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Background & motivation



The beginning of proton size puzzle
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PSI experiment operation principle:

1. Search for 25-2P level spacing by scanning laser wave length;

2. Coincidence with 2 keV x-ray(Ka) to identify resonance;
3. rg=0.84087(39)fm, 7-0 away from world data

R. Pohl et al., do0i:10.1038 / nature09250



Updated measurements @ PS|

2P fine structure
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Proton radius data summary

0920 T T T Y Y
0.900 |- 5
’ V-L»",:i o
0.880 I
p , e } v
E Ma : ALl MAMI
£ 08601 @ Orsi 1980 } ! 0 o ' e l
s 1962 | 1 ] ATA
2 ¢ °
e 0840 F 14 Dispersion - “ = -
g o 5% hydrogen
“ -
0820
3 @ Saskat ® Electron scatt '
S'.Al‘nf(.)('(’ 1974 © Liser SDScoscop ’
0800 1963 hydrogen and hydrogen QED tt
L B0 ) f el
o
0.780 -
A 1 ' L L A 1 A ' A A A ' A A
1962 1963 1974 1980 1994 1996 1997 1999 2000 2001 2003 2007 2008 2010 20N
Year
Antognini 2013 (u-p) e
Distler 2011(e-p) ~eo-
Volotka 2005(H) -
Friar 2004 (e-p) @
H °
" | Bh-alt W A R R RS Sy & Y el wy Ay CATICI RN e LYY e e Tl T 1 By 1
0.96 0.98 1 1.02 1.04 1.06 1.08 11 112 1.14

Proton Zemach radius (fm)

i

/ d*rrepp(r)

I 7-0 deviation, 6re/re ~ 0.046%

Precision is the key:

1. with 1% accuracy, rg will be “consistent”;
2. what about rz with better accuracy?

o /dBT/dBT/T/,OE(T)pM(T—T/)
compatible, 6rz/rz ~ 3.4%

R. Pohl et al., Ann. Rev. Nucl. Part. Sci. 63 (2013) 242001 6



Our proposed measurement
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A. Dupays et al., Phys. Rev. A 68 (2003) 052503



Our proposed measurement
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A. Dupays et al., Phys. Rev. A 68 (2003) 052503



Experimental setup:

how to measure AEyrs with 2ppm accuracy?



Measurement principle

ol /1. p captured by Hydrogen gas (RAL or J-PARC);
.
.l = 2. formation of 1S ground state;

; p' 3 ] 3. 1S(F=0)—1S(F=1) transition(M1) by laser;

3 ¥ o 4. measure decay asymmetry of polarised p-
51 / gt decay to identify resonance
2 C s
e up: 1S(F=1)

/

7 //// )
o / AEnrs(1S) ~ 0.183 eV (45 THz)
up: 15 \ = 6.8um (mid-infrared laser)

up: 1S(F=0)
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Measurement principle
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2. shed laser on muonic hydrogen & scanning

over laser wave length to search for
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Fxperiment concepl: target & counter
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Experiment concept: laser system

Ho:YAG master oscillator
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Expected results
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Yield estimation

Competition between laser induced transition
and collisional quench.

laser induced / collisional
M1 transition / /  quench

circularly polarised laser
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Yield estimation
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Beam time estimation
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RAL pulsed muon source:

+ intensity: 2.4x104 (50 Hz);
= momentum: 40 MeV /c (+4%);

1

Three scanning-stage approach:
+ 30 (wide range): 25 days;

+ 50 (interested region): 11 days;
Laser system: + 70 (precise): 8 days;

44 days beam time!
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Summary

+ New proposal for precision Zemach radius
measurement with laser spectroscopy

+ Detector & laser system R&D are ready

+ Beam time request has been proposed to RAL & J-
PARC facility
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