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0hjective — Probing the spin dependence of
the three-nucleon force [3NF)

> PINTEX resulits from pd elastic scattering

1The PINTEX dp breakup experiment
> Experimental set-up
>Analysis tools - The sampling method
> Recent results and present status

0utlook
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3NF-Whatisit? @----@

O IUCF Workshopn Sep 1998 - Working Session Il

> Question: What do we mean by SNE and where is
the best place to look for experimental
evidence?

3 H. Witala (working session notes):
> "In a pragmatic view, with nucleon DOF only
H=T+2W;+ V5
where the second term is all pairwise i.a. summed over the 3N. The
restis 3NF and takes into account any distorsion of NN potential
energy caused by the presence of the third Illlcl&l." _}"
Size of the 3NF interaction: .
N—

AV =< V:/Mc? = 0.5 -1 MeV S
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Three-Nucleon Interactions

| . .
A T N*

T ®
2 t-Xchange force incl. short range 1.a.
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S. Coon and W. Glockle,

JTucson —Melhourne (TM] | prc 23, 1790 (19s1)
> 27 exchange process, full off-shell =N
scattering amplitude
O TM modified (TM) g;,::;g;;;;;}-;g ‘;;Z;Ol)
> Drop one term and modify another to
comply with chiral synmetry

J. Carlson et al., Nucl. j

dUrbana IX force Phys. A401, 59 (1983)

> FM approach + phenomenological spin
and isospin independent short-range part |
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Binding
Energy
of 3He
and H

...S0 all is

Pia Thorngren

NN- BE [MeV]
potential |*H(NN)| "H(+TM)
AV 18 -7.62 -8.48 -6.92 -7.76
Nijm I -7.74 -8.39 -7.08 -7.72
Nijm II -7.66 -8.39 -7.01 -7.72
CD Bonn -8.01 -8.48 -7.27 -7.72
Nature -8.48 -8.48 -7.72 -7.72
0
o | AVIS Niym [ NymIl  CD Bonn  Nature
>
o -4 -
s
m -6
= &— o< .
L S — S——
-10
—o—3H (NN) —&—3H (NN+TM)
3He (NN) 3He (NN+TM)
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b 69
cl 139 MeV
d) 190 MeV

NN forces
v NN+TM3NF
v AV18+UIX

R CDBonn+TM’

do/dQ
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Differential cross section

p+d elastic
scattering

at 139 Mel

o K. Ermisch et al.,
arXiv:nucl-ex/0308012,
PhD thesis, KVI
Groningen, ISBN:90-
9016528-2

 PINTEX-IUCF present
data (normalized to
Ermisch et al.)

* K. Sekiguchi et al., Phys.
Rev. C65 (2002) 034003

— CD Bonn, R. Machleidt, S R
PRC63, 024001 (2001) 90 180

-
()

do/dC2 [mb/sr]
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snin ohservahles for * This experiment

°~ Previous meas.

135 MeV ----AW8 NN, Wiringa et
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n t an 135 MeV relative to CDBonn
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B.v. Przewoski et al., accepted for publication Phys. Rev. C
systematics of different 3NFs
Each pixel corresponds to one of the 868 data points
A pixel is colored blue if 3NF improves the agreement
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Analyzing Powers & Spin Gorrelation
In pd elastic at 139 and 200 MeV

A All analyzing powers, and 10 of 12 possible spin
corrrelation coefficients in p+d elastic scattering were
measured at 139 and 200 MeV heam energy. A discrepancy
was resolved hetween two recent measurements of the
differential cross section

The Faddeev predictions hased on modern NN potentials
agree ‘fairly’ well with the data, the largest disagreements
at backward angles

O Input of 3NF into the calculations did not improve the
agreement with the data in any consistent way.
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1The PINTEX dp breakup experiment
> Motivation
> Experimental set-up
>Analysis tools - The grid method

> Recent results and present status
QAxial ohservables
QTensor analyzing powers
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Axial ohservahles in dp breakup

1 Axial ohservables are required to he zero for coplanar
events due to parity conservation. BUT - This is not
the case in a breakup reaction.

L1 Axial ohservables: Azp, Gy X-Gx.y, Gzz,2, Azd, Cxz.X-CyzY)

] There are operators that are unique to axial
observabies that would vanish if there were no 3NFs.
Itis suggested that the axial operators might
enhance the Axial observables.

O (21— 3N) = (0,'x)(05'Y)~(0,'y)(03°X)
=(0,X 03) - (X X y)

L.D. Knutson PRL 73 (1994) 3062




Indiana University

Cyclotron Facility

Polarized deuteron PINTEX

heam - 270MeV

The Cooler Ring

U009 U099

deuterons
atd MeV

CIPIOS
extraction at
25kev
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Polarized deuteron beam

Beam |Sextu |MFT |Sextu |WFT |SFT |Hyper |~Q; |~Q;¢
state | pole 1 pole 2 fine s.

1 1,23 |3—=4 |1,2 2—6 | 1,6 +0.8 |+0.7
2 1,23 (124 |2,3 2—4 3,4 —0.6 |+0.7
3 1,23 (124 |23 2—6 |3.,6 +0.8
4 1,23 |14 |23 355 |25 —1.6

One beam state was unpolarized

Pia Thorngren
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Target storage
cell

1 Frontview

293 cmlong, 812 mm
0.025 mm aluminum
Teflon coated

Target thickness
~1013 atoms/cm?

