Seeing Physics, Comparing Theory and Experiment:
Emergent Collectivity, Perspective/Correlations,
Precision data, Theoretical accuracy, Parameters

Comments from a PR C editor

Not much new but maybe useful....

R. F. Casten
Yale and MSU-FRIB

Workshop on Transitional Nuclei

Padova,
May 22-25, 2018



First: Physics is easy and fun!!

God-Grandaughter



The Evolution of Structure
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Think about this: Chaos to order, emergent collectivity
Challenge: how can these complex many-body systems
exhibit such regular patterns?
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Single particle and collective motion




Single particle and collective behavior —
common to many systems




Perspectives, correlations, and
“fake news” correlations



Structural evolution: Look at data from

different perspectives
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Another example of different perspectives
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Neutron capture MACS at 30 keV in the rare earth region

Looking at data from different perspectives
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Neutron capture MACS at 30 keV in the rare earth region
Looking at data from different perspectives
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Neutron capture MACS at 30 keV in the rare earth region
Looking at data from different perspectives
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B(E2) values and Q moments
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Different perspectives, one more example
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Time out — warning:
BEWARE:OF FALSE CORRELATIONS!




More false correlations

Worldwide non-commercial space launches

correlates with
Sociology doctorates awarded (US)

Correlation: 78.92% (r=0.78915)

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

60 Launches 700 Degrees awarded

650 Degrees awarded
50 Launches

600 Degrees awarded

40 Launches
550 Degrees awarded

(sn) papJeme sareloldop Aojo1dos

30 Launches 500 Degrees awarded
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Worldwide non-commercial space launches

-8 Sociology doctorates awarded (USy#- Worldwide non-commercial space launches
tylervigen.com

Data sol'rrect Eadaral Auistinn Adminictratinn and Matinnal Crianca Cnondatinn

US crude oil imports from Norway

correlates with
Drivers killed in collision with railway train

Correlation: 95.45% (r=0.954509)
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Data sources: Dept. of Energy and Centers for Disease Control & Prevention
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correlates with
Murders by steam, hot vapours and hot objects

Correlation: 87.01% (r=0.870127)
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Data sources: Wikipedia and Centers for Disease Control & Prevention

140 drownings
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100 drownings

Swimming pool drownings

80 drownings

Number of people who drowned by falling into a pool

1999

1999

correlates with

Films Nicolas Cage appeared in

Correlation: 66.6% (r=0.666004)
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Theoretical accuracy,
precise data, weighting data,
key observables, parameters



A very simple
first example:

Which theory is
better
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super-precise data can lead you astray




Problem is
not the
precision
data per se
but the lack
of a
perspective
with which
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to assess it.

How good
dowe
expect the

theories to
be?
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10 keV
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Observable-dependent uncertainties
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]2 me— Not all observables equally
important; many test same physics
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The more, the
worse it gets.

What are the key observables for testing collective models?



Parameters

Interpreting this level scheme with bandmixing
How many parameters?

0g
4+
—_—

,%+
I "_ﬁf
: ¥
4+
2_ —
0+ — |




Beware of parameters
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Summary

Look at data from different perspectives
Look at correlations of observables

Choose observables that select specific physics —
e. g., emergent collectivity

Beware of blind statistical optimizations

Always include estimates (quantitative or
qualitative) of theoretically expected reliability

Do not multi-fit the same physics

Be conscious of the number and nature of (often
hidden) parameters.



PR C, NNDC opportunity, and NUDAT capabilities

Advice to PR C authors from a PR C editor:

Suggest referees (5-7)

Name unwanted referees(no generic lists)

Asking for a second referee (the good and the risky)
NNDC vetting opportunity (new)

NUDAT — New features you might not be aware of



NNDC The format you may know--- UGH: WHY UGH?

(' Er)
Ejpvel E-TE L,.E Muit.! &t .} Comments
T9.E04 T9 R ] 100 EZ TE B{EZWWn =213 4
263 OEHER 1E4 2B5 1 100 EZ 0331 B{EZWWn =319 9
5487470 B4 6552 100 E2 0oEll BIEIWW n. =224 I8
B21.1685 557079 3 1748 EIE 1252 B{E2WW n =61 4
T41356 73 130 2 EZ+M1 w5k (LGS & BIMI W 1< 10
BIEZWW n =80
B21.164 5 Qihd EZ 00510 E B{EZNW n =268 It
BO5. 7947 74626 3 LS MI+E2 +142 45 B351% B{MIN W )=0.0018 +3-7;
B{EZNW 11.)=3.1x10"% +5-12
fiz sign from w0 (1996A151)
in £ decay; magnitude from
LVL3 im (o) E=fhwnmal
(19808c15).

