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The Origin of the proton mass

why the proton Is heavy
when Its Ingredients are essentially massless
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Welcome address

P. Kienle

Hochverehrte Frau Minister,
Sehr geehrte Frau Stadtkimmerin,

Sehr geehrter Herr Ministerialdirigent,
Dear colleagues,

It is a great honour and pleasure for me to welcome vou at the INPC'92 in
charming Wiesbaden. 1 am very pleased that we can host this most prestigeous
meeting of nuclear physicists a second time in Germany after the illustrious Mun-
ich Conference in 1973, with the noble state reception in the Antiquarium of the
Residence, and the less noble battle of our participants for a Kifer buffet in Schloss
Schleissheim. We cannot offer you anything like that, because this was the golden
era of our science and science in general. Since then the reputation of science has
declined in the hands of our opinion makers, but as science is made in laborato-
ries and not in newspapers, it has survived all this. On the contrary, it became
very virile in the public exile of the last decade.
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Nuclear aspects of chiral symmetry W. Weise



Chiral condenstate

decrease by
about 35% at po

Superconductor

W. Weise, NPA 553 (1993) 59
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W. Weise, NPA 553 (1993) 59
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High energy heavy ion collisions

CERES/NA45 Pb-Au 158 AGeV

O 95 data Orig/ o ~ 32 %

® J6data p, >200 MeV/c
D, > 35 mrad
2.1<n<2.65
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This talk

Status of experiments to look for

decrease by
bout 35% at po

Temperature
Density




VWhile my 1s an observable,
{(qq) is not.




Brown-Rho scaling

Brown and Rho, PRL 66 (1991) 2720
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Hatsuda-Lee

Hatsuda and Lee, PRC 46 (1992) R34
(QCD sum rules)

¢ meson

1—04£ ,

L0

0.18(£30%) for V = p, w,
0.15y for V = ¢

y; nucleon strangeness content




HE=21E

N-medium mass shift,
how to detect!




1. decay (minv)



do/dMese- < BR (mass dependent) X “SpeC’[raI function”

Im (current correlation)
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lowering & broadening at finite p

Vacuum
P=Pg

0.2 0.4 0.6 0.8
invariant mass o [GeV

Renk, Schneider, Weise, PRC 66 (2002) 014902
also see Muehlich et al., NPA 773 (2006) 156



KEK-PS E325

J-Lab CLAS (g7)
Me+e-

CBELSA /TAPS
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H. En’yo, YKIS2006



Mese-

KEK E325 p+A — V + X
J-LAB g7 Y+A = V + X
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BR(ete") CT

» small FSI p (770) 4.7x10° 1.3 fm

> rare decay ®(782) | 7.2x105 | 23 fm

> fast w, ¢ decay outside
0 (1020) | 3x10-4 44 fm




E325 ete-invariant mass spectra

Naruki et al., PRL 96 (2006) 092301

excess over the
known hadronic
sources

lowering of the
W mass?




Naruki et al., PRL 96 (2006) 092301

E325: fit with my,=mo(1-0.092p/po) wWorks

events[/10 MeV/c? events[/10 MeV/c?

with : with :
mass — fit result mass — fit result
- p—oe’e

modification modification

- p—oe’e’

0.7 0.8 0.9 0.6 0.7 0.8 0.9
invariant mass [GeV/c?] invariant mass [GeV/c?]




on the other hand



fit without mass shift

fit result

oo, Fe=Ti Target

0 — e+e-
p — e+e—
® — tle+e-

0.6 0.8

e+e- Invariant Mass (GeV)



tantalizing, but more work needed

p/po
02 04 06 08 1.0
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How to disentangle
- p/ ® /backeground?

o



J.G.Messchendorp et al., Eur. Phys. J. A 11 (2001) 95 CBELSA / TAPS

YA — w4+ X

> No p contribution
» BR(nt"y : 8.9%)
> ¥ FSI



CBELSA/ TAPS H, Nb comparison

YA — w4+ X

o

background subtraction —

Ip, 1< 0.5 GeV/e
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consistent withm,_ = m, (1 - 0.13 p/p,)

D. Trnka et al., PRL 94 (2005) 192203



Slower w, larger effect

CBELSA /TAPS
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OOKS convincing,
but what about FSI?



TAPS “o” mass shift

Metag, PPNP 55 (2005) 35

Bernard et al., PRL 59 (1987) 996.
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FSI can mimic mass shift

TAPS “6” mass shift FS| on Tt

Metag, PPNP 55 (2005) 35 Buss et al, EPJA 29 (2006) 189
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Proton induced

vy induced (Ey GeV)

Einc 12GeV 0.6-2.5 0.8-1.1 1.5-2.4 0.6-3.8
Exp KEK TAPS TAGX LEPS CLAS
A 12, 64 1, 93 2,3,12 7,12, 27,64 2,12,48,56,207.
0.2~0.07g/cm?2 0.37-0.85 5.4,8.2,6.5,2.6g/cm2 | 1g/cm?
g/cm?

e‘e”

Shift
3.4 £0.6%

e‘e”

Shift
9.2 +0.2%

Not very sensitive for o
mod.

Sl
13%

e‘e-

Originally by Metag, updated by En’yo at YKIS2006

seen
No report yet




2. production



Klein-Gordon Eq.

[V2 + w?® —mg — (w,7)]®(F) =0
self energy

N(w,r) = 2wU(w, T) potential

Am = meg — Mo ~ ReU?

mass “« attraction — bound state?



