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L’ANIMAL-MACHINE In the nineteenth

L'animal-machine est une hypothése éthologique selon lagquelle les animaux century, Descartes W_as

sont des machines. Comme les machines, les animaux seraient des revered for his

assemblages de piéces et rouages, dénués de conscience ou de pensée. D'un mechanistic physiology

point de vue religieux, I'application du mécanisme a la vie revient a [nier I'ame .

des bétes qui périssent donc entierement au and th_eory that anlmal

moment de leur mort. Poussée a l'extréme, bodies are machines
(that is, are constituted

notamment par Micolas Malebranche, cette
by material mechanisms,

conception implique que leurs cris et
gemissements ne peuvent étre que le reflet

governed by the laws of
matter alone).

de dysfonctionnements dans les « rouages »
plutét que I'expression dune souffrance.
Méme si cette vision du probléme est
complétement décalée par rapport a la
vision modemne, elle peine a étre delogée
par des conceptions plus en adéequation
avec les avancées scientifiques récentes.

Rediictionist Perspective

Craig Roberts. Emergence of Partonic Structure (80p)

o 16-20/01/17: Tower of EFTs and 3
Emergence of Nuclear Phenomena



Strong Interactions in the
Standard Model of Particle Physics

U Chromodynamics = nefbelian, relativistic gauge field theory
L — ﬂl-r' (I(H#‘D )"-r_ﬂ’l f}-) 1 — '—Gﬂ G#P
QCD x ﬁ 't] 17 tL-j . af
/

-
-
-

. Pmblems_ Quark fields here (material) ™"~ G 1uoh fields here
¢ Quantise the theory (Force field)
¢ Solve for the spectrum of supported states

¢ Elucidate their internal structure.e. expose & explain how the states
are built from the gluon & quark fields used to expresslthgrangian

U Special features of chromodynamics

¢ - ‘5 involves gluomuark interactions, a normal part of theories
since Maxwelli.e. matterfield interactions

¢ G 2G 2involves gluorselfinteractions = fielefield interactions
X Essentially New Feature
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\_______________________________________
Extract fromspectrum of _ _
nucleon states Strong Interactions in the

(resonances) with massStandard Model of Particle Physics
lessthan 2GeV

Experiment (PDG) 1/2+(P11) 3/2+(P13) 5/2+(F15) 7/2+(F17)

?XQ,pir%gVith theory ::E H H@g ﬁE EE .- EJ H

Theory results are

1.4} ]
outcome of massive S, .PEE 5 H
;?]ranlsgltr?;c;ngggﬁort, % 2ol 1/2-(511) | 3/2-(D13) | 5/2-(D15) .
. ’ . | =
iIndependentata points 1.8} q % o -
representingcomplete Lﬁ-E E - E:l o s E"H ==}
array of partialwaves 1.4} 1 l .

Partly EmergenK ! h
computations use
mesonbaryon degrees bl dzZNEQa & Ol t S-intdracthl @bktel A
Of_freedom =1 GeV 4.783(103 H Rg'F H R meﬂ
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\___________________________________________
U Extract fromspectrum of

nucleon states Strong Interactions in the
(resonances) with masStandard Model of Particle Physics
lessthan 2GeV M

U Experi E— \?!2+{F1?] |

meson-bary()n degree.s bl 0dzZNBEQa & Ol f Sintdr&thh gektet A ¢
Of_freedom =1 GeV 4.783(103 H Rg'F H Nmeﬂ
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Strong Interactions in the
Standard Model of Partlcle Physics

Lacp = Ui (i(¥* Dp)ij — m i) v — ;IGTL GY*
Only apparent scale in chromom IS mass of the quark field

In connection with everyday matter, that mass is 1/2%50 the
natural (empirical) scale for strong interactions,
viz more-than two ordersof-magnitude smaller

Reductionist:
¢ Quark mass is said to be generated by Higgs boson.

