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The MM coupling

Minimal MOM coupling

« aka ghost-gluon coupling, because it is
based on ghost-ghost-gluon vertex

 defined in a particular MOM scheme in
general covariant gauges

« defined beyond lattice QCD

[L. von Smekal et al (1995)]

2
g
a(p*) = > Z(P*)G*(p%)

Propagators (Landau gauge)

« Ghost propagator function:

G(q*)
ab _ ab

» Gluon propagator function:
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The MM coupling

Minimal MOM coupling

« aka ghost-gluon coupling, because it is
based on ghost-ghost-gluon vertex

 defined in a particular MOM scheme in
general covariant gauges

« defined beyond lattice QCD

Minimal MOM subtraction scheme =

[L. von Smekal et al (1995)]

oM (p2) = 0 7(p2)G2(p?)

47

Propagators

 renormalised as in MOM scheme

2 _
Z(p)| oy =1
2 _
G| oy =1
Vertex
7, = 75

%Zg

%Zg

Landau gauge
Z1 =1

modified Minimal subtraction scheme + MOM subtraction scheme



Relating a coupling to the MS scheme

At large enough scales (a = a8_5/47r)
Oavs(1?
oS Blas) = p? O‘a;‘; )
5_ — 14 Dia+ Dya® + Dsa® + O(a*)
aMs
nf =9
o s (Mz)




Relating a coupling to the MS scheme

Alternatively, " Aqcp”

1 da
In — =

Ay ) B5(a)

Exact relation between schemes
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Relating a coupling to the MS scheme

At large enough scales (a = ozZ"_S/47r)
Do (12
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The MM coupling

2
g
aMM(p?) = ﬁz(pz)Gz(ﬁ)

Relation to MS
[L. von Smekal, K. Maltman, A.S., PLB681, 336 (2009)]

up to 4-loop order

(a = aM/7)

MM _
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BYM function

M =225 (N. = Ny =3)
da(p?) Z. MM — 4.0 — 0.422¢ — 0.281£2 + 0.141¢3
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MM refer to [PLB681:336 (2009)]
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[for £=0 (i.e., Landau gauge) MM scheme = Taylor scheme of Boucaud et al. (2009-12)]



Minimal MOM coupling on the lattice

2
g5 (a) 2N,
ag"(p) = =—Z(p,a)G*(p, a) 96(a) =
47 s
Recipe Advantages
1) generate / download gauge « no vertex, only 2-pt function
configurations (any flavor) (much less noise)
2) gauge-fix these to Landau gauge « B-function (and relation to MS)
propagator in momentum space « good understanding of lattice
(diagonal momenta only) spacing e;fe2cts — better use of
4) extract dressing functions using data at a’p” > 1
the correct lattice tree-level form « could be used to determine a(ﬁ)

> for plain Wilson action:

ab __ gab ﬁuﬁu Z(p2>
Dw/<p) - 5 (duv _ ]32 ) ]32

G(p®)
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Minimal MOM coupling on the lattice

g5 (a)

2N,
ag™(rop) = Z(rop, a)G*(rop; a) go(a) = 5

Momentum / Scale

,
- Express all lattice momenta in units of r;: ap — rop = —O(B) - ap

a
 Use as input ry/a(p) values from

- N;=0: Necco-Sommer interpolation formula [Necco&Sommer (2002)]

- N;=2: new QCDSF values for chirally extrapolated ry/a(B) [Bali&Najjar (2012)]
- N;=2+1: (currently) QCDSF values for ry/a(f) [Bali&Najjar (2012)]

« Seems ok: no deviation seen in the data for different 3
 Why QCDSF values?

- we use their N;=2,2+1 configurations available via ILDG




Minimal MOM coupling on the lattice
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« data for different B overlaps almost completely, as it should

« understanding the small deviations is the subject of the talk

* also, no visible quark mass dependence



Minimal MOM coupling on the lattice

2(
a) 2N,
MM _ 2 2 _ C
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« data for different B overlaps almost completely, as it should

« understanding the small deviations is the subject of the talk

* also, no visible quark mass dependence

Why should | care about
these deviations?



Minimal MOM coupling on the lattice

g5 (
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 for unquenched configurations: access to large momenta

is restricted

* nonperturbative and other effects sneak in

Why should | care about
these deviations?



Effects

At smaller scales

* higher-loop contributions
e condensates

- dim=4 gluon condensate
- dim=2 condensate (maybe)

e non-perturbative corrections

At larger lattice momenta

« hyper-cubic artifacts due to finite a

Effective description of data

'-.‘l_‘l\l | IIIIIII | I IIIIIII
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/ (A*)? Boucaud et al., see Petrov's talk

C
QMM oMM (2) [1 i —2] (1 + c10%p® + caaph)

 Correlation of different fit parameters: have to carefully entangle this



Let's play safe: 4-loop regime

(introduced above)

4-loop relation: MM — MS

__ — - — 2 —\ 3 —\ 4
QMM [ 5] — o175 <1+d1a2"5+d2 (a¥5)" + ds (a5) +o((agﬂs) ))

1GeV? 10 GeV? 100 GeV? 1000 GeV?