631703 7 18.1 2 MI+E2 0D0RGS 74 B{MI W o =0000172 = J&51;
bt ifwsnw ande el govimercatpu AR S107RCHUEARITIEAITRFDOC TERE 1 T29E_1 teml T2
10N S s foom AR _S107SCBOGARITIEA STEFINNC TERET T29E ] =m

A ERD B{EZWW n_ }=2.6 +3-I4

B159904 1002 MI+E2 77223  CDOSIEE B yWa)=34x107 +9-13;

BIEZWWn)=T42 +5-21

Q28 3029 ITas4s53 100 EZ 0346 BIEZWW n. =354 I¥

0947474 (9ESH5) B{EZNW n.)=505 + 12240
B{E2H{W .n.): From messured
B{E?)} in Conlomb exciiaiion.
ET: from lewel encrey
difference. Exisience implied in
Coulomb excitation; possibly
obscored in (0¥} E=thermal by
95y from 1193 level.

173577 1 DEDS E? 0406 B{E2)W n_ =52 20

559495 4 111 [EZ] 111 P BEIWn.)=1.13 25

THIEHD 2 100 2 MI+E2 +13 +146-3 0662 FO m_l,,“w-'u_]:ﬁjm5 £ 56"



New format — YAAAY !!11]

Adopted Levels, Gammas (continued)

y('*Er)
Ei(level) J7 E,' L* Er Mult.” 8t a Comments
79.804 2+ 79.804 1 100 0.0 0+ E2 7.04 B(E2)(W.u.)=213 4
2640888 4+ 184.285 1 100 79.804 2+ E2 0.331 B(E2)(W.u.)=319 9
548.7470 6+ 284.655 2 100 264 0888 4+ E2 0.0811 B(E2)(W.a.)=424 18
#21.1685 2+ 557.079 3 1.74 8° 264 0888 44 E2f 0.01252 B(EZ)(W.u.)=0.61 4
741.356 3 100 2¢ 79.804 2+ E24M1® 2509 000639 9  B(E2)(W.u.)>80; BM1)(Wu.)<1.6x10 3
821.164 5 036 48 0.0 0+ E2 0.00510 8 B(E2)(W.u.)=4.68 16
#95.7947 3+ 74.626 3 004 1 821.1685 2+ MI+E2 +142 +4-5 8.35 13 B(E2)(W.u.)=3.1x10% +8-12; B(M1)(W.u.)=0.0018 +5-7
d: sign from yy(8) (1996A131) in e decay; magnitude
from L1/L3 in (n,y) E=thermal (19808c15).
631.703 3 18.1 2¢ 2640888 4+ MI+E2 482" 0.00965 14 B(E2)(Wu.)=4.6 +3-14; B(M1)(W.u.)=0.000172 +18-51
815.990 4 100 2= 79.804 2+ MI+E2Z 4177 23 000518 8 B(E2)(W.u.)=74 +5-21; BM1)(Wu.)=3.4x10 ~+9-13
028.3029 8+ 379.545 3 100 548.7470 6+ E2 0.0346 B(E2)(W.u.)=354 13
994.7474 4+ 08.95 B95.7947 3+ B(E2)(W..)=505 +122-40
B(E2)(Wa.): From measured B(E2) in Coulomb excitation.
E,: from level energy difference. Existence implied in
Coulomb excitation; possibly obscured in (n,y)
E=thermal by 99y from 1193 level.
173577 1 0.80 5% 821.1685 2+ E2 0.406 B(E2)(W.u.)=92 20
445995 4 1.1 1% 548.7470 6+ [EZ] 0.0222 B(E2)(W..)=1.13 25
730.660 2 100 2= 2640888 4+ MI+E2Z  +13 +16-3 0.00664 10 B(E2)(W.u.)=8.6 18; B(M1)(W.au.)=6.x10>+15-6
Mult.,5: D+Q from y(8) in (n,n'y); A from ce data in
(n,y).

Its not just convenience -- it reduces errors, enhances
efficiency, enhances treating different data consistently.



New Features of NUDAT

Upcoming features: Choose category of nucleus
Plot one observable against another??



Thanks !!1



Backups



Why do some models have so many and others so
few parameters? Can be misleading.

Compare above 10-15 parameter calculation with the IBA which
obtains comparable or better fits with 2-3 parameters.

Why? It’s the same physical system both are describing.

The IBA makes an ansatz: truncate shell model -- s,d bosons. That
saves many parameters. But that ansatz is itself a choice, an
assumption - to set to zero the amplitudes of many shell model
configurations. Be aware of such facets.