Polarization ~0.6
X, +V, =z directions
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Target storage cell - side view
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Detector stack for dp hreakun/%

The four momenta of the two outgoing N\
protons are measured » N >

" ez
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NIM A 439 (2000) 117-133
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Coordinate System
Madison convention ¥

The scattering frame
X,Y,Z. used to describe a
2-body final state

The fixed frame Xy .z is
used for the hreakup
configuration

L\
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Gomparison of theory and
o experiment for 3N final states

Q1 Problem: How do we
compare data to theory in
g a consistent way?

> True experimental
acceptance/efficieny?

Jacobi momenta > Which is the most

p =" (P —p,) interesting observable and
which independent

q=—-(p;+P) variahle to plot against,
which to integrate over?

P2

Ap=0¢ (p)-¢(q)
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The Sampling Method

J.Kuros-Zolnierczuk, P.Thorngren, H.O. Meyer et al., FBS 34, 259 (2004)

1 For any 3h final state known with complete

Kinematics - 'sample’ the theoretical value for
each event in y= (detected) region of phase

o

S (%) 8(x) O, (x) d 2. NGy Oy

X
Op(v)= =
th
JGO(-"’) £(x) di 2. NCx;)

X
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The Sampling Methml Ilsmg a Gml

Few Body Syst. 34, 259 (2004)

Requirement:

> Galculate a theoretical
value for each event

Drawback: X time
consuming
1 Solution:

> Gonstruct a grid
covering phase space

> Use multidimensional
interpolation

th th bi
<A >I<A > e

—_

oume o
-
o
— o
-
—--
o

Np9

Cre eoneae e@me - &

=
@

200k 400k 600k
no of grid points

800k

Four-dimensional
24=16 corners / grid cell

Five-dimensional:

2°=32 corners / grid cell
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Few Body Syst. 34, 259 (2004)

1 Test: Gonstruct a 'fake’ ohservable with similar

10000 - m

[ FWHM 0.003

7500

2500

IIIIIIII|IIII IIIIIIIIII|I
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04

0.2

-0.2

-04

-0.6

» Test calculated obs

= Test interpolated obs .
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The Sampling Method Using a Grid

Few Body Syst. 34, 259 (2004)

1 Test of accuracy:

> GCompare single-shot exact
calculation and
interpolation

3 Gonclusion

> The sampling method
eliminates the necessity of
monte carlo simulations
and reflects the true
detector acceptance and
efficiency. Using a
theoretical grid and
interpolation reduces the
computing time.

Pia Thorngren
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H.O. Meyer et al., accepted for publication PRL,

T.J. Whitaker PhD thesis, IUCF

A VS Ad

Data using all five

beam states and ,.,
+ z target

solid line: CD-Bonn
dashed: AVI18
dotted: CD-Bonn+TM’
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H.O. Meyer et al., accepted for publication PRL,
T.J. Whitaker PhD thesis, IUCF

solid line: CD-Bonn
dashed: AVI1g
dotted: CD-Bonn+TM’

C,,-C,, and C,, as a function of A¢
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Tensor analyzing powers

] Using the tensor polarized beam states and summing over all
target polarization: G (tensor) =

1 1
Gy | 1 —;QQ cos(2 () (Am—Ayy)—;QQAzz

0.05<p<145,5°< GPS 90°, 100° < GqS 180°
0.1 | I I | I | I I I | I
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N\
< _ i
N 0= _
<
\V; i i
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i 7 At ]
N T Ny
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’

2 d+p breakup at T,=210MeV

1 Measured in this experiment:

(deuteron spin alignment +y)

> Analyzing powers: A,», A,», A,9, A, , (Axx— Ayy)
>\lector-vector correlation coefficients:

(Cxx— Cyy) (Cxxt Cyy) Gz (Cyx- Cyy)
>Tensor-vector correlation coefficients

(Cxxy~ Cyyy) Cxyx Cxyz Crzy Cuzy
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summary and outlook

3 Anew method has heen developed for the analysis of dp
breakup reactions. it allows for quick searches for places
in phase space that are sensitive for 3NF

d A, (Cyx- Cyy), C,r,, measured for the first time - they
tlo not show enhanced sensitivity to TM 3NF

Analysis of other ohservahles is in progress, 3NF effects
are predicted to be large in tensor analyzing powers

 The breakup data will together with the 19 measured spin
observabies in p+d elastic scattering, constrain any
future 3NF model

> Gompare with predictions for 3N from chiral effective
field theory

The tools are in place!
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(1The PINTEX collaboration:

H.0. Meyer, J. Kuros-Zoinierscuk,
B.v.Przewoski, P.Thorngren Enghlom,T.l.
Whitaker, J.1.Balewski, J.Doskow,
W.W.Daehnick, W.Haeherli, R.Ihald,
B.Lorentz, P.Pancelia, F. Rathmann, Swapan
K. Saha, A.Wellinghausen
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Gross section for spin1on spin1/2

1 The most general case:

3 3 1 1 2
G =0 [1 + pyv Ayp + pz Azp + quAyd+ E qz Azd + g(qxx —qgvy) (Axx—Ayy) + quzAzz + gqszxz
3 3 3
+ ;(qu+ gy py) (Cx_x+Cy y)+ ;(qxz:vc— gy py) (Cx x—Cy_y) +;(qypx— grpy) (Cy x—=Cx_y)
3 3 3 1 1 1

+£qxpox_z+qupsz_x+qupoz_z+g(qxx—qyy)py(Cxx_y—ny_y)+£qzzpozz_z+quzpysz_y

2 2 2 2 2
+ g gxy px Cxy x+ g gxzpy Cxz y+ g qvz px Cyz x+ g gxy pz Cxy z+ g qvzpz Cyz z

1
+ g(qxsz+ qvz py) (Cxz x+ Cyz_y)]
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