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Multipole decomposition
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Motivation

Form factors:
» describe the structure of hadrons

» provide input for phenomenological model builders & yPTs: e.g
effective mAA couplings

> test the Goldberger-Treiman relations

— First lattice QCD calculation of axial form factors of the A" baryon.
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Axial vertex decompositions

Isoscalar axial vertex:
7 - (L T3
AH(x) = P () 75— (x)

_ AlaB
(B(pr, s)|A*1B(pi, 57)) = Talprs 56) [0A] "7 g (i, 50,

with

m a B i
A 2 5 2, 9 5 aaq 2 5 2y 4 5
orh = g8 (gl(q Y +e3(@) s — ) +—— (hl(q VY + h3(a7) 7 >
2Mp am 2Mp

and Rarita Schwinger spinors @, u.
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Axial vertex decompositions

Isoscalar axial vertex:
7 - (L T3
A (x) = P(x)y! 75— (x)
u _ LATB
(Ber, s0)IA" 101, 5)) = Talor 57) [072] " g (pr, ),

with

n a B 13

A 2 2, 9 949 2 2, 4

oHh = g (gl(q 7y + es(a ) omie “/5) + — (hl(q 7y + hs(q )—75>
N

and Rarita Schwinger spinors @, u.
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Pseudoscalar vertex decompositions

Similarly, for the pseudoscalar vertex:

with
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3-point & 2-point functions

o FR-P
<
R

(xM\(E, o)(xw, 0)
pf vpi '\/‘

The two-point and three-point functions of interest are:

Gﬁ“.,.(ruyay t) = Z €+i;'ar:/a<Xaa(;r’: tr)Au (X, t)i—ra/(ox(ﬁ»
%, %f

GPS(M,d,0) = 30T, (xoa(Fr t1)P(R), (X, 0 (0,0)),
X, %f

Cor (M5, t) = S e P, (Xoa(%r, )X, (0,0)
X

with .
r4:%(1+v4), Fk:i(l+74)vsvkw k=1,2,3.
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Some algebra...

..leads to:
M -
Gor (M, B, t) = 4 1z e Fap) o [I’"/\ET(p)] + excited states
En(p)
M - _y -
A = A M, te—t E, t E E,A E
QG0 = = 122 ¢~ Ma@) (=0 g Ea(p) oy [FAS o/ (PYOE A /()] +e.s.
A(P)
i M, -M, —t) —E
GRS, g0 = E—A 1z e Ap) (=1 g~ En(p)ty, [r"/\ial(p)oi’,is,/\f,r(p)] +e.s.
A(P)

(using Euclidean quantities)
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Rid ourselves of unknowns

Eliminate unknown Z-factors and leading time-dependence by looking at

ratios:
A —
RA (M, 1) = G (TG 8) | G, Bis tr — ) Gee(T4, T, 1) G (T4, T, )
THT Gc(T*,0,t6) | Gui(M*, 0, tr — )G (T4, B, £) Grac(T4, i tr)
RPS (14, t) = GPo(r,g,t) Gisc(T4, Bis tr — 1) Gpge(T, 0, £) G (T4, T, t¢)
T Gc(T*, 0, t6) \| Guic(T, 0, tr — £)Gre(T4, B, £) G (T4, i » )

At large tr — t and t one finds this is constant!

R‘T(N)T(r’ a’ t)X - CI—I())'< = Ctr [FAUU'OO—(M)T T/ ’T:| 5

2 3 4 -
_ 3268 | *Eawy) | Fae) | Eaw
c=,/= 2 7 ,
2| Ma M2 M3 M4
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Lattice simulation

X _ X
I_IU(#)"' =tr rAUUIOU(,u)TAT'T:| )

» compute on the lattice specific summation combinations of o and 7

» work out R.H.S as linear combinations of the form-factors
(g17g3) h17 h3)y

» coefficients are functions of E;, ma, Q2 calculated from the above

> solve linear system for each g?
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An example: “Axial Type II"

