When Three's a Crowd

Konrad Aniol

Who? Sophia Igbal's thesis

What? Structure of *“He nucleus

Where? Thomas Jefferson National Accelerator
Facility

Why? Creation of the chemical elements

Cast of characters 1n this story?

Fermions

Bosons



Problng for hlgh momentum protons in “He via the

- *He(e,ep)’H reaction
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How tb‘ Build a Community"" _
There must be at least a two body :
1nteract10n | |
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SometimesThree's a Crowd!
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~ Sometimes 3 makes a stronger community
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L Hand Shaking helps build a community
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In Sophia's experiment a high energy
electron knocks out a proton

Pt 3H ? '

virtual photon

Pp

e vertex



In Sophia's experiment a high energy
electron knocks out a proton

‘H+n ? Pn

virtual photon

Pp

e vertex



In Sophia's experiment a high energy
electron knocks out a proton

p+n+n + X 7
P4 P2

P3 <
virtual photon

Pp

e vertex



In Sophia's experiment a high enérgy
electron knocks out a proton

p+n+n + X ?
P4 P2

- The virtual photon is more like a cruise missal for the “He target



f: How to study automobile structure

and debris X

o
L~ How much identifiable structure would you expect to find in the debris?
_.L'F '



2 Physics 101

¥ Searching for structure in ‘He
IJUse conservation of energy and momentum.

-

| Ei=mass of *He + energy of electron
—‘—_.j

|~ Pi = momentum of incoming electron

—"—nj

£ Measure momentum of scattered electron, Pe'

=

—— Measure momentum of knocked out proton, Pp

e ——

——IMeasured final state energies E. + E

fp

|
Pt = Pe' + Pp + Px, Px is the missing momentum of the debris

—
L Emiss=Ei—(E_+ E )

=

= ' Plot missing energy, Emiss

I*'Ff_om the Shape of Emiss plot we can identify certain final states

———— | .
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Calculated*He SRC target properties in electron beam

5 78a+01 beam raster 3x3 mm"2

542¢+01 peam current 95 uA, power 127.5 W in 4He, 12.9 W in Al
5 08a+01

4.60e+01 average density drop 26.3% in beam volume

4 330+01 mass flow 50 g/s, pump head 0.59 psid

3. 97e+01
3 61e+01
2.89a+01
2.53e+01
2. 17e+01
1.81e+01
1.448+01
1.08e+01
7.22e+00
3 61le+00
-4 35e-05

Contours of drho
ANSYS Fluent 14.5 (

Figure 2: Example of a CFD calculation for the SRC target geometry. The
beam enters from the left and the cryofluid enters and exits at the flanges at
the left. There is no exit for the cryofluid at the right end of the aluminum can.
Calculation and image provided by Silvin Covrig [1].

202 psia, 20 K inlet

Computational Fluid Dynamics Calculation




I
I Count rate along the 20cm long SRC target for 3 beam currents
—
—

Black curve = 4 uA

_l___| Blue curve = 47 uA
_j: - Red curve = 60 UA
e}

N 20K cryogenic

mr— Cooling only at
_]__] beam entrance
B The count along the

position in the target is
affected by the local
density and by the cross
section which is strongly

= 02-015-0.1-005 0 005 01 0.15 0.2 forward peaked. We
~-_ -L.tr.tg_y/sin(20.3/57.295 + L.gold.ph) need to isolate the cross

&= section effects from the
z | Figure 3: Mormalized commits per Coulomb| ical axiz] along the be . path .
—_ t TL I].||-I I.:T Il | i|”“-|t: 1 .L--I!.:|u|‘|l|| :. .--|+-I]l.--I! F|1l:: -.,:I =1]. IT: : |‘I.I |Ocal denS|ty effeCt
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Figure 4: Hatio of normalized counts per Coulombi{vertical axis) along the
beamn's path for 2 different beam currents, versus z position using equation 2.
The bhoe SUARSS Are for the ratio of -1?}!;1 rate l'l.lﬂ::ll:lll'l‘il. (W] -1}!;1. The red
SANCS are for the ratio of lf:il]j.l;l it l'l.l-“:]l:ll:!'l‘il. to -1”_»1.

The ratio of
cnts(l)/cnts(4uA)
should remove much
of the cross section
angular dependence.

There may still be
local density effects
because the
hydrodynamics of the
fluid'may not scale
linearly with beam
current. .




= | Beam current calculated fluid dynamic effects on gas density

CFD calculations

predict

5 20 g complicated

E ; : ; :

'_%. e MR dens|ty

$ 5 fluctuations for the
E‘ = SRC target.

0.15

Figure 6: Prediction [1] of the changing target density along the beam path for
B three beam currents, 4pA(blue), 4TpA(red), 60pA(green).

Predicted-de.n's_ity versus target location from Computational Fluid Dynamics
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Probability of ‘H+p final nuclear state

e08009 data vs Madrid full model

: : issing
maomentum disagreg with
theory by a factor of 10!
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Three body forces in nuclei provide more binding than two body forces alone

2body forces Model 3body forces based on pion exchange

WNDE, WIRINGA, AND |CARLSON PHYSICAL REVIEW C 64 014001

TABLE II. Exj

Carlo statistical err

| and GFMC energigs (in MeV) of particle-stable or narrow-width nuclear states and of neutron drops. Monte

\ last digits are sho®n in parentheses. The final column gives experimental widths ngkeV.

AVE IL5 I’

-0.87

-0.85
-4.23
-5.37

AVIE LUIX ILI IL2 IL3 IL4

BAGI1
1711

28 3312)
28.1(1)

BA3

1.68(1)
2R.3Ri2)
29401

BA3
16711

28 3713
204011

BAlT)
166(1)

28243
29312}

BA41)
169111

283512
293011

KAl
16601
28 2312)
29 501

16101
68711

240714
23901}

|”1 _| i I‘

I.“H ,j_ i I‘
‘Heidty
"HeiD ")

T02(1)

25. 1412
25.2006)

2830

2927

The need for 3body interactions in ground state and excited
nuclear states is well established. A wide range of models can fit
these binding energies. The Igbal experiment suggests another
experimental observable is available for 3NN interactions.

We propose that a serious investigation of the shape of the Emiss
spectrum in the 3 body region from proton knockout in “He may
constrain the range of possible 3NN interaction models.



FMEFER. PANDHARIFPANDE, WIRINGA . AND CARLS0ON PHYSICAL REVIEW C 64 014001

0

p——— 1t
SE 2H
-10

ok
|

a+2n = “He+2n- -
‘He -

6He

Energy (MeV)

'|+.I..I.I‘|||llll..|..|..|_.l_.l..l.|..|..|.L.l. |.I..I_.|..|_.I. LlI..ll.I_.L

r'lIr'l'll:r1I1TFIF1I1T[TI1I'|'TF[I'|1-

S —

Vig

|1|rr

TR PPTTT (R (R

8Be

iTlIIII

FIG. 1. (Color) Energies of ground or low-lying excited states of light nuclei computed with the AVIE and AVIE8/ULX interactions,
compared to experiment. The light shading shows the Monte Carlo statistical errors. The dashed lines indicate the thresholds against breakup
for each model or experiment.
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