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2005: c VCdO”{;V+ e?

e The D and Ds decay constants were
predicted by Fermilab/MILC to 10%
before the experiments were done to
that accuracy.
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m ] ! . Caveat: We claimed a success, but as

: : calculations become increasingly
E : accurate, at some point we do not expect
150 ——1 '1 L S perfect agreement between the Standard
"y Model and experiment.

Fermilab/MILC, Phys. Rev. Lett. 95: 122002, 2005. Where will that point be?
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2008:

e Uncertainties in fps from experiment and in the Fermilab/MILC
calculation have been reduced, theory has stayed low and
experiment has stayed high.

e New calculation from HPQCD:
fk = 157(2) MeV fp = 207(4) MeV

f/fr = 1.189(7) fps = 241(3) MeV
(fr, Tk, and fp correct to 2%.)
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Fermilab/MILC D, Ds, B, and Bs decay constants

¢ |Improved staggered (asqtad) light quarks,

e Clover/Fermilab O(a) improved heavy quarks.

e MILC 2+1 flavor Symanzik improved gauge

configurations (phys. Rev. D70:114501, 2004).

Ensembles:

a [fm| am;,  amy B ri/a configs #m,

0.09 0.031 0.0031 7.08 3.69 435 11
0.0062 7.09  3.70 557 10
0.0124 7.11  3.72 518 8

0.12  0.05 0.006 6.76 2.64 529 12
0.007  6.76  2.63 833 12
0.01 6.76  2.62 592 12
0.02 6.79  2.65 460 12
0.03 6.81 2.66 549 12

0.15 0.0484 0.0097 6.572 2.13 631 9
0.0194 6.586 2.13 631 9
0.029  6.600 2.13 440 9

Paul Mackenzie

We are finishing a reanalysis of
our existing data and preparing
for new runs this year with four
times the statistics.
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Fermilab/MILC D, Ds, B, and Bs decay constants

¢ |Improved staggered (asqtad) light quarks,

e Clover/Fermilab O(a) improved heavy quarks.

e MILC 2+1 flavor Symanzik improved gauge

configurations (phys. Rev. D70:114501, 2004).

Ensembles:
a [fm| am;,  amy B ri/a configs #m,
0.09 0.031 0.0031 7.08 3.69 435 11
0.0062 7.09 3.70 557 10
0.0124 7.11 372 518 8
0.12 0.05  0.005 676 2.64 529 12
0.007 6.76 2.63 833 12
0.01  6.76 2.62 592 12
0.02 679 265 460 12
0.03  6.81 266 549 12
0.15  0.0484 0.0097 6.572 2.13 631 9
0.0194 6.586 2.13 631 9
0020 6600 213 440 (9 )
_— L

Paul Mackenzie

We are finishing a reanalysis of
our existing data and preparing
for new runs this year with four
times the statistics.

Partially quenched staggered
chiral perturbation theory used
to extrapolate to the chiral and
continuum limits.
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The decay constants are defined by

<O | Ay | Hq(P)> = iquPu

The combination

¢Hq — qu\/qu |

IS obtained from a combined fit to

Colt) = (O, (1) On,(0))
Ca,(t) = (A4(t) On,(0))

The current renormalizations are obtained from

Qq Q0 ~44
Znd = Pii \/Z Zy,
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The decay constants are defined by

<O | Ay | Hq(P)> = iquPu

The combination

Or, = fH,\/MH,

IS obtained from a combined fit to

Colt) = (O, (1) On,(0))
Ca,(t) = (A4(t) On,(0))

The current renormalizations are obtained from

Qq Q0 ~44
Znd = Pii \/Z Zy,

T \onpertu rbative.

Very nearly unity.
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Staggered chiral perturbation theory.
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Aubin and Bernard.

¢Hq — (I)H [1 + AfH(me ml7mh) +pH(mQ7 mp, mh)}

L+ 39% 17 T+
Afy = —— JHHr [hq+h{]+a2 (5f4h;;‘+5’vh}j)}

2(47 fr)?
p = : 5 [p1(my, myp,) + pa(mg)|
2(4m fr): Global fit to all partially
B 11 o (3~ 1 quenched data at all lattice
P = filAy) ?”(zml ) +a (QA i §A]>] spacings used to obtain results.
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Staggered chiral perturbation theory.
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2 2 Aubin and Bernard.
Taste breaking effects in meson

MasSSeSs.

¢Hq — (I)H [1 + AfH(me mlamh) +pH(mQ7 mp, mh)}

L+ 39% 17 T+
Afy = —— JHHr [hq+h{]+a2 (5f4h;;‘+5{/h}j)}

2(47 fr)?
p = : 5 [p1(my, myp,) + pa(mg)|
2(4m fr): Global fit to all partially
B 11 3~ quenched data at all lattice
P = filAy) _§“<2ml ) + ( At 3A]>] spacings used to obtain results.
5 3

p2 = folly) | gpmg +a ( A—§A[ ] ,
AL
A= 15 2.¢ nele
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Staggered chiral perturbation theory.

2 9 Aubin and Bernard.
Mab,§ = (mq + mp)p + a”A¢ | |
Taste breaking effects in meson

MasSSeSs.

o1+ A
Pt1g = Vi [L+ D (mg, mpmy) + pr(mg, my, my)| Analytic and nonanalytic taste-
/ breaking effects in decay

|+ 342 constants.
fH (i f,)? q T qu oyl

Global fit to all partially
gquenched data at all lattice
spacings used to obtain results.
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®p and @Pps chiral extrapolation
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Paul Mackenzie

Slope is larger in the continuum
limit. Taste breaking effects
suppress the logs at finite a.