3
HZA(q) = Z Tortr [r4/\ao’(pf)oo’#T’AT’T(pi)]
o,7=1
. L ! 0 1
with I'A:Z(’Y4+1) Tor = { -1 0 L } :
1 -1 0
For 1 = 4 we find
niA (3,E) = i - T -
WP E) = | (E+am) (&1 = 73) + 5 (E+m) (= 7ha) | (1 + P2 + p3)

. o Q?
with 7 = W
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Lattice simulation

» Preliminary results from an un-improved quenched Wilson
ensemble:
Nege = 200, 323 x 64, 3 =6.0, a~! = 2.14(6) GeV,
K = 0.1554

» Use sequential source method to get 3-pt functions
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Axial form factor results

g1, 83.h1 and h3
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Axial form factor ratios

g3/81.h3/h1

— - pion pole fif i3 —- pion pole fif|
\

T \i\}\}j}i‘iiiiii;: b \ \{F%\\%‘%ii%%iu

2 25 05 25

15 + 15
q (Gevyf q* (Gevy

my = 0.563(4)MeV
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Pseudoscalar form factor results
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Multipole decomposition

Multipole form factors E, E3, Ly, L3 are related to physical quantities in
the multipole expansion.

3
= —E+V3E
81 2 1 3

(gl—Tg3) = \/1+7‘(3L1—L3)

r(1+71)h = —3V27E; — (24 7)V3E;s
T(L+7)(h —7h3) = —v1+7(—67L+ (5+27)L3

“no-deformation limit" — E3 = L3 =0, E; = 2L,
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Multipole form-factors
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Goldberger-Trieman relation

Recall
aB
_ a ~ q q =
(B(er, 57)|PIA(PI, ) = Ta(pr 57) {—g P (e@r) (h(qz)f’)} us (pr, ),
A
Define
B
2 fre m?2, [gaﬁ Gran(d®) + q;% H‘!\'AA(q2):| 3
2mg (Bp, |P|Ap;) z( L ) A 7 P
ST En(Br)En(F)) (m2 — ¢?) 2
Now we identify
. _ fam2Gran(d®) B = frm2 Hepn(9?)
ES T ) T T )

Gregory Axial and pseudoscalar form-factors of the A+(12




Axial form-factors
Pseudoscalar form-factors
Multipole axial form-factors
Goldberger-Treiman relations

Results

Goldberger-Trieman relation

Recall
3 a“q" op
(B(er, 57)|PIA(PI, ) = Ta(pr 57) [—g‘“ (B@°) + 55 (h(q2)75)} us (b, ),
A
Define
B
2 frm? [gaﬁGwAA(q2)+ q;% HWAA(qz):| 3
2mg (Dp, |P|A ,>z< 4 ) A 7%y° P
e E(Br)E(B) (m2 — ) 2
Now we identify
ek = fem Grnn () = frem? Hran (a°)
) TTm )
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mAA couplings
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Goldberger Treiman relations

From the Ward identity, we can equate
Ou(BIA*|A) = 2mq(A|P|A)

LHS gives

3
m _ af qaqﬁ —a 57 3
Ou(A|AT]A) =2mp | (g1 + Tg3)g” " + (b1 + Th3) pr
A

frm2 Grpan(d®)

2mp [(&1 — T&3)] = " — )

and , ,
famHran(a”)
2mp [(m — Th3)] = W
. 2 _ 2 .
demanding that the g3 and h3 terms cancel the pole at g = mZ give us
the Goldberger-Treiman relations:

fxGran(a®) = mag1(q’) frHran () = mahi(q®)
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Results

Goldberger-Treiman relations
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Conclusions

Conclusions

> possible to extract AT axial form factors g1, g3, h1, hs with
lattice QCD

> possible to extract AT pseudoscalar form factors g, h
» TAA couplings satisfy Goldberger-Treiman relation

» results are preliminary; future work will include mixed action
(DWF on Asqtad sea)

» stay tuned
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Conclusions

Goldberger-Treiman relations for N — A

Gana(q?) e = 2my CA(g?)

2,0 T T
®  Hybrid m =0.35 GeV
A DWF m=0.33 GeV
1,54 * N.=0 Wilson m =0.41 GeV
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E 10 -mmm e §¥ % ———————
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