starting at 350 Mepion.?
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Roper in Full QCD

Prove or disprove Roper as the first radial excited state of nucle
Not a crazy possibilitysee the handrawn extrapolation lines)

+ N = 2+1 mixed actiondwF+ asqtagl calculation L ~ 2.5 fm)
+ Symbols:J® T
O 12 N iskT 4
' Vv 12 Sy | §} |
. . A 127 Py =250 $ } }W,,,‘ ‘ ]
L —H = ,{”f_'.’_‘._ﬂ, ..... 2--- g- ]
“?: LshE & ™ . o o ©]
dé s ¢°
=E oslo o Lo v by b b
4 =.‘:§ '}D 0.1 0.2 0.3 0.4 0.5 0.6
: €M M
4 s‘% Finite-volumeeffects starting at 350 Mepion.?

e e

Stay tuned on futuri, =

2+1 lattice calculations
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Form Factors

+ The form factors are buried in the amplitudes

(3).T DD
I—‘L }AB(fiﬁf‘ff‘piqpf)

= {1322 L Zw.5( pf)Zﬂ a(pi) o~ (tr=EL(B §) o= (t=t:)En(P)
n' Z _lEf( ) Tl(pa

Qﬂtguﬂf pf,.s )5 { Ny ( pfﬁ_,f;- ) 17 ()] N (s, )0 (s D

+ Nucleon form factorr{ = nNj 0)

<‘\T ‘V:u,‘ ‘\T>(() = Un ( ) ;,U»Fl(q ) T Oy

Ey(q? -
+ Multiple works done using lattice QCD in the past
¥+ easy cros€hecks

+ Clear of exciteestate contamination
+ Dbettersystematics
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Form Factors

+ The form factors are buried in the amplitudes

ThB(tit, tr, Dy D)

1 Z,. ) ZnAPS) (¢, 0BL(F ) (1) Bn(F

3 w,B(Ps) Zn,a(Pi (ty—t)EL (D 4) o~ (t—t:)En(D,)

= (1 n e i
{ZZZ4E()M)

n!

o T gt B ) N B ) i O No (o ), T >
5 E ¥ Nucleon form factorr{ = nN§ 0)

: g § NN @) = T P Fil) + 0 5| ux (e

: gg + NucleonRoper form factorr{ = 0,nNf 1 orn = 1, nNj 0)
i@ NV Mute) = 1) [Fia®) (30~ 26) + oot gt ()

+ Need as better input from twaint correlators as possible
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Variational Method

+ Generalized eigenvalue problem

[ C. Michael, Nucl. Phys. B 259, 58 (1985) |
[ M. Liuscher and U. Wolff, Nucl. Phys. B 339, 222 (1990) |

+ Construct the matrix

Ci j(t) = (0] 0:(t)T0;(0) | 0)

+ Solve for the generalized eigensystem of

Cto) 2O (1) Clto) %0 = A(t, to)v
with eigenvaiues
Ao (t.to) = e Tt0En (1 L O (e~ 0EIE=t0)y)
Now the originakorrelatormatrix can be approximated by

! 3 E,+m -
Cij = D _(C(to) *v3)i(vaC (to)*)jAn(t. to) = 2 55— ZinZiwe ™"
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+ Three smearings,|) are chosen for thassork
¥ 2" excited state is contaminated by remaining states
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Variational Method
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+ Reconstruct twgpoint correlators fron@ ande-
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