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@ parameter of the standard model

@ possible solution to the strong CP problem (m, = 07)
@ neutron lifetime and BBN

° ...
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Neutron Lifetime:
n—p+e+e
4
T1 - # (Z?TWW) m3 {11—5(2‘34 —94° —8)vVa —1+aln(a+ vVa? - 1)}

My — mp
me

Y
1

Griffiths

10% change in mp, — m, — 100% change in 7!
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ldea:

@ Use partially quenched lattice gcd to introduce an isospin
breaking mass parameter to the valence quarks

@ compute the hadron spectrum for various values of
20 =mg — my

@ use the isospin mass splittings in the physical spectrum
(corrected for electromagnetism) to determine the physical
value of §
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Idea:

@ Use partially quenched lattice gcd to introduce an isospin
breaking mass parameter to the valence quarks

@ compute the hadron spectrum for various values of
20 =mg — my

@ use the isospin mass splittings in the physical spectrum
(corrected for electromagnetism) to determine the physical
value of §

@ specifically

My,val = Msea — 0 My val = Msea+ 0

Significantly minimizes effects of partial quenching
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Electromagnetic Self Energy
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Cottingham

Determining electromagnetic self-energy corrections to
hadrons is the most challenging part: two options
@ compute with lattice QCD + QED: two challenges
e have to deal with Coulomb potential
e large (power law) volume corrections
@ improve estimates of QED self-energy corrections from
modern knowledge of structure functions

Tuesday Thursday
° °
° °
°
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Correcting for electromagnetic self-energy: Cottingham

4rars. [ d*q g" W
2 (2m)* g? +ie

aME =

aM = o /OOO o [ aYE— {SV‘A(OZ,iu) _ <1 _ %i) Wg(Qz,iu)}
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Correcting for electromagnetic self-energy: Gasser and Leutwyler

@ oo V2
AMi’:f f.s. / 02/ Y- [3W1(C22 iy — ( 02>W2(Q 1/):|

@ W, requires once-subtracted dispersion relation
@ Gasser-Leutwyler
@ assume no subtraction needed
e compute only elastic contributions
e estimate inelastic contributions for uncertainties
G2(—@%) — G2(—@?)

Q2
1+ — - —
am2 - 2Mm Q2 + 4Mm?

Q? Q? Q| aMPGE(-Q?) + Q2GE(—@P)
*{ ‘*m(“zm)”m} eCaTT

oo
amd = —ﬂf d002{3
™ 0

B— B Experiment AM, QCD
= =" 6.85+021 086+0.30 5.99+0.37
n—p 1.29 —0.76 £0.30 2.05+0.30
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Partially Quenched Set Up
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Baryons: SU(2) Lagrangian

£=Niv-ON— 2N Famn - IV RNa(Mmy)
(4xf) (4xf)
R = IN_ = ON =
—(T*‘lv-DTM)+A(T“TM)+m(T“M+TM)+m(T“TM)tr(M+)

— — —=kji i
+294NS-AN+2gpanTHS - AT, + gan [TJ’Aﬁ“ e Ni + ha]

At

_ (P Ko i —
N = < n) Tijk = symmetrix tensor, T{11 =
1
4

(¢7@Bmg)e™ + £(2Bmg)T¢) Ay é (06" —€ta,€)
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Baryons: SU(4/|2) Lagrangian

Q) - oL%"’O) . BEVPO) = U;VPQ) -
PO — (BIV-DB) ~ (BBM+) e (BM+B) ~ (BB) (M)
,Y(F’O) FPQ)
—(THiv-DTu) + A (THTu) + M (THMGTL) + M (THT,) u( M)
(47f) (4rf)

+2aF9 (Bs"BA,) + 2879 (Bs"a.B) + 2nPD (TVs#A.T,)

o\ Lel(am)  (mar)]

1 .
Bjj = 7 (afiNk + gl-kl\lj) project to valence sector
2 pa 1 (Pq Pa) 1 (Pa) , 2 (PQ
aN:70‘§V )77ﬁ§\’ ), UN:(7$V )+7a5\, )+7ﬁ5\, ),
3 3 6 3
_ (PO - -(PQ)
IN=AN S ON=TN
2 1 1 4
_ (PQ) (PQ) _ (PQ) PQ)
=ca - , = o™ 4 g™,
ga 3 35 91 3 35

Ian =H, gan = —C,
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Partially Quenched Set Up
[e]e] lele]

5 ay m2 ay 37rg2 892
(S op) — e~ P e, 810

mp =My — — — —
P Uty 2 (anty) \ 2 (Antr)2 " 3(Art,)2

3rAbo(da + 91)2
8my, (drfr )2
=My N T (a"’+ ’()) 8763 s _ 89w F(me, A, 1)
= — - o - - . 5 IEAY)
=T Gty 2 (@) 2 N Grf )2 ™ Banf 2
3nAba(9a +91)?
8my, (4l )2

with

A++V/D2 —m2 4 3 m? 4n?
F(m, A, p) = (A2 —m?+ ,-E)S/Z n( 22V T ) Camin (2 ) — Al (22 ).
A — /D2 —m2 e w? m2

2




Partially Quenched Set Up
[e]e]e] Je]

PQYPT

NNLO:

1 _ _ _ _
Ly = W{b?”NMiN + Y NNtr(MP ) + BY N M Ntr(M) + DY RN [tr( M )P
iy

M =kji i’ M =kji i’ i’ M = 2
TR MM T, e+ TEML) (M) T g + 17 T Tutr(MZ)

+ M (Tu ML T ) (M) + 1T, T, [lr(M+)]2}

here we see the first error from having dsea = 0.