12C(v,p) o recoilless production

T. Nagahiro et al.

(8) V=(156.0+29.00)plpo [MeV] [’ NPA 761 (2005) 92 &
Vel ® e M. Kaskulov et al,
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d%s/dQdE [nb/MeV-st]

E. Marco and W. Weise,
100 PLB 502 (2001) 59

Eg,-mg + IBpl [MeV]



» Bound state:
= well-defined meson wavefunction
= well-defined nuclear density

> This possibility not fully exploited yet

some hint from CBELSA/TAPS?
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Pion mass is not expected to depend on p

Bernard et al., PRL 59 (1987) 996.

]

What do we measure, then?



Remember, e.g., Brown-Rho scaling

m> m," f*
P W T
~ ~ ~ ().8(p =
m, m., 1 (,0 /0())

N\
N\
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Goal: in-medium modification of fr
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Tool: pionic atom |s state



Pion In nuclel

Pionic Pb (J)

1s _
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“last orbit”

Binding
. . . Energy
Pionic Pb, 43d (‘last orbit’) ¥ - 0p,
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teedtnrsfromabove

why not from below?



H. Toki and T. Yamazaki, Phys. Lett. B213 (1988) 129.
H. Toki, S. Hirenzaki, T. Yamazaki and R.S. Hayano, Nucl. Phys. A501
(1989) 653.

p \
K
Excitation Energy (MeV) 208Pb(n,p) '_
400 r
300 | Just below the pion
A-hol . -
o production threshold K.
200 f n
100 ¢
N Gamow-Teller resonance
0 — I I ] I I I
0 10 20 30

do/dQ (mb/sr/MeV)



The reaction

recollless

500-600 MeV

3He Detect

substitutional reaction:
s-shell neutron hole pionin 1s



FRS @ GSI Q

1. / Central Focus
Drift Chambers

Time of Flight
(particle ID)

1.250 MeV/u deuteron on target
2. Measure SHe momenta at the central focal plane
3. ldentify 3He form time of flight in the 2nd half of FRS
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ionic '%3Sn

. . 119 resolution 400 keV FWHM

Pionic ''“Sn

absolute binding energy
uncertainty ~10 keV
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Pionic '°Sn

Suzuki et al,
PRL 92 (2004) 072302

SHe Kinetic Energy [MeV]
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pionic atom 1S energy B @e]i]{e]sp]o T dye] sl

m — nucl potential
bo (P + pp) + 01(pn — pp)

Isoscalar Isovector
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TW (Tomozawa-Weinberg)

bo(pr + pp) + b1(pn — pp)

isoscalar b() ~ 0

m pion mass
5 &
fw pion “decay constant”

isovector bl X




GOR (Gell-Mann - Oakes -
Renner)

] Jido et al.
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pionic atom 1S energy




By the way, we also need the
‘vacuum' D value



pionic hydrogen Xx-ray spectroscopy

l<qo>, 7!

«—“Vacuum”




Pionic Hydrogen

bo: isoscalar b1: isovector
scattering length scattering length
€ls X QOr—psx—p
x bo + by
2 X-ray emission
Fls X (aﬂ'_p—>ﬂ'0n)
o n H2p-1s 2.43 keV
x bj J 3p-1s 2.88 keV

4p-1s 3.04 keV
shift ~7 eV
width ~ 1 eV

hadronic shift
and broadening




PSI experiment R-98.01
Debrecen — loannina — FZ Julich — Paris — PSI — IMEP Vienna— ETH Zlrich

bent crystal spectrometer

CCD focal-plane detector




Width (eV)

1.0 —

0.8 —

wal

Schroder et al (2001)

PSI R-98.01
Preliminary)

7.0

7.1
Shift (eV) (attractive)

7.2



Improved width measurement

by PSI R98.01 (near final) D. Gotta, PPNP 52 (2004) 133,

L. Simons, EXAQ05 Vienna, 95

Chiral perturbation

Isoscalar

o
Tomozawa-Weinberg

o

o
a/mn1

LI l LI l LI l LI l LI l LI l LI l T 5.7 1

0.07 0.08 0.09 0.10 0.11
a/my~! Isovector (-b+)




IN-Medaium vacuum

! d

123,119,155, 28g; 20Ng 160  free value

| | | | | “

3.5 o difference
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-0.13 -0.12 -0.11 -0.10 -0.09
b1 [mg ]

Suzuki et al, PRL 92 (2004) 072302



e

b /by = 0.78 £0.05 at p ~ 0.6p;
l
<Q_Q>p0/<CYCI>() ~  0.67

guantitative demonstration of the
‘proton-mass” generation mechanism




b1 IS coupled to p(r)

b1(prn — Pp)

how well are pns known !



Uncertainty due to our insufficient knowledge of the
neutron radii of Sn nuclei

+0.04 fm

123,119,1158n, 288i,20Ne,160 free value

-0.13 -0.12 -0.11 -0.10
b1 [mg]
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p Systematic studies at RIKEN/BIgRIPS
) better energy resolution
) absolute beam energy measurement
p disentangle by vs neutron radii

K. Itahashi et al.
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Summary




> | 5 years since VWiesbaden

> experiments on mass, in modification

> mass shift : tantalizing results, but more work needed
> i : must understand “conventional” nuclear physics

> study of meson-nucleus bound states important





