S. JaméS Gates, Jr.

~University System of Maryland Regents Professor,
- John S. Toll Professor of Physics, and
Center for String and Particle Theory Director

University of Maryland, Physics Department, Rf. 4121, College Park, MD 20742-4111
- http://umdphysics.umd.edu/people/faculty/135-gates.html



















‘“‘Harvard is losing all of its superheroes,”’
Howard Schnitzer, 1980

SUPERSPACE

or One thousand and one
lessons in supersymmetry

S. James Gates, Jr.

Massachusetts Institute of Technology, Cambridge, Massachusetis
(Present address: University of Maryland, College Park, Maryland)
gatess@wam.umd.edu

Marcus T. Grisaru

Brandeis University, Waltham, Massachusetts
(Present address: McGill University, Montreal, Quebec)
grisaru@physics. megill.ca

Martin Rocek

State University of New York, Stony Brook, New York
rocek@insti. physics.sunysb.edu

Warren Siegel

University of California, Berkeley, California
(Present address: State University of New York)
warren@wegall. physics. sunysh.edu




Superspace is the greatest invention since the wheel [1] .

Preface

Said ¥ to &, =, and T: “Let’'s write a review paper.” Said ® and =: “Great

ideal” Said T: “Naaa.”
But a few days later T had produced a table of contents with 1001 items.

=, &, VU, and T wrote. Then didn't write. Then wrote again. The review grew;
and grew; and grew. [t became an outhne for a book; it became a first draft; it became
a second draft. It became a burden. It became agony. Tempers were lost; and hairs;

and a few pounds (alas, quickly regained). They argued about vs. “.", about

“which” vs. “that”, “™" wvs. “77, %7 ys. “I'", “4" vs. *-". Made bad puns, drew pic-

tures on the blackboard, were rude to their colleagues, neglected their duties. Bemoaned

the paucity of letters in the Greek and Roman alphabets, of hours in the day, days in
the week, weeks in the month. =, ®, ¥ and T wrote and wrote.
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"IF THIS BE

DOOMSDAY!

’ |

B Edvward Witten |8
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You better not shout. You better not cry.
You better not pout. I’m telling you why.
‘Marc Grisaru is coming to town.’
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THE SUPER G-STRING!

V. Gates?, Empty Kangaroo®, M. Roachcock?, and W. C. Gall®
Departure from Physics, University of Cauliflower, Brocecoli, CA 94720

NOT TOO ABSTRACT
We describe a Y1 W string theory which gives all the

phenomenoclogy anybody could or will ever want (and more). It
makes use of higher dimensions, higher derivatives, higher spin,
higher twist, and hierarchy. It cures the problems of renormaliz-
ability of gravity, the cosmological constant, grand unification,

supersymmetry breaking, and the common cold.










Particle type

Particle

Superpartner

Fermions

Quark

Squark

Neutrino

Sneutrino

Electron

Selectron

Muon

Smuon

Tau

Stau

Bosons

W

Wino

Zino

Photon

Photino

Gluon

Gluino

Higgs bosons

Higgs

Higgsinos

h. A HY H+I-
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matter constituents f i
FERM'ONS spin = 1/2, 3/2, 5/2, ... BOSONS sﬁzﬁe:‘;rrf?,
L.ptnng spin = 1/2 Quarks spin = 1/2 Unified Electroweak spin =1 Strong (color) spin =1

Mass  Electric Mass  Electric
Haver GeVic? charge V' it Name  Gevic? charge

g

electron d down

muon

I neutrino C charm

muon S strange

tau t top
neutrinog

tau b bottom

PROPERTIES OF THE INTERACTIONS

Interaction : )
Gravitational

Flavor Electric Charge Color Charge See Residual Strong

nteraction Note

Quarks, Leptons Electrically charged Quarks, Gluons Hadrons

W+ W- Zu Y Gluons Mesons

Strength retstive to electromag [ 10718 m 0.8 25 Not applicable
for two u quarks at: 10-4 60 to quarks

iy MNot applicable
for two protons in nudeus 107 to hadrons 20
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From: Rolf Heuer <rolf.heuer@cern.ch>

Date: 14 March 2013 11:29:54 AM SAST

To: "cern-personnel (CERN Personnel - Members and Associate Members)"
<cern-personnel@cern.ch>

Subject: CERN Press Release: New results indicate that particle discovered
at CERN is a Higgs boson

La version frangaise sera disponