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Uncertainty in Newton’s constant and precision predictions of the primordial helium abundance
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The current uncertainty in Newton’s constaByf; is of the order of 0.15%. For values of the baryon to
photon ratio consistent with both cosmic microwave background observations and the primordial deuterium
abundance, this uncertainty (@, corresponds to an uncertainty in the primordtéle mass fractiorYp of
+1.3x10 4. This uncertainty inYp is comparable to the effect from the current uncertainty in the neutron
lifetime 7,,, which is often treated as the dominant uncertainty in calculatiors;0fRecent measurements of
Gy seem to be converging within a smaller range; a reduction in the estimated ei@y by a factor of 10
would essentially eliminate it as a source of uncertainty in the calculation of the primékitiahbundance.
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Big bang nucleosynthesi@BBN) represents one of the In BBN calculations, the weak interaction rates are scaled by
key successes of modern cosmolddy?]. In recent years, the inverse of the neutron lifetime,. When these rates are
the BBN production of deuterium has emerged as the modaster than the expansion rate, the neutron to proton ratio
useful constraint on the baryon density in the Universe, bott{n/p) tracks its equilibrium value. As the Universe expands
because of observations of deuteriunipresumably unproc- and cools, the expansion rate comes to dominate rdpd
essed high-redshift quasistellar object absorption line sys-essentially freezes out. Nearly all the neutrons that survive
tems (see Ref[3] and references therginand because the this freeze-out are bound inttHe when deuterium becomes
predicted BBN yields of deuterium are highly sensitive to thestable against photodisintegration. Following the initial cal-
baryon density. These arguments give a baryon density paulations of Wagoner, Fowler, and Hoyl&], numerous

rameterﬂbh2 of [3] groups examined higher-order corrections to thie produc-
tion. The first such systematic attempt was undertaken by
Q,h?=0.0194-0.0234, (1)  Dicuset al.[8], who examined the effects of Coulomb and

radiative corrections to the weak rates, finite-temperature
which is in excellent agreement with the baryon density deQED effects, and incomplete neutrino coupling. Later inves-
rived by the Wilkinson Microwave Anisotropy Probe team tigations included more detailed examination of Coulomb
from recent cosmic microwave background observatjdiis and radiative corrections to the weak raf€s-17], finite-

temperature QED effec{sl 3], and incomplete neutrino de-

Q,h?=0.022-0.024. (2 coupling[14], as well as an examination of the effects of

finite nuclear masgl5]. These effects were systematized by
Given these limits on the baryon density, BBN predicts thel opez and Turnef16] (see also Refl17]), who argued that
primordial abundances ofHe and “Li. Because the*He  all theoretical corrections larger than the effect of the uncer-
abundance is particularly sensitive to new physics beyonghinty in the neutron lifetime had been accounted for, yield-
the standard model, a comparison between the predicted angy a total theoretical uncertaintyY»<0.0002. Assuming
observed abundances 6He can be used to constrain, for an uncertainty of-2 sec in the neutron lifetime, the corre-
example, neutrino degeneracy or extra relativistic degrees &ponding experimental uncertainty inYp is AYp
freedom(see, e.g., Refd5,6]). =+0.0004. Similar results were obtained in Rf7].

For this reason, it is useful to obtain the most accurate Two relevant changes have occurred since the publication
possible theoretical predictions for the primordféde mass  of Refs.[16,17. First, the estimated uncertainty in the neu-
fractionYp . The primordial production ofHe is controlled  tron lifetime has decreased, with the current value belrdy
by the competition between the rates for the processes that
govern the interconversion of neutrons and protons, 7,=885.7-0.8 sec. (5)

n+ve—pte, . . .
Second, the estimated uncertainty in the valueGgf has

N — increased The value currently recommended by CODATA
n+te —p+ve, (the Committee on Data for Science and Technojagy19]

nepte +ve, (3) Gy=6.673£0.010<10 & cmPgm lsec2  (6)

and the expansion rate of the Universe, given by This represents a factor of 12 increase over the previous

. o recommended uncertainf20] and is primarily due to an
B: §7TG (4) anomalously high value foG determined by Michaelis,
R |37ONP] Haars, and Augustif21]. (See Table ).
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TABLE |. Recent experimental values of Newton’s constant. Digits in parentheses are- tinecgrtain-

ties in the last digits of the given value.

