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| know that | am speaking for all of Matey's colleagues at CERN in saying that we will miss
him. Particle physics has lost not only an excellent physicist, but also a true gentleman. We
shall always remember Matey as a friendly and co-operative colleague with a warm
personality, whose loss is felt very deeply by the Bulgarian community and all colleagues at
CERN.

Mateev was a key figure in Bulgaria's scientific policy. He was named Minister of Education in
1991 and developed the <National Education Act >, adopted by the National Assembly that
very year. He championed the establishment of the National Foundation for Fundamental
Research and was elected to the Bulgarian Academy of Sciences in 2003. In 2009 he
received the <Cyril and Methodius> medal, a very high Bulgarian distinction. None of these
honours changed Mag's modest and friendly ways.

Matey was the key promoter of Bulgaria's membership of CERN, and his country's
representative to the CERN Council from 1999 to 2000. Bulgaria's active participation in
CERN was among MateevV's greatest services to science.

Matey was a long-standing and faithful friend of CERN. We shall deeply miss him.

Rolf Heuer
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The leading proton finite size contribution

Potential

(fm)
Maxwell equation: VE = 4mp
V={ ~Z2 (3-(%)?)  (r<rp)

_ (r > rp)

" My Ty

AV = {f' Z?L(_3 mg:{;)n’b

AEFS (U|AV D)
ETH

_iefyu

—ieF(q%)y"

= [ dr p(x)e~ia

AV (r) = V(r) — (

2m(Z
AV(q) = 4252 (1 - F(q) ~ 25570

AV (r) = 22D 2 5(r)

AEFS = 20Z2) 12 |, (0))2

A. Antognini, CERN  10.08.2010 — p.5
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The leading proton finite size contribution
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The leading proton finite size contribution
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Potential

The leading proton finite size contribution
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AEFS = 20Z2) 12 |, (0))2
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Contributions to the ;p Lamb shift

# | Contribution Value unc.

3 | Relativistic one loop VP 205.0282

4 | NR two-loop electron VP 1.5081

5 | Polarization insertion in two Coulomb lines 0.1509

6 | NR three-loop electron VP 0.00529

7 | Polarisation insertion in two and three Coulomb lines (corrected) 0.00223

8 | Three-loop VP (total, uncorrected)

9 | Wichmann-Kroll —0.00103
10 | Light by light electron loop ((Virtual Delbriick) 0.00135 0.00135
11 | Radiative photon and electron polarization in the Coulomb line a? (Z )4 —0.00500 0.0010
12 | Electron loop in the radiative photon of order a2 (Z a)* —0.00150
13 | Mixed electron and muon loops 0.00007
14 | Hadronic polarization o ( Za)4m,. 0.01077 0.00038
15 | Hadronic polarization a(Za)%m . 0.000047
16 | Hadronic polarization in the radiative photon a2 (Za)*m —0.000015
17 | Recoil contribution 0.05750
18 | Recoil finite size 0.01300 0.001
19 | Recoil correction to VP —0.00410
20 | Radiative corrections of order a™ (Za)*m - —0.66770
21 | Muon Lamb shift 4th order —0.00169
22 | Recoil corrections of order a(Za)® ¥ m,. —0.04497
23 | Recoil of order o 0.00030
24 | Ladiat i —0.00960
25 0.015 0.004
26 - a)m, 0.00019
27 | Radiative photon induced correction to nuclear polarizability c( Z a)®m —0.00001

Sum 206.0573 0.0045

.. ETH

A. Antognini, CERN

10.08.2010 — p.27

Wednesday, 13 April, 2011



Aim of the experiment

e Measure the 25 — 2P energy difference (Lamb shift) in up
AE(2S — 2P) = 209.978(5) — 5.226 7> + 0.03477;, meV
with 30 ppm precision.

e Extract r, with u,. ~ 10~ (rel. accuracy)

— bound-state QED test in hydrogen
to a level of u, ~ 3 x 10~7 (10x better)

— improve Rydberg constant (R, = mca?/2h)
to a level of u, ~ 1 x 10712 (6 better)

fin. size:
: , 38meV J -,
— benchmark for lattice QCD calculations ’g * .
: , miad V2F TR ==
— confront with electron scattering results 2;£leV

ETH A. Antognini, CERN  10.08.2010 — p.7
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Aim of the experiment

e Measure the 25 — 2P energy difference (Lamb shift) in up
AE(2S — 2P) = 209.978(5) — 5.226 7> + 0.03477;, meV

with 30 ppm precision.
PP P rms: root mean square ???

,r,p — \/<7,,22?> 6 um
e Extract r, with u,. ~ 10~ (rel. accuracy)

— bound-state QED test in hydrogen
to a level of u, ~ 3 x 10~7 (10x better)

— improve Rydberg constant (R, = mca?/2h)
to a level of u, ~ 1 x 10712 (6 better)

fin. size:
. _ 3.8meV J £,
— benchmark for lattice QCD calculations g _*_, -

: . 1/ 2= e o o f
— confront with electron scattering results 23 meV

F=0

A. Antognini, CERN  10.08.2010 — p.7
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Aim of the experiment

AE(2S — 2P) = 209.978(5) — 5.226 72 + 0.0347 1

—

. p
e Extract r, with u,. ~ 10~ (rel. accuracy)

— bound-state QED test in hydrogen
to a level of u, ~ 3 x 10~7 (10x better)

— improve Rydberg constant (R, = mca?/2h)
to a level of u, ~ 1 x 10712 (6 better)