“Back-and-forth” ratio o | e o

ol [a |a¥S (rgp?) ||

o)

S

0.95

rel. deviation

0.90

Fits to pure 4-loop running

T T T T I T T T T | T T T T

« stay above ~100GeV?, if possible 0.85




Data at sufficiently large momentum

Fits to 4-loop running

0.30

* have to stay in perturbative regime [
rép® > 500 0.25 |
N;=0 calculation 2

* access to large momenta easier 0.15 |

(reasonable large volumes)

« B=6.5—7.20 on 484, 64* feasible

0.20 |

0.10 |

T




Data at sufficiently large momentum

Fits to 4-Ioop running 0-6 10G|eV2 T T T L Il(IJOI ?evz T
i B =525k =0.13575,24 x 48 4 ]
. . . L Kk = 0. ,24% x 48 —=—
« have to stay in perturbative regime § B = 5.20, m = 0.13500, 24° x 48 ]
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03 F - -
° - =3 i
_ R - _
0.2 - "‘"‘fw@% -
01 L— v i T AR '
100 \ 1000
N/=2 and N;=2+1 N )
 access to large momenta limited
Have to get most out of the data
* 9. QCDSF at larger lattice momentum
- N=2: [B=5.29,5.40, 48%x64
— Ny=2+1: B=5.50, 5.80, 32%x64 — need to understand lattice

discretization effects



Ghost dressing function

At 1-loop order LPT
[1(ap)

a—0
a2p?2 =1+ g5 [F(a2p2) - AG(CLP)] =" 1+ g5 F'(a”p?)

Za(ap) =1+

F(a*p?) =1+ g (c1log(a®p?) 4 c2)

Ghost self-energy at 1-loop LPT [Kawai et al. (1981)]

k8, —(1—a)k,k,JK*  —~
d’k 8., —(1-a)k.k./k (75K,

(a) 2
- N a I A ————
H gO 5 b Ep (217_)4 kz(p +k)2

+ k),
xcos%gﬁucos(p 2 ) a’

d*k 8., —(1—a)k.k, /K>
2mr)* k*

I® ={5g%5a°Nés, ¥ p“uﬁuawj‘
‘,L,V




Ghost dressing function

Hypercubic corrections

At 1-loop order LPT /

II(ap a—0
(pz) =1+ gg [F(a2p2) + Ag(ap)] =1+ gSF(a
F(a*p?) = 1+ g (c1log(a’p?) £ c2)

X

[Kawai et al. (1981)]

Za(ap) =1+

Ghost self-energy at 1-loop LPT

d*k 5“1,—(1 )k kK~
(27m)* k (p+k)

I® =giNs., ¥ f (p+Kk)
M,V

+ k),
xcos%gﬁucos(p 2 ) a’

d*k 8., —(1—a)k.k, /K>

(b) _ 2 A A
- 3& v v J‘ A~
H 1280-’1 N b Ey pli-p 6#— (277_)4 k2
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Ghost dressing function — hypercubic corr.

(exact)
At 1-loop order LPT
II(ap Y
Zg(ap) =1+ a(2]32) =1+g [F(a2p2) + Ac(ap)] 20 | 2 F(?p?)
\\\\\
Lessons | numerical integration

« diagonal momenta come with
smallest deviations (not zero!)

e use always correct lattice . -0.01 .
tree-level structure 4 I

* Remember: ghost propagator at . . . ]
lattice tree-level -0.02 - 7
1 - p% (1,1,1,1) —— Y e ]

G°(ap) = —= - 1,0,0,0) ———-

a“p - p* (1,1L,1,1) -

- 1,0,0,0) -------
_003 1 Ll 1 Ll ] vl 1 [N

27k, X 2 . /Dy 0.01 0.1 1 10 100
- = —S1n |\ —
Pu L, Pu a ( 2 ) a’p?



Gluon self-energy

At 1-loop order LPT

Thanks to H.Perlt for the 3gl and 4gl-vertex functions



Gluon dressing function — hypercubic corr.

(exact)

At 1-loop order LPT

Zp(lap) =1+ 3022 — 1+ gg [F(azpz) + AD(ap)} =14 g%F(a2p2)
\\\\
Lessons o - T (L T
« Same as for ghost 0.02 | E
« Remember: gluon propagator at 0.01 .
lattice tree-level
4 0
1 Pubv i
0 _ N
D" (ap) = e (5u1/ — /;52 ) 001 | b
-0.02 | -
-0.03 i Ll L ||‘\|‘.|||| ! |\I\w|||||| Ll
0.01 0.1 1 10 100



Gluon dressing function — hypercubic corr.

At 1-loop order LPT
I1(ap)

ZD(a’p) =1+ 3@2]32 —

Lessons

e Same as for ghost

« Remember: gluon propagator at
lattice tree-level

0.02

0.01

Ap

-0.01

(exact)

a—0
1+ g2 [F(a*p?) + Ap(ap)] =" 1+ gaF(a*p?)