10°Gy (cmPg tsec?)

Reference

6.6740722)
6.6755927)
6.67421592)
6.66997)
6.67427)
6.687394)
6.674914)
6.673529)
6.67310)
6.6725985)

Schlammingeet al. (2002 [29]
Quinnet al. (2009 [30]
Gundlach and Merkowitz2000 [31]
Luo et al. (1999 [32]
Fitzgerald and Armstron¢1999 [33]
Schwarzet al. (1999 [34]
Nolting et al. (1999 [35]
Kleinevosset al. (1999 [36]
CODATA (1998 [19]
CODATA (1986 [20]

It is easy to calculate the effect of both of these uncertainealculations ofY is the uncertainty in the nuclear reaction
ties on the primordialfHe abundance. For the range of val- rates. A recent exhaustive study of this effect has been un-

ues ofQ,h? given in Egs.(1) and(2), we find, numerically,
(7

8

The coefficient in Eq(8) is twice that in Eq(7). This factor
of 2 comes from the fact that the expansion rgke. (4)]
scales a& %2, while the weak interaction rates scalers ,

AYPZOO88AGN/GN)1

AYp=0.18A7,/7,).

dertaken by Cyburf22], who concluded that the effect on
Yp of the uncertainties in the nuclear reaction rates is cur-
rently subdominant(See also earlier work in Refg23,24].)

The uncertainty inGy has consequences in other astro-
physical settings. Lopes and S[IR5] investigated the effect
on the sound speed in the sun. They argued that helioseis-
mology (in combination with improved solar neutrino mea-
surements might eventually provide an independent con-
straint on Gy, although this claim has been disputed by

and the abundance dfHe is essentially unchanged if the Ricci and Villante[26].
ratio of the weak interaction rates to the expansion rate is In principle, the uncertainty irGy also affects cosmic

held constant.
Then the current uncertainties @y and r,, given in Egs.
(5) and (6) yield, for the 1o uncertainties inyp,

AYp=*1.6x10"* 9)
from the uncertainty inr,, and
AYp=+1.3x10"4 (10

from the uncertainty iIrGy .

These two uncertainties are roughly comparable. This i

significant because the uncertainty7pnis often taken to be
the dominant uncertainty in calculations ¥f. Of course,

both of these effects are exceedingly small, and well belo

the dispersion in the estimates of the primordiede abun-
dance from observations of low-metallicity systel@§ (The

effect of the uncertainty iy is comparable to the correc-
tions toYp due to QED plasma effects and residual neutrino

microwave backgroundCMB) measurements. The change
in the observed CMB fluctuation spectrum due to a fixed
change inGy was investigated by Zahn and Zaldarridga].
Even under the most optimistic conditions for future obser-
vations, the smallest change @y which is, in principle,
detectable in CMB measurementsA§, /Gy~ 0.006, well
above the current CODATA uncertainty.
It is likely, of course, that current and future measure-

ments will lead to a reduction in the uncertaintyGy, . A set
of the most recent measurements3yf is displayed in Table

. (For a survey of measurements @f; over a longer time-
Ine, see Ref[28].) The three most recent measurements all
yield a value ofGy within a very narrow range. Reduction in
he uncertainty inGy by, for example, a factor of 1(e.g.,
ack to the 1986 CODATA level of uncertaintyould es-
sentially eliminate any significant effect on BBN calcula-
tions.

| thank M. Kaplinghat and G. Greene for helpful discus-

heating[16].) A further source of uncertainty in theoretical sions.
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