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» Few Nuc?gtn"lnteractlon models (2N and 3N)

~ ® Realistic potentlals + phenomenological 3NF models
® Chiral Perturbation Theory at NNLO

® Coupled-Channels formalism with explicit A

Coulomb interaction included !
A. Deltuva, Phys. Rev. C 80 064002, 2009

» Faddeev framework provides exact treatment
for the 3N system

» Different effects to be traced

® Coulomb force action
® Influences of 3NF
® Relativistic effects - NEW ACHIEVEMENT !
H. Witata, R. Skibifiski, Eur. Phys. J. A 30, 369 (2006)

® Mutual interplay of the effects
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Expenmental Tools: Three-Nucleon Scattering
@ Medium Energies

JdElastic: N+d - N+d Rich Phase-Space:
- a large amount

of kinematical
> Beams of p or d configurations

> Various observables - selectivity

JdBreakup: N+d - N+N+N

> Bea_ms of p or d Leading Channel
> VVarious observables @ Intermediate Energies
nd total cross section
Gbr > o-el

imgp  deuteron-nucleon breakup reaction
is best suited to study 3N system dynamics
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LS € perimental coverage of large phase space regions
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lergy-momentum conservation
-4 equations

‘ive independent kinematical
ariables:
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BINA

40 AE-E telescopes > Wall - very similar to SALAD
3 plane MWPC > Ball - system of 149

" angular acceptance: phoswitch detectors
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.(d,pp)n Breakup @ 130MeV

v 1800 cross section data points
0;, 0, =15"-30" grid5”; AB = +1°
an additional set for 6,, 8, = 13°

* 0= 40° — 180% grid 10° — 20°; A@ = +5°
S [MeV] =40 — 160; grid 4; AS = +2
Statistical accuracy 1% — 4%

* Data very clean — accidentals below 2%
Systematic errors of 3% — 5%

bal comparisons with theory (x* for all points,

“ '-_((plz)’ x> = f(E,), tests of normalization)



ss Sections @ 130 MeV

Faddeev calculations

E== 2N
B 2N + TM99

I8 91=2:5°i1° S EPBGA Realistic NN pOtentialS:

CD Bonn, NijmlI, NijymlI,
Av18

3NF model: TM99, UIX

Coupled channels:
CD Bonn (modif.) + A
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nclusions
3NF influence

Juding 3NF
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oss Sections @ 130 MeV

ncies:

0,,8,=15°15°
ON

= 2N + TM99
—— CDB +A
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lreakup Cross Sections @ 130 MeV

DlscrepanC|es removed by including Coulomb force !
A. Deltuva et al., Phys. Rev. C 73 057001, 2006
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ons: Coulomb Force

with respect to the

ulated effect :
experimental data
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Clear signature of Coulomb effects13
at small relative energy values !

[Phys. Lett. B 641 (2006) 23]



<
o

0.1

o) ial

xp

(o
o

‘Conclusions

Coulomb Force & 3NF
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Coulomb force + 3NF gives much

better agreement with the data !
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omb Force Effects 4
; <) JULICH
xperiment @ 130 MeV

. Germanium Wall @ FZ-Juelich
L

QUIRL — AE detector
with 2x200 spirals
PIZ7ZAS — E detectors

gular acceptance:

0°- 360°

|2
A
l
A
=
3
[ %




) cross section data points: -

0,=0,=13°+1°

5°—14°; grid 2°; AQ = £1° ,=20°45°
0, = 20°-180°; grid 20°; Ap = +5°

S [MeV] =40-180; grid 4; AS = +2
tatistical accuracy 2%—-5%
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A

of 'H(d,pp)n Breakup

- FZ-Juelich Experiment
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calculated for
iven configuration
with respect to
specific theory
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2N+TM99 N2LO N3LO
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Dependencies:

20f- ® 2N
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s of iT,, are very small and agree
quite well with theoretical predictions