_BY(mt +57) . bg'(m)
In SU(2), émy = S(arf, ) while in SU(4|12) dmn — D(4nf,)
oM = olant)e Oma = Rty




Partially Quenched Set Up
[e]e]e] Je]

PQYPT

NNLO:

1 _ _ _ _
Ly = W{b?”NMiN + Y NNtr(MP ) + BY N M Ntr(M) + DY RN [tr( M )P
iy

M =kji i’ M =kji i’ i’ M = 2
TR MM T, e+ TEML) (M) T g + 17 T Tutr(MZ)

+ M (Tu ML T ) (M) + 1T, T, [lr(M+)]2}

here we see the first error from having dsea = 0.

_BY(mt +57) . bg'(m)
In SU(2), émy = S(arf, ) while in SU(4|12) dmn — D(4nf,)
oM = olant)e Oma = Rty

but in the mass splittings, these errors exactly cancel




Partially Quenched Set Up

NNLO:

1)
MmMp — Mp =
n = M (47rf,r){aN
2

m‘l\'

M J(mx, A, N)
7bM+b +
(4 f)2(1 6)

2

5

(@ni)2 9aN (57’\’ - QN)
mfr 20
(47t )?

{;wgiN — 4ay(gh + gan) — an(Bg; + 1)In <
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Numerical Results

Baryon Spectrum

effective mass
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Numerical Results

choice of action and parameters

as

as~0.113 fm, — =35 mgq used for scale setting
at

ensemble: a;ms = —0.0743 My mg atd [Neg X Nsrc]
L T am, am@ | [uev] [wev] | 0.0002 0.0004 0.0010 0.0020
16 128 -0.0830 -0.0830 490 630 167 x 25 — 167 x 25 -
16 128 -0.0840 -0.0840 420 592 166 x 25 166 x 25 166 x 25 166 x 50
20 128 -0.0840 -0.0840 420 592 120 x 25 - - -
24 128 -0.0840 -0.0840 420 592 97 x 25 100 x 10 193 x 25 -
24 128 -0.0840 -0.0849 326 200 x 10 - - -
24 128 -0.0860 -0.0854 285 519 206 x 14 - - -
24 128 -0.0860 -0.0860 244 506 108 x 25 - - -
32 256 -0.0860 -0.0860 244 506 104 x 7 — - -

1<6 <11 Mev

26 = myg — my

work mostly computed on Sporades - local machine at William

and Mary
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Results and Summary
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Numerical Results
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ensemble: a;mg = —0.0743 My myg m-—_ — m_g
L T army a,m,"a’ [Mev] [Mev] | 0.0002  0.0004 0.0010 0.0020
16 128 -0.0830  -0.0830 490 630 4.8(1) - 23.2(3) -
16 128 -0.0840  -0.0840 420 592 4.5(1) 9.0(2) 22.7(5)  46.8(1.7)
20 128 -0.0840  -0.0840 420 592 5.1(1) - - -
24 128 -0.0840  -0.0840 420 592 4.9(1) 10.1(2)  25.0(3) -
24 128 -0.0840  -0.0849 326 X - - -
24 128 -0.0860  -0.0854 285 519 X - - -
24 128  -0.0860  -0.0860 244 506 4.7(3) - - -
32 256 -0.0860  -0.0860 244 506 5.6(3) - N =
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Numerical Results
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Numerical Results
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Numerical Results

M=— — M= = —a=+ NNLO
- = 4ﬂfa_ +
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M=— — M= = —a=+ NNLO
- = 4ﬂfa_ +

2" §ppys = 1.32 £0.03 £ sys. £ 0.10(EM) [MeV] PRELIMINARY
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Numerical Results

M=— — M= = —a=+ NNLO
- = 4ﬂfa_ +

2" §ppys = 1.32 £0.03 £ sys. £ 0.10(EM) [MeV] PRELIMINARY

Z[at 5 s = 0.000216(15)(sys.)(13)  [1.u.] PRELIMINARY
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Numerical Results

Z" 5phys = 0.000216(15)(sys.)(13) [1.u.] PRELIMINARY

— My — Mp =3.4£0.20 £ sys. £ 0.74 [MeV]
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Numerical Results

Z" 5phys = 0.000216(15)(sys.)(13) [1.u.] PRELIMINARY

— My — Mp =3.4£0.20 £ sys. £ 0.74 [MeV]

NPLQCD: mp—mp=226+0.72 [MeV]
Blumetal.: mp,—mp=224+012+ sys. [MeV]
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Numerical Results

1) _ mg—my
Mmg+my Mg+ My

=0.67+0.03 & sys. =0.11
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Numerical Results

1) _ mg—my
Mmg+my Mg+ My

=0.67+0.03 & sys. =0.11

4]

— =0.404+0.04
mg + my
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Numerical Results

Conclusions

@ demonstrated novel method for precisely determining
25 = myg — my utilizing baryon spectrum

@ understanding hadron electromagnetic self-energy is most
important systematic:
— investigating use of modern structure functions to
determine elastic and inelastic self-energies

@ use of anisotropic clover configurations limiting - will not be
a second lattice spacing in near future - challenging to
determine Z;, or Mgt

@ lattice determination of hyperon form factors (structure
functions) will allow for an estimation of electromagnetic
hyperon self-energies
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