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Scalar quark content of the nucleon

Nucleon quark content Motivation
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| Appears in:
> Proton structure

= N7 and NK
scattering

1= Higgs coupling
1= WIMP searches
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Related to nucleon mass derivative by Feynman-Hellman theorem

OMy _ O(N|mqggq|N)
omg omg

foMn = 04 = mq(N|qqIN) =
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Nucleon quark content Motivation
Direct WIMP dark matter detection
& a2

p/n pin @ DM (x) couples to quarks via
Higgs

@ Measured: nuclear recoil
cross-section

-y x 1= Need QCD to connect the two

Spin independent nuclear recoil cross-section for low energies:

do_a
xzX 1 2 NP
=—(Z A-Z F
ap = wyz @+ (A= 200 A d)
qZHO
— 1
with the from DM-quark couplings and quark content

=" Xq(N|gg|N)
q
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Nucleon quark content Motivation

Which quarks are most relevant?

Heavy quark relation: (sniman etal. 7) moQQ

10[3 2

mqQQ = —7—62 + O(m )
Q

Since My = (N|T//|N) and
= (1=me) [ 3 mag+ Y medq + e
i q 205
g=u,d,s Q=c,s,t
we can express the heavy in terms of the light quark content
= 2My
0 =ma(NIQQIN) = Zz" | 1= > ma(N|ggIN) | (1 + Oas))
g=u,d,s
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Nucleon quark content Strategy

Nucleon quark content

Compute matrix element mq(N|gqg|N) directly

X y
» d > 4
+
» - > 4

Or via Feynman-Hellman theorem

oMy O(N|mgag|N) .
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Nucleon quark content Strategy

FH method

1200 v/ Simple 2-pt function
_ v No disconnected
g 1100 diagrams
s v Easier

1000 renormalization

15> Needs accurate

90057 slope at physical
| | | | | H
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mud/mzzys
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Nucleon quark content Ensembles

Our Ensembles
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Nucleon quark content Mass extraction

Elimination of excited states

x
0.07F - @ Fitrange is critical
x .
© @ Exclude excited states
s- x @ Determine from data
x
x
0.06(- 0000006000 . Conservative method:
% Check that fit quality is a flat
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Nucleon quark content

Plateaux range
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Nucleon quark content Mass extraction
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Nucleon quark content Mass extraction

The curse of precise data

] I \
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o High precision ensemble
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@ Shift plateaux

© Low precision ensemble
o ranges

= - 1 @ Keep constant

excited state error
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Nucleon quark content Mass extraction
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Nucleon quark content Mass extraction

Analysis strategy

Problem:
@ Determine my = my4, ms dependence of My at physical point
Method:
@ Determine physical value of myq, ms
e Fit mg(M, Mk, Mo, n) to physical M., Mk and Mgy
@ Determine physical value of mq%
e Fit My(myq, ms) to previously determined physical m,y and mg
@ Perform infinite volume and continuum extrapolation

@ Estimate systematic error
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Nucleon quark content Analysis details

Quark mass dependence

Problem:

@ To define physical quark masses, we need a renormalization
scheme

Method:
@ Simplest choice on the lattice: m2™s = 1
e Equivalent to parameterization

amg ___phys o amyg B
Cq(azs(ﬂ) m"y> %Cq(aﬁvghysw) 1)

e Renormalization constants can be computed on the fly
e Crosscheck with Zs, Zp/Z4 where available
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Nucleon quark content Analysis details

Quark mass dependence
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Nucleon quark content Analysis details

Nucleon fit
1000
My
950 @ &y < {290,340,400}
= @ Various Polynomial,
2 Padé and YPT ansétze
= @ Spread into systematic
900 error
@ My o< My + cM;
misses physical point
850 05 10 15
m_/m°"®

Christian Hoelbling (Wuppertal) Proton neutron mass difference June 215, 2017 17/24



Nucleon quark content Analysis details

Nucleon fit

1200

o M < (290,340,400}

@ Various Polynomial,

E 1100
= Padé and xPT ansatze
1000 @ Spread into systematic
error
900}~ | | | | | o My o My + G
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Nucleon quark content Analysis details

Finite volume effects
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@ We fit leading effects %}:Mx = cM}/2L-3/2g ML
@ Compatible with yPT expectation (coiangeo et. al., 2010)
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Nucleon quark content Analysis details

Continuum limit

980

970} A

@ Formally O(«aa)
@ Subleading O(&a?) can
be dominant

@ Use both, difference
into systematics
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Nucleon quark content Systematic errors

Systematic error treatment

One conservative strategy for systematics:ewwe 200s, smwe 2014)
@ |dentify all higher order effects you have to neglect
@ For each of them:
o Repeat the entire analysis treating this one effect differently
o Add the spread of results to systematics
@ Important:

e Do not do suboptimal analyses
@ Do not double-count analyses
® Error sources considered:
e Plateaux range (Excited states)
M., My interpolations/extrapolations
Renormalization: NP running mass and matching scale
Higher order FV effects
Continuum extrapolation
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Nucleon quark content Systematic errors

Systematic error

¢
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Nucleon quark content Systematic errors

Systematic error

:
oo

x Q weight
x flat weight
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Nucleon quark content

Systematic error

Systematic errors

x AIC weight
x Q weight
x flat weight
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Nucleon quark content Results

From the effective Hamiltonean
H = H.so+/d3 (dd — Tu)
we obtain (with dm = myg — my)
om  _ -
AqcpMn = zT/,p(PWU — dd|p)

which, together with

(‘ = 5’") £+ (1 - ’”“d) M (pldd — Bulp)
d

1)
! 27" am, 47" 26m) 2M2

u/d —

gives (r = my/my)
fo/n :< r ) oyl ( ! ) BacoMy O(5m?, mygdm)

u 1+r) YW= 2\1—r My
po/n [ 1 v 1/ 1 AgcoMy 2
fy = (1 n r) = 5 (1 — r) My + O(6m=, mygdm)
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Nucleon quark content Results

ReSU|tS(BMWc. 2015)

Direct results:

fN, = 0.0405(40)(35) o, = 38(3)(3)MeV
fN = 0.113(45)(40) ol =105(41)(37)MeV
QCD (BMWc 2014)
7 =0.0139(13)(12) ff = 0.0253(28)(24)
f1=0.0116(13)(11) f1 = 0.0302(28)(25)

With heavy quark relation

fy = 0.063(4)(1 + O(as))
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Nucleon quark content

Results

PRELIMINARY result on new dataset
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Compatible with old results
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