L1 ChPT NNLO
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A ‘and A, are very small and they are not
sensitive to any dynamical effects
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C 85 (2012) 017001

S[MeV ]

2N

2N+TM99
N2LO
N3LO
CDB + A

CDB+A+C
AV18+UIX
AV 18+UIX+C

23



D ¥y,
= 4
L]
L1
o = . 3.2
:c*a‘;"'";“} ol i
E«« =
. N2Lo
T
L 2% '-.\,:' J
gt ] - . 2.4
pc: —_—
==
58
- —11.6
=
v
- 0.8
—:
.




o 2N
e 2N + TM99

v ChPT N2LO

A ChPT N3LO
OCDB + A

® ChPT+ A + Coul

A L=
.8 ________ % _____________________
L] |
1 | ‘ 1
20 25 30
E.o [IMeV]

2N

2N + TM99

&---- CDB +A
CDB+A+C

E0,—25,20°
0
- 0,,=100

120

120
S (MeV)

40 80

g prQb y
o ‘em
5 | @ /o
N\ g '/I/ E
~ A "'e
DR s 4 ‘
B2 ¢
5 L . ® - 8
E i G o * »
1 f—rmemememm B s e Sttt !._._._._;_H. ______________________________ =
et
O Pt 1 l . 1 L 1 I 1 J 1 J 1
0 5 10 15 20 25 30
E.. [MeV]
w— 3 c 2N
B ® 2N + TM99
= i ° ¥ ChPT N2LO
oy & ChPT N3LO
o - C CDE + A
Hz_% A . = ChPT+ A + Coul
L i ¥
| | v L
B u ‘ﬁ . C’: o\‘“
| s mmans _%_._._._ eIt - MR _._._._,_.$ ..... -
¥ Py
\
R . \& qg’
Xy ov ‘“
0 | | | ?( | « | | 25
0 5 10 15 20 25 30
E.. [MeV]



B15:s Ay 0, = 25°
g 8, = 15°
01 (p|2= 401}
0.05 |
0F /
0, =25° -0.05 :
BE=ilss i
P,= 80° e &
_.I...I...I...I.-- '0.15_--I---I...I...I...
60 80 100 120 SR A0 RRE 100120
S [MeV] S [MeV]
0.25F CD Bonn
0.2F CD Bonn+TM99 y
e« + ¢+« CD Bonn+A+C
0.15F
=== CD Bonn oh:
0.05|
CD Bonn+TM99 0B,

===+ CD Bonn+A+C -0.05

0.1F 9, =20°
-0.15| 6,=15"

-0.2 — (P12=1000
-0.25L

60 80 100 120
S [MeV]

ur. Phys. J. A 49: 36, 2013

yzing Powers @ 100 MeV

v Very small 3NF effects
v Coulomb force effects
seizable
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oss Sections of 'H(d,pp)n Breakup,>’
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: ON CENTER BERONOWICE

T
ton beam energy: 70 - 230 MeV, -
ergy resolution: AE/E < 0.7% l '
tensity: 500 - 0.1 nA

.3 x 1012 - 6.6 x 108 p/s) -' ' ..d =|
i ‘. ] iliuu &mﬂ-
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| kup reactions — systematic
d consistent data base for 1nvest1gat1ng
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Summary
~ 'H(d, pp)n Breakup Studies

* Systematic,.t'[';recise sets of cross sections at 130 MeV (at 100, 160 MeV
under analysis) and analyzing powers at 130 and 100 MeV

= solid basis for comparing different approaches which predict
the 3N system observables
9 In the sector of cross sections the data reveal:
2 significant 3NF effect
2 large Coulomb force influence
@ In the sector of analyzing powers:
2 vector analyzing powers: very low sensitivity
to 3NF and Coulomb
2 tensor analyzing powers:
Coulomb effects visible only at 100 MeV, local problems with
theoretical description

30
Systematic studies at various beam energies important !
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owers for breakup reaction
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