— benchmark for lattice QCD calculations
— confront with electron scattering results

: 20?
rms: root mean square ¢! 50 THy

8.4 me¥_,)
2P, F=I
- F=0

206 meV

meV

7,,2> 6 um

fin. size:
J
3.8 meV E_1
25 _*_. .........
aid V22T T T EEeT T
h 23 meV

F=0

A. Antognini, CERN  10.08.2010 — p.7
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Lamb shift prediction

Contribution Value

Leading nuclear size contribution —5.19745 <712 > 44 2 771
Radiative corrections to nuclear finite size effect —0.0275 < 'rg > /rp

Nuclear size correction of order (Za)® < r3 > —0.001243 < 73 >

Total < r2 > contribution —5.22619 <13 >

Nuclear size correction of order (Za)? 0.0347 < rf; > % § _x_
Nuclear size correction of order (Za)® < 7’3 > —0.000043 < rf, >2

(§o 3
e A1 collaboration at MAMI, Mainz Tp
has started the reevaluation of the various proton moments:

< 73 >, Rzemach, <Tp > ...

New evaluations of structure leads to a shift < 107% of the measured discrepancy.

E(2S5' — 2P;;37) = 209.9779(49) — 5.2262 7 + meV (HFS+FS included)

ETH A. Antognini, CERN  10.08.2010 — p.31
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L™ [( > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r > + 0.00913 (r >(2)

&5

AEg (n) — mﬁ 510 <7“2>(2)

3ns




L™ [{ > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r > + 0.00913 (r >(2)

o’ 4 3 e 39

AEg(n) — 3 3 m,. 550 <7°p>(2) pﬁ _X-

(1) (2) = /d37“1d3"“2 p(r1)p(ra)|r1 — ra|”




L™ [( > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r2) + 0.00913 (r3) 5

a® A 3 e 39

AFEs3(n) = 25 010 (T5) (2) p.& _X.

(1) (2) = /dgﬁdgrz p(r1)p(ra)|r1 — ra|”

For a dipole form factor

(r¥) 2] = (3675/256) [(r?)]°




L™ [( > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r2) + 0.00913 (r3) 5

o’ 4 3 e 39

AEg(n) = 3 3 m,. 550 <7°p>(2) pﬁ _X-

(1) (2) = /d37“1d37°2 p(r1)p(ra)|r1 — ra|”

For a dipole form factor with

(%) 2] = (3675/256) [(P2)]" 1, = \/(r2)




L™ [< > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r > + 0.00913 (r >(2)

&5 4 3 Cé 377

AEg(n) — 3 3 m,. 510 <7°p>(2) pﬁ _X-

(1) (2) = /d37“1d3"“2 p(r1)p(ra)|r1 — ra|”

For a dipole form factor with

(%)) = (3675/256) [(13)]” 1, = \/(2)

L (rp) = 209.9779(49) — 5.22619 2 + 0.0347 7
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L™ [< > (7 >(2)} = (in meV, with r in fermi)

209.9779(49) — 5.2262 (r > + 0.00913 (r >(2)

&5 4 3 CC 377

AEg(n) — 23 m,. 510 <7"p>(2) p_& _X-
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The slope of FF
at q° = 0




2T O 5

the F.T. of (T)

The slope of FF .
/ e dPq (all q)
0

at q° = 0




The slope of FF
at q° = 0

\ the F.T. of (T)
/ e dPq (all q)
0

Rephrase “atomic™ result:

<T129> | (am,,m)
1 —4am, \/<T‘129>|(ammm)/6

q=0(am,)uptoq~m/4

<T129>‘(O,oo) —

Correction is
Momentum range is which the form-factor

proton is “probed” in the atom dependent
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2—n/2 —
o z2/2 &
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2—n/2 6—2/2 ~5 1

f(Z,TL) —

p(X27ndof) — / f(z,ngof) dz =
X2
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X2
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2—n/2 6_2/2 Z%_l
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Nk
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X
o I F(ndof/za X2/2)
5 H correct F(ndof / 2)

Data good

o 1P




2—n/2 6—2/2 ~5 1

flz,n) =

I35
0O
p(X27 ndof) - / f(Z, ndof) dz =
x 2
o I F(ndof/27 X2/2)
5 H correct F(ndof/ 2)
: Data good
N

\

The data are tickled to agree with H




2—n/2 —2/2 5 —1
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Nk
p(X27ndof> - /2 f(zvndof) dz =
X
o I F(ndof/za X2/2)
5 H correct F(ndof / 2)

Data good

\ The data are tickled to agree with H
H and the data do not agree
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lg Nobel Peace Prize 2010

Stephens, Atkins, and Kingston of Keele
University, for confirming the widely held
belief that swearing relieves pain.



http://www.keele.ac.uk/research/lcs/membership/stephens.htm
http://www.keele.ac.uk/research/lcs/membership/stephens.htm
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Stephens, Atkins, and Kingston of Keele
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lg Nobel Peace Prize 2010

Stephens, Atkins, and Kingston of Keele
University, for confirming the widely held
belief that swearing relieves pain.

i $&# L0 §q I

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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\/(r2) (polynom) =

0-883(5)Stat (5)Syst (S)model fm




\/ (r2) (polynom) =

0-883(5)Stat (5)Syst (g)model fm

\/ (r2) (spline) =

0.875 (5)Stat (4)Syst (2)m0d61 fm




\/(r2) (polynom) =
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0.875 (5)Stat (4)Syst (2)m0d61 fm
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lg Nobel Management Prize 2010




lg Nobel Management Prize 2010
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