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QCDSF related talks with 2 + 1 flavours:

e James Zanotti Monday 19/6/17 17:20 (Andalucia II1)
Isospin breaking effects on nucleon structure from fully dynamical
QCD+QED

e Ross You ng Tuesday 20/6/17 17:50 (Andalucia 111)

Partonic structure from the Compton amplitude

° HO|g€I’ Pel’|t Tuesday 20/6,/17 19:30 (Palacio de Congresos) [Poster]
The IMOM renormalization scheme on the lattice

° Hinnerk Stu ben Tuesday 20/6,/17 19:30 (Palacio de Congresos) [Poster]
An update on the BQCD Hybrid Monte Carlo program

e Gerrit Schierholz Friday 23/6/17 15:00 (Seminarios 6+7)
Dynamical QCD+Axion simulation: First results

e Paul Rakow Friday 23/6/17 17:50 (Seminarios 1+2)
Charge creation, finite size effects, and infra-red photons in simulations of
QCD plus QED
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Introduction

e Background:
e Given 2 + 1 simulations (at quark masses larger than physical quark
masses), how can we usefully approach the physical point?
e Possibility: SU(3) flavour expansion about flavour symmetric line

Extend expansion to PQ quark masses (ie valence quarks # sea
quarks)

Determine (quenched) charm quark

Open charm masses

Conclusions
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[arXiv:1102.5300 |
. m
RY

2 4 1 simulations: many paths to approach the physical point

[my = myg = my case]

\ 9& (ml"ms')

~m=const.

QCDSF: extrapolate from a point on the SU(3)r flavour symmetry line to the
physical point

(m07 mU) — (m77 m:)
Choice here: keep the singlet quark mass m constant

m=my=

3 (2m; + ms)
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QCDSF strategy [arXiv:1102.5300 |
e develop SU(3) flavour symmetry breaking expansion for hadron

masses

e expansion in: SU(3) flavour symmetric point §mg = 0

dmg=mg—m, m=3i(m,+ mg+ ms)=mg

e expansion coefficients are functions of m
e trivial constraint

omy +odmyg+dms =0

e path called ‘unitary line' as expand in both sea and valence quarks
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SU(3) flavour symmetry breaking expansions [known to O(3) in 6, ie NNLO]

e octet pseudoscalar mesons:

M2(aB) = ME. + a(oma + Smp)
1
+ Bo 5 (5 + 6my + 5m2)
2 2 2
+ B1(5my + 5mp) + Ba(Sma — Smp)

+ ... [a, b = u, d, s (outer ring)]

e octet baryons:

MN2(aab) = M3y + AL(25ma + Smp) + Ay(Smp, — Sma)
1
+ By g (8mp + 5mG + 5m?)
+ By (25m2 + Sm2) + By(5m3 — 5m2) + B3(8my, — 5ma)?

+... [a, b = u, d,s (outer ring)]

MN\2(aab) = M@y + AL(28ma + Smp) — Ay(Smy — Smy)
+ BO%(&"Z + 6m‘21 + 5m2) stable under strong ints.
u s
+ BL(25m2 + Sm3) — By(Smp — 5m2) + By(Smy, — Sma)?

. [a, b =1, s (when no A% — 0 mixing)]
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Singlet quantities

e Pseudoscalar mesons (centre of mass):
T2, 2y 2, g
6\ KT KO wt T

2 2y _ 2
+ Mg + M) = (0.4116 GeV)

1 2
- M+ (gﬁo + 561+ Bz) (8m2 + 5md + 5m?) = Mg + O(5m2)

e Octet baryons (centre of mass):

2 1.2 2 2 2 2 2 2
Xy = 5(Mp My ME + ME 4 MZg + M2 ) = (1.160 GeV)

2 1 2 2 2 2 s 2
= Moy + g (Bo + By + B3)(8mj, + dmy + dmg) = Moy + O(5mg)

e Many other possibilities

1
E(M%+M,2\J S—A
2 1.0 2 *
M2, 5 (MR + M2,) s=%*.4
2 1 B
x2=-0 1. .o 2 2 2 2 2 _
5 6 (Mt T Mo + Moy + M2 M2 o My ) S=p

S =ry,ty, wo
S=f

1/8.1/t9.1/w3

§ it + g0+ g )

e Form dimensionless ratios (within a multiplet):

M2 . Ai
2 SZW’Nw“: Ai 2’ PR
XS MON

w? =

Open Charm mases

Conclusions

[no QED, my = my, FLAG3]

0

stable under strong ints.

baryon octet
baryon decuplet, unstable under QCD
vector octet

force, Wilson flow scales

decay constants

in expansions
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Lattice

e O(a) NP improved clover action

o tree level Symanzik glue

o mildly stout smeared 2 + 1 clover fermion

e (3 =[5.40],5.50,5.65,5.80,5.95 [24°> x 48, 32° x 64, 48° x 96|,
unitary M, ~ 220 — 410 MeV [M, L > 4]