My I'y . (Zm/Zﬂlne)
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®s and ®ps chiral extrapolation
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®p/Pps chiral extrapolation

D; joint fit; ratio_gsq.2601_LsLaQ2Q4_1.fit
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Error budgets

Improved this year.

®ps ®pq RP ®ss O % RB

Statistics 3.1 3.8 1.0 2.1 3.1 1.8 | 2007
1.0 1.5 1.0 2.5 3.4 2.2 | 2008
Inputs r1, ms, m 14 2.1 0.6 1.8 2.5 0.6
Input m¢ or me 2.7 2.7 0.1 1.1 1.1 0.1
Z 1.4 1.4 <0.1 1.4 1.4 <0.1

Higher order pa4 0.1 0.1 <0.1 04 04 <0.1
Heavy q discretization| 2.7 2.7 0.3 1.9 1.9 0.2
Light g disc. & x extr. | 1.2 2.6 1.6 2.0 2.4 2.4

4 0.2 0.6 0.6 0.2 0.6 0.6

Total systematic 4.5 5.3 1.8 3.8 4.4 2.6
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Error budgets

Improved this year.

®ps ®pq RP ®ss O % RB

Statistics 3.8 1.0 2.1 3.1 1.8 | 2007
1.5 1.0 2.5 3.4 2.2 | 2008
Inputs r1, ms, m 14 2.1 0.6 1.8 2.5 0.6

Input Mo or ms @ 27 | o1 | 11 | 11 | o1

Z 1.4 1.4 <0.1 1.4 1.4 <0.1

Higher order pa4 0.1 0.1 <0.1 04 04 <0.1
Heavy q discretization |[( 2.7 )| 2.7 0.3 1.9 1.9 0.2
Light g disc. & x extr. | 1.2 2.6 1.6 2.0 2.4 2.4
4 0.2 0.6 0.6 0.2 0.6 0.6

Total systematic 4.5 5.3 1.8 3.8 4.4 2.6
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Results

Paul Mackenzie

fr =207 (11) MeV
fos = 249 (11) MeV
fs =195 (11) MeV
fas = 243 (11) MeV

fo/fos = .833 (8)(17),

fa/fas = .803 (18)(21).

July 28-Aug. 1, 200
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Comparison of fps with experiment

@ | ' @
207 (9) CLEO 270 (8) Experiment average
@ { : @
207 (11) 249 (11) Fermilab/MILC
—o—i o
208 (4) 241 (3) HPQCD
| | | I | | | I | | | I | | | I | | | I | | | I | | | I | |
180 200 220 240 260 280 300 320
fD fDs (MeV)

e For fp, good agreement between experiment, HPQCD and Fermilab/
MILC.

® For fps,
e Agreement between HPQCD and Fermilab/MILC,
e 1.6 o disagreement between Fermilab/MILC and experiment,

e 3.5 0 disagreement between HPQCD and experiment.

Paul Mackenzie
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Comparison of fp/fps with experiment

Experiment (avg.) || + I

Fermilab/MILC | l I
HPQCD H-l

0.769 (40) 0.833 (17) 0.859 (8)
1 | 1 1 1 1 | 1 L L 1 | 1

0.6 0.7 0.8 0.9 1
fD/fDs

e For now, looking at fp/fps doesn’t clean up the picture.
e A slight disagreement between HPQCD and FNAL/MILC develops.

e Experimental uncertainties are independent, and add in quadrature.
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Theory vs. experiment for fps

e 3.5 o discrepancy is dominated by experimental stafistical
error(!).

e Double HPQCD theory error bar, discrepancy — 3.30.
e Triple HPQCD error (and include Fermilab/MILC 2005 value) — 3.10.

® fps should be easier than fp, but fp, fx and f come out fine to 2%.

e \What if the discrepancy is real (Kronfeld talk Friday)?
e Kronfeld and Dobrescu, effect could be caused by:

e (Charged Higgs (in a new 2HDM)

. —_—— ——
e | eptoquarks (of two ilks) |
207 (9) CLEO 270 (8) Experiment average
————— f———o——
207 (12) 249 (11) Fermilab/MILC
—e— 12—
208 (4) 241 (3) HPQCD
L l 1 1 1 l 1 1 1 l 1 1 1 I L L 1 l 1 1 1 I 1 1 1 l 1
180 200 220 240 260 280 300 320
fD fDs (MeV)
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The view from CLEO (Sheldon Stone):

Conclusions

We are In close agreement with the Follana et
al calculation for fy+. This gives credence to
their methods

The disagreement with f, is enhanced

] | CLEQ Di=ep*v+ T v, 151"V
* | Belle D} =p*v
2 | CLEQ D=1ty 77— &* v
206.7+8.9 —8—i CLEO D = p*v —e— O Average
270.4+£8.3
— &<  Unguenched Lattice QCD (Follana et al.)
208+4 241+3
I I L] 1 | I L] 1 | I

180 2000 220 240 260 280 300 320 340 260

fip f|::5 (MeV)
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Outlook

e Reanalysis of our existing data is being completed.

e Bringing down several of biggest uncertainties.

e New runs are starting to quadruple the current statistics.

e Should help with most of the uncertainties.

® fpstheory vs. experiment remains a puzzle.

e A good target for other fermion methods.
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