Plainly, however, that mass is very far removed from the natural
scale for stronghnteracting matter

Nuclear physics massalec 1 Ge\c is anemergent feature of the
Standard Model
¢ No amount of staring at 5cpcan reveal that scale

Contrast with quantum electrodynamios,g spectrum of hydrogen
levels measured in units afi,, which appears ibogp
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Modgls anq EFTs for nuclear Nuclear Models & EFTs
physics typically assume and accent e

the existence of the natural mass as
scalem,f 1 GeV

1 Assume and accept, too, the reali

o XHEME - -

of effectivelypointlike nuclear moer 4 HEX K =
constituents (protonneutron, etc.) woe Y kbfd b4 - H X A L -
and force carriers (pion and, oo dl b bl bt = L B X Y

perhaps, other mesotiike entities)
La&adzS r St dz-OARFOS UOKSANI AYyiSNY|
Instead, develop systematically improvable techniques that can relic
describe & predict the number & nature of (atomic) nuclel
Reductionism built on an emergent plateau

Basic reductionist question here:
¢ Can the plateau upon which the nuclear model/EFT paradigm is built be
constructed from chromodynamics?
LT daéS&aés OKSY Iff LI NFYSUOSNEB
craig Robers. Emergence of parionic sucr MM D€ confronted withab initio predictions
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Nuclear Models & EFTs

U {dzllLl2asS UKS FTyagSNI Aa deéesSaé 2N
plausible
u Why?

U Example, magnetic moments of light nuclel
nuclearshellmodely lattice-regularised QCD
Vd=p+n >f>+>

4r P SH .
V 3H :prb (1s) + P n@ (15) e e R L e oy}
>P0 >F>,->=> o 2 _
B0 >F = 2| d
Vi3He=ppe(ls)+m(ls) = & T
0
N e
n
e T iz,

2015 NSAC Long Range Plan,
Nuclear Science
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What & where is mass?
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-, 1
Lacp = Vi (17" Dy)j ) ¥ — EGL Ga

0

0

“Whence.Mass?

Classicathromdynamics< non-Abelianlocal gauge theory
RRY2@JS (KS OdzZNNByid Yl aa X y?2
No dynamics in a&caleinvarianttheorsf 2yt & (1 AYSY

theory looks the same at all lengHtalesX there can be no
clumps of anything henceboundstates are impossible

hdzNJ ! YAOGSNBES OFyQil SEAAC
| A334 0242y R2SaAXQU2BEF OSYhDH
constituted from lightquarks & the mass of protons and

neutrons, the kernels of all visible matter, are itiies larger
than anything the Higgs can produce

Where did it all begin?
X 0 S OXWhera did it all come from?
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Whence.Mass?

Poincar@nvarianceentails that the EnergiMomentum Tensor is
divergencefree, i.e. it defines a conserved current:

8 T L T, ganalways
utpy — be made symmetric
Noethercurrent associated with a global scale transformation:
Xxhe X

Isthe dilation current:D. =T, X,
In a scale invariant theory, the dilation current is conserved

0,D, =0= 0Tz, + Ty

— Ltpp
Consequently, in acale invariant theory

the energymomentum tensomust be tracelessl, . 0
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Trace Anomaly

Classical chromodynamics is meaningkessust be quantised

Regularisation and renormalisation of (ultraviolet) divergences
Introduces a masscale

X dimensional transmutationmassdimensionless quantities become
dependent on a masscaley

hHh 0N VW v (Mm&ssdess)agrangiamensity,L(m=0) QCD function
Undera scaldéransformationy e ¥ thenh h™ h o h ©
LM hiohdbk RN Trace
. ., ) g S anomaly
t K.D.=L1L/t "=hio hdD/R M| 0iNMAG G =T =0,

Straightforward honperturbativederivation, without need for

RAFAINIYYIFGAO lylFrteara X
guantisation ofrenormalisabldour-dimensional theory
forces nonzero value for trace of enem@ymentum tensor
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Where is the mass?

