
QED
 IS endangered
by the proton’s

charge rms radius
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QED
is NOT 

endangered
by the proton’s
running radii
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Not Quite Right

rms: root mean square

mr ≡
m! mp

m!+mp
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Defensible
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Not
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Not Quite
There
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Not
Defensible

Not Quite
There

Pretty amazing
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Ladies & Gentlemen
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The 
Third

Zemach
Moment

Ladies & Gentlemen
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Lth
[

〈r2
p
〉, 〈r3

p
〉(2)

]

=

209.9779(49) − 5.2262 〈r2
p
〉 + 0.00913 〈r3

p
〉(2)

(in meV, with r in fermi)

∆E3(n) =
α5

3 n3
m

4
r δl0 〈r

3
p〉(2)

Lth(rp) = 209.9779(49) − 5.22619 r
2
p

+ 0.0347 r
3
p

[

〈r3〉(2)
]2

= (3675/256)
[

〈r2〉
]3

For a dipole form factor

rp ≡
√

〈r2
p
〉

with

〈r3
p
〉(2) ≡

∫
d3r1d

3r2 ρ(r1)ρ(r2)|r1 − r2|
3
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GE(Q2) =
1

[

1 + |Q2|
0.71 GeV2

]2

It is intrepid to use a
model of the proton

... to challenge QED
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The 
running

rms p-radius
〈r2

p
〉
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2πα

3
〈r2

p
〉|Ψ2,0(0)|2

The slope of FF

at q
2

= 0

the F.T. of δ("r)∫
∞

0

ei!q!rd3q (all q)

〈r2
p
〉|(0,∞) #

〈r2
p
〉|(αmr,m)

1 − 4 α mr

√

〈r2
p
〉|(αmr,m)/6

Rephrase “atomic” result:

q = O(α mr) up to q ∼ m/4

Momentum range is which the 
proton is “probed” in the atom

Correction is
form-factor
dependent
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Extracting

from electron-
proton

scattering data

〈r2

p
〉
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5-parameter 
continued-fraction fit
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p(χ2, ndof) =

∫
∞

χ2

f(z, ndof) dz =

2−n/2
e
−z/2

z
n

2
−1

Γ
[

n
2

]f(z, n) =

Γ(ndof/2, χ2/2)

Γ(ndof/2)

1

H and the data do not agree
The data are tickled to agree with H

Saturday, 19 March, 2011



P(p)

p
0

H correct
Data good

p(χ2, ndof) =

∫
∞

χ2

f(z, ndof) dz =

2−n/2
e
−z/2

z
n

2
−1

Γ
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Γ(ndof/2, χ2/2)

Γ(ndof/2)

1

H and the data do not agree
The data are tickled to agree with H
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p(512, 310) ! 3.92 × 10−12
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what to say ??????
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what to say ??????
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Stephens, Atkins, and Kingston of Keele 
University, for confirming the widely held 
belief that swearing relieves pain.

Ig Nobel Peace Prize  2010

REFERENCE: "Swearing as a Response 
to Pain," Richard Stephens, John Atkins, 
and Andrew Kingston, Neuroreport, vol. 
20 , no. 12, 2009, pp. 1056-60.

      ¡¡¡  $ & # £ ∞ § ¶ !!!
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http://journals.lww.com/neuroreport/abstract/2009/08050/swearing_as_a_response_to_pain.4.aspx
http://journals.lww.com/neuroreport/abstract/2009/08050/swearing_as_a_response_to_pain.4.aspx
http://journals.lww.com/neuroreport/abstract/2009/08050/swearing_as_a_response_to_pain.4.aspx
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http://www.keele.ac.uk/research/lcs/membership/stephens.htm
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Q2 (GeV/c)2

q=1 f
−1

q=2 f
−1

↓ ↓

p(most flexible) = 1.9 × 10−4

Mainz
Exp.

Bernauer
et al.
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0.875(5)stat(4)syst(2)model fm

√

〈r2
p
〉(spline) =

√

〈r2
p
〉(polynom) =

0.883(5)stat(5)syst(3)model fm

THEOREM
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Parton-Distribution Functions
at low x

Proton form factors 
at low Q2

Study form-factor with the same
neural- network techniques 

only instances ??
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Extracting

from (the same) 
electron-proton
scattering data

〈r3
p
〉(2)
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Pluchino, Rapisarda, and Garofalo of the Univ. 
of Catania, for demonstrating mathematically 
that organizations would become more 
efficient if they promoted people at random.

Ig Nobel Management Prize 2010

REFERENCE: “The Peter Principle 
Revisited: A Computational Study,” 
Alessandro Pluchino, Andrea Rapisarda, 
and Cesare Garofalo, Physica A, vol. 389, 
no. 3, February 2010, pp. 467-72. 
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http://arxiv.org/abs/0907.0455
http://arxiv.org/abs/0907.0455
http://arxiv.org/abs/0907.0455
http://arxiv.org/abs/0907.0455
http://www.pluchino.it/
http://www.pluchino.it/
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http://oldweb.ct.infn.it/cactus/peter_principle_sup_material.html
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