0.8 T T T T T

(B.k;)=(5.50,0.120950) &

1 1 1
mg = S\l —
Kq Roc

KQc is chiral limit along symmetric line

e Path in quark mass plane
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Constancy of Xg
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Use this constancy to determine the scale
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Scale
0.005 : ‘ ‘ ‘
0004
£ - ]
X : .
ﬂ><” E 1
S 0.003 |
¢ :
F . ]
f Normalised to B=5.80
OO0 e atao Bide eiedBid6  B148 520 L s s s
: : v : 148> 0.0000 0.0025 0.0050 0.0075
: T
® Crossing of ° Bo = 5.80
LAT 2 b
a% _ Xs 2(8) (,30)*% ( 1 s )>
- = — ex| —— (B = F
X;xP 2 32(;’#0) B P 10by 0
for (m, N), ... determines the
SU(3) flavour symmetric starting ® a~0.052, 0.059, 0.068, 0.074,

point kg and the scale a2 [0.082] fm
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Reaching the charm quark mass range
e Unitary range rather small so introduce PQ partially quenching (ie valence
quark masses # sea quark masses) and NNLO
e Furthermore can generalise to different valence quark masses, /i to sea

quark masses m, without increasing number of expansion coefficients

Opg = pg —m

o Meson octet Useful: 112 = M2/X2; G(7) = o /M. . . .
WP(ab) = 1+ &(6ua + Spp)
,(%{;1 + B2)(6m> 4 6m% + 5m?) + Ba(Sp® + 512) + Bo(Spa — Spp)* + . ..

e Baryon octet Useful: (12 = M2 /X3 A; = Aj /M2y, . . .
2 (aab) = 1+ Aj(26pa + Spp) + Ax(Spp — Spa)
—(By + B3)(6m2 + 5m3 + 8m2) + By (2612 + 6u3) + By(oud — 5u2) + By(Sup — opa)® + . . .
W2(aa’b) = 14 Ay(201a + S1p) — Ag(Spp — Spia)

2 P 2 2 2, & 2, o2 B 2 2\, & SN2
—(By + B3)(dmy, + dmy + 6m3) + By (28 g + dpp) — Bo(Supy — Suy) + Ba(Spp — Spa)” + ...

® mixed sea/valence mass terms

e unitary limit: dpq — dmyq
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Method

e Use PQ data to determine expansion coefficients

o @, f3, 4 — meson octet
e A B, C — baryon octet

e Determine ‘physical’ quark masses

dmy,  dmy,  dml, Sul

by f|tt| ng to (eg) [FLAG3 where possible, minimise isospin effects]

exp exp exp( =
Mﬂ' ’ MK ’ Mnc (CC)

e Can then determine open charmed states



PQ expansions/charm gm
o (fine) tuning

o If miss (slightly) starting point on SU(3) flavour symmetric line
e Tune using PQ results so that get physical values of (say)

exp exp exp
M XS M

correct

e Gives

M Opy

e Philosophy: most change is due to change in valence quark mass,
rather than sea quark mass 57 = (281 + 5uk)/3 # 0 necessarily

e Modifying dimensionless appropriately gives

- - XlAT2 Xexp2
M (ab) - M (ab)/c €= X[AT2/XeXp2

e c =14 0O(1%), ie typically a ~ 1% effect
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Determining the expansion coefficients
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Determining ‘physical’ quark masses
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Open Charm masses

Can describe states with same wavefunction (and hence expansion) as
previously used

e pseudoscalar mesons

which all have the wavefunction M = Gy5c q = u,d,s
e baryons
e single open charm (C = 1) states
Y (uue) , 22(ddc),  QY(ssc)

¥ (lc)

which all have the wavefunction B = €(q” Cygc)g g = u,d, s

e double open charm (C = 2) states

E:f’(ccu) ,E;’C(ccd) Q:“C(ccs)

Zcc(ccl)

which all have the wavefunction B = s(cTC'ysq)c q=u,d,s



Open Charm mases

SU(4) 20-plet

Present status of results [we presently only have my = my = m; results]

c S I3 baryon wavefunction
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30 e(dT Cvysc)d
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Charmed pseudoscalar mesons
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o D.(cs) [ie DF(c3)], D(cl) [ie D°(cu), Dt (cd)] [+Dashen to minimise QED effects]

® D(c5) — D(cl), ie SU(3) flavour splitting effects

® very small lattice artifacts
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Charmed C =1 baryons
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® Q.(ssc), [ie Qo(ssc)], Zc(llc) [ie TF(uuc), T(ddc)]
® QOc(ssc) — Xc(llc), ie SU(3) flavour splitting effects

® very small lattice artifacts
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Charmed C = 2 baryons

PQ expansions/charm qm

Open Charm mases Conclusions
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Qcc(ces) — Zcc(ecl), ie SU(3) flavour splitting effects

[Inflate final error bar]
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Comparison with (some) other results

3200 T T T 4000 T T T T
® QCDSF LAT17 ® QCDSF LAT17
© HPQCD [arXiv:1008.4018] [ epacs—cs|arx ]
3000 2 RaCD farxiv1503.08440) —oe 1 3800 - o pace: [a,x‘[ﬂi&afs"g“] {
® ETMC [arXiv:1603.06467] RQCD [arXiv:1503.08440] % 'i
HSC [arXiv:1610.01073] [ ®Alexandrou et al [arXiv:1704.0264 ]
2800 | ] 3600 lexandrou et al (arXiv 7 aglee
3400 - ]
2600 + ]
3200 1
2400 + ]
3000 1
2200 + ]
2800 - 1
2000 1 e ] 2600 [ ¢ ]
e el
1800 | 1 a0l ]
1600 = : . 2200 ! . = t
D D, Ne Z, Q. e Qe



Conclusions
Conclusions

e For u, d, s quarks, have developed a method to approach the
physical point
e Precise SU(3) flavour symmetry breaking expansions — nothing
ad-hoc
e Extend expansions — PQ (mass valence quarks # mass sea quarks)
to
e better determine expansion coefficients
e determine c quark mass
e Applied method to determine some open charm states.
e O(a%) extrapolations rather delicate
e Future:
Immediate: A., N-octet
Extend to my, # my
® mixing:
in a2+ 1 world no X% - A° mixing, but determined coefficients can
be used to determine X°(uds) - A°(uds) mixing
generalise to eg X&' - AY, =2 - = mixing
e baryon decuplet
e QED effects
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