B

“\  Craig Roberts. Emergence of Partonic Structure (80
Q{L\* g g (80p)
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Ty = $B(a(¢)GE, G

wr— i Trace Anomaly

UYYy2gAy3a GKIFIG I GNIFXOS ly2Ylfé S

Indicates only that a masscale exists
1 Can one compute and/or understand the magnitude of that scale?
| One can certainlyneasurel KS Y I Iy AddzRS X 02y

@(P) Tuu‘p(P» = _P,upu

(p(P)|Tuulp(P)) = —P? =m

e D
p
= (p(P)|Oo0|p(P))
I LYy O0KS OKANIXf fAYAU GKS Sy iANB
trace anomalyg,,

X LYy ¢ymedsuares the strength of gluon safteractions

X a2 FTNRBY 2nyiScomjdetely gbetated ¥ §lze.
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On the other hand ...

{\, Craig Roberts. Emergence of Partonic Structure (80p)
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T,u,u — iﬁ(a(C))Ga &

0

wr— i Trace Anomaly

In the chiral limit
()| T ™(@)) = —quar +  (w(q)|Oo|7(q)) =0

Does this meathat the scale anomaly vanishes trivially in the
pion state,l.e. gluons contribute nothing to the pion mass?

Thatis a difficultwayt® 6 G F Ay a1 SN ¢

Easier perhaps, to imagine that | S NP ¢o canéefations
between different operatorcomponentcontributions to the
expectation value of .

Of course, such precise cancellation should not be an accident

It could only arise naturally because of some symmetry and/or
symmetrybreakingpattern.
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Ly = iﬁ(O‘(O)GZVGZ” Trace Anomaly

U In the chiral limit

()| Tpw (@) = —quav +  (7(q)|O0|7(q)) =0
i Nostatement of thegquestion

G 2 K S fhepsoton's mass €
Iscomplete without the additional clause
G 2 K S fi€aBsenceof a pion mads ¢

U Natural nucleaphysics masscale must emerge simultaneously
with the apparent preservation of scale invariance in related
systems

¢ Expectation value af,in pion is always zero, irrespective of the size of
the natural masscale for strong interactionsm,,

U Is there a reductive explanation?

Craig Roberts. Emergence of Partonic Structure (80p)
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Whence. . 016 and yet

(p(P)|©0|p(P)) =mz, (m(q)|Ool7(q)) =0

U Both statements ar®oincar@nvariant

U In connection with any boundtate, the only things that any two
observers can certainly agree upon are the eigenvalues of the
Casimir operators of thBoincarégroup evaluated in that state:

¢ M2Ibm* & WETH #(j+1)
X 0KS Ylaa yR (G2a4GFf &aLAY

U No decomposition of these quantities into separate contributior
from constituents can ever bd@oincareinvariant or scalenvariant

¢ This fact lies at the heart of the €0l £ f S-RNJ& &4 RJA ¢ |
could therefore have been avoided

Craig Roberts. Emergence of Partonic Structure (80p)
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Whence. . 016 and yet

(p(P)|©olp(P)) =m7, (m(q)|O0|r(q)) =0

U Even using lightront quantisation, both thenaturesof and
contributionsfrom constituents changes with resolving scdle,

In fact, themeaningof constituentchanges withy

U Can it be sensible to attempt an expression of these trace anol

statements in a particular frame,gb | K| RKE1§?Q &
U Difficulty
X F YlaaftsSaa LI NIAOES R2

U For a unified, simultaneous description, seems thRbacaré
Invariant analysis would be advantageous
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Lqcp = lf_ﬂi (if"‘qup)t‘j ) U Vi — ;IGLGW Whence'?

0/t &aar0rt  OKNRAisBAIgaogedhdoryX

U Local gauge invariance; but there is no confinement without a
massscale

¢ Three quarks can still be colesinglet
¢ Colour rotations will keep them colour singlets
¢ But they need have no proximity to orzﬁmother X
X LINPEAYAUe Aa nN@hayitAhgayt Saa Ay |
02KSyOS YlIaa X SlidagadSyd X2
equivalent to whence a confinement scale

U Understanding the origin and absence of mass in QCD is quite
likely inseparable from the task of understanding confinement.

Existence alone of a scale anomaly answers neither question
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