[ T [
Ny =2, ]52: (1,1,1,1) iy
I MN
ma = 0.0010747
" ma = 0.01?7502 I I
0.01 0.1 1 10 100



Subtracting corrections

In perturbative regime

ayic: (rops ap) = " (rgp?) + go (Az +2A¢) +0(gp)

1—loop corrections

Subtracting exact 1-loop corrections
M, sub(Top; ap) = a™ (rgp?) + O(gg)

Hyper-cubic Taylor expansion of higher order corrections

MG sub (T0p; ap) = o™ (r5p?) + g5 (c2 - (ap)” +ca - (ap)* +...) + O(gg)

(for diagonal momenta)



Subtracting corrections — 1-loop is not enoug

It turns out Fits, make sure that

s 1-loop corrections remove only a 1) stay in perturbative regime

minor part of the effects 5 - > 000y
r > 600 > e
@ Most of the effect can be described oP (p )

by a global fit to the data

(simultaneously for different f3) 2) avoid too large lattice momenta, but

still sufficient enough
@ 3 Parameters (in total)

S 17 < a?p* < 34

@ C2,C4

ref »

Global fit function ﬁ gi(@) = =

amh(g,sub(TOpv 6) — EX,I;/IM(Tgpza 0422%) T g(6) (62 ) (Cbp)2 T C4 (ap)4)

> _

TV VO
cont. running leading corrections



One global fit

T T T T T T :I6.2I T T T T I
=6.5 N 0.15
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Global fits

Varying the fit window /

x <27
2.2 2 2 <2 =
. Lower cutoff  rgp” > 600 (p° > 90GeV?) [ ==
17 < 2 9 < 34 1600
» Upper cutoff <a’p® <
Er —
$h
0-132 _I T T T T T T al2 2| |<I27| T | T |
i Pmax 200 1 mt | roA@ 2e:05 |- %
R <32 F—a— MS s i
0.131 <34 F—e— I % | IR
i - 0.69 _ HHB{ 1 m £ 1
0.130 : Ei - 0.68 ! I ﬁ H
%- B i? —3067 T
Lo . ] 400 800 1200 1600
E i Hi 3 0.66 i
<0129 iﬂiﬁﬂnﬂ'ﬂ 1 o6 1 o
- 1 0.64 08 |- e i
0.128 T 3
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i 3 0.62 2
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Unquenched data after (fitted) subtraction

i 5—525/{—013575243><48 —a—] A

KX k= 0.13600,24°% x 48 F—=— -
- B =5.29, k = 0.13590, 243 x 48 -
0.30 + k= 0.13620, 243 x 48 |—=— —
- k= 0.13632,323 x 64 —e— -
2 k = 0.13640,40% x 64 —e—1 -

5—540m—013610243x48 —a—71 -
k = 0.13640,323 x 64 +—=— -

s 025 K = 0.13660,323 X 64 H—e— —
s - 483 x 64 +H——o— A
S i ai\l/”vlloop(ropz) T
0.20 + _|

- correction subtracted

0.15 + | |
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First three-flavour results

0.55

0.50
0.45
0.40
0.35

o™ (r2p?)

0.30
0.25
0.20

(/83 Ki, HS)

&

(5.5,0.121095,0.120512) +----+
(5.5,0.121145,0.120413) —=—

0.15

—_
)

Currently

* Only data sets for one 3 = 5.50, more to come

e Encouraging: Data is in the right ball park

15)
'7)
)9)
1)
12)
14)
)5)
)6)
)8)
18)
19)

world-averages (2000 2009)
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Conclusions

Minimal MOM coupling

 data at sufficiently large scales allows for high-precision determination of AMS

« if scales to small, nonperturbative / condensate / perturbative effects mix up
- Effectively 1/p? corrections to 4-loop running at lower scales — <A2> ?

— fix AMS first at large scales, then check behavior at lower scales

Problem and solution

 access to higher scales restricted (in particular for Nf=2,2+1)
» Understanding of lattice artefacts important (mainly hypercubic corrections)
« Have calculated exact 1-loop corrections (unfortunately only minor fraction)

« Remaining hypercubic corrections are fitted (global 3-parameter fit)



Conclusions

Values for AMS

o Still investigating systematic error (3 fit parameters are anti-correlated)

* Preliminary values are in agreement with other studies (please do not copy yet)

rOA% —0.61...0.65 7M™ 940, 956MeV
TOA% —0.72...0.82 7L og4  393MeV
r0:g5fm

(TOAS_% —0.79...0.85 312 . .335Mev)

Aim of talk was to show

* method is reliable

 precision is a matter of understanding finite lattice spacing corrections



— Advertisement —

New analysis of nucleon mass data (QCDSF)
- for N,;=2 we find

138 200 300 400 my [MeV]

I I I I

ro = 0.501(10)(11) fm
orN = 37(8)(6) MeV 3.0 |-

TQMN

 more details will

appear on the arXiv 25
the next days
e or visit LHP IV I fit
i QCDSF (‘11): roo = 0.273(25)
QCDSF (‘12) 3
physical point
20 1 1 1 | 1 1 1 | 1 1 1 |
0.0 0.4 0.8 1.2

. (rgmr)
(more points than shown entered the ]Qlt)



Thank you for your attention!
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