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Abstract: <span>The theory of guantum electrodynamics is recognized for the most accurate predictions in physics confirmed by experiment. |
review the recent results on high precision tests of QED with an emphasize on the study of the positronium bound state.</span>
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® Fine structure constant
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HO\L' accurate 1s QED?
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® Fine structure constant
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# Most precise prediction/measurement

4)]

)
4]
L)
O

I

D
\n
O

Talal~s - -~
U A

W\
)

4 -~ P~

» Fine structu )
137.03599905(9)
R. Bouchendira, P Clade, S. Guellati-Khelifa, F. Nez, and F. Biraben (2011)
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# Most precise prediction/measurement
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How accurate is QED?

—

® Most precise prediction/measurement

» Fine structure confstant (hydrogen spectrum
a~l = 137.(}3-"3‘.&]9{]5(9)
R. Bouchendir® P Clade, S. Guellati-Khelifa, F Nez, and F Biraben (2011)

& Fine structure constant (Electron = 2 geonium spectrum)
a~! = 137.03599917(4)
T. Aoyama, M. Hayakawa, T. Kinoshita, M. Nio (2012)
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# Most precise prediction/measurement

® Fine structure constant (hydrogen spectrun ecol
a1 = 137.03599905(9)
R. Bouchendira, P Clade, S. Guellati-Khelifa, F. Nez, and F. Biraben (2011)
Fine structure constant (Electron g — 2, geonium spectrum

a1l =137.03599917(4)
T. Aoyama, M. Hayakawa, T. Kinoshita, M. Nio (2012)

# Biggest problem so far
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® Basic facts
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#® Basic facts
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ronium bound state

® Basic facts

» pure QED

=1
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® decays: p-Ps— 2n7, 0-Ps— (2n + 1)~
® best observables: width T,
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QED prediction: @(a” In(a ))
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® Basic facts
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# Large extra dimensions
S.Gninenko, N.Krasnikov, A. Rubbia (2003)

# modified gravitational potential V(r) = — TM}&-’- (1 + /—_:ITJ—)
1

el gy .= pap ‘ | m
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.

#» Mixing of “normal” photon with “dark”™ or “mirror” photon
Glashow (1986)
» kinetic mixing €FM F,

FS O0Av ~ eAv
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» "Puzzles"

» ~ bo mismatch of QED and experimenton T,

» ~ 2.50 mismatch of QED and experiment on Av
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FIG. 1. Time-tagged and gated slow positron beam used to
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» "Puzzles"
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Previous experimental O(c’nar’) QED

average

a

—
Old method
b G

This measurement

L S st T

. . e I L PP (R P
203.386 203.388 203.39 203.392 203.394 203.396

Aps (GH2)
Experiment
Av®*P = 203.3875(16) GHz A. P. Mills, Jr., etal. Phys. Rev. Lett. 34, 246 (1975)
Av®*P = 203.389 10(74) GHz M. W. Ritter, etal. Phys. Rev. A 30, 1331 (1984).
Av®*P = 203.394 2(16)stat. (13)syst. GHz A. Ishida, et al arXiv:1310.6923 [hep-ex].

Theory
Avth = 203.39169(41) GHz B. A. Kniehl and A. A. Penin, Phys. Rev. Lett. 85, 5094 (2000).
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Previous experimental O(c’nar) QED
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This measurement
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Ay (GH2)
Experiment
Av®*P = 203.3875(16) GHz A. P. Mills, Jr., etal. Phys. Rev. Lett. 34, 246 (1975)
AP = 203.389 10(74) GHz M. W. Ritter, etal. Phys. Rev. A 30, 1331 (1984).
Av®*P = 203.394 2(16)stat. (13)syst. GHz A. Ishida, et al arXiv:1310.6923 [hep-ex].

Theory
Avth = 203.39169(41) GHz B. A. Kniehl and A. A. Penin, Phys. Rev. Lett. 85, 5094 (2000).
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# Born/Breit spin-dependent interaction
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Previous experimental O(c’nar’) QED
average

a

——
Old method
b S

This measurement

—c

P

- . Ly I L T [ ] [
203.386 203.388 203.39 203.392 203.394 203.396

Bys (GHz)
Experiment
Av®*P = 203.3875(16) GHz A. P. Mills, Jr., etal. Phys. Rev. Lett. 34, 246 (1975)
AP = 203.389 10(74) GHz M. W. Ritter, etal. Phys. Rev. A 30, 1331 (1984).
Av®*P = 203.394 2(16)stat. (13)syst. GHz A. Ishida, et al arXiv:1310.6923 [hep-ex].

Theory
Apth = 203.39169(41) GHz B. A. Kniehl and A. A. Penin, Phys. Rev. Lett. 85, 5094 (2000).
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# Born/Breit spin-dependent interaction
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Basic theory
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» Born/Breit spin-dépendent interaction
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DED corrections
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pNRQED + Dim.Reg. = O(a’m, )|
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# Multiscale problem:

# Coulombic bound state
= Schrodinger equation

#» How to derive Schrédinger equation from QED?
< pNRQED
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(Caswell, Lepage; Pineda, Soto)
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#» How to separate the regions of virtual momenta?
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#» How to separate the regions of virtual momenta?

- Regions are separated in dimensional regularization! |

# Effective theory in dimensional regularization

(Pineda, Soto; Czarnecki, Melnikov, Yelkhovsky; Beneke, Signer, Smirnov; Kniehl,

Penin, Smirnov, Steinhauser)

Pirsa: 14080038 Page 36/44



#» How to separate the regions of virtual momenta?

- Regions are separated in dimensional regularization! |

# Effective theory in dimensional regularization

(Pineda, Soto; Czarnecki, Melnikov, Yelkhovsky; Beneke, Signer, Smirnov; Kniehl,

Penin, Smirnov, Steinhauser)

Pirsa: 14080038 Page 37/44



p— e

reducible reducible
®» Master formula
Ad—T,, atm, o
unn W | |+ I’.,

Pirsa: 14080038 Page 38/44



Pirsa: 14080038

# Vacuum polarization at the bound state pole
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#® Bottlenecks:

Y ~~r hars —~ e -~ -~ e s
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P. Marquard, J. Piclum, D. Seidel and M. Steinhauser, Phys. Rev. D 89, 034027 (2014)
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M. Beneke, Y. Kiyo and A. A. Penin, Phys. Lett. B 653, 53 (2007)
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» Bethe logarithm 63° gives Dann ~ 80

O
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G. Adkins, R. Fell; M. Eides, V. Shelyuto
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Previous experimental O(e’Ine’) QED
average

a
=

Old method

b T

This measurement
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» Hyperfine splitting in positronium to O(m.a")

Fr + r "1"’ -~ \'I‘w\w"'w,'” 1A ~\/ r’ 1"
» first result of “full complexity” iIs now available

» favors one the conflicting experiments
# QED is doing rather well so far

# Full ©(m.a") result and more accurate measurements
are crucial to give QED a hard time
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# Hyperfine splitting in positronium to @(m.a")
» first result of “full complexity” is now available
» favors one the conflicting experiments

# QED is doing rather well so far

# Full ©(m.a") result and more accurate measurements
are crucial to give QED a hard time

® Positronium could be an alternative gate to a BSM
physics in the era of the total SM success at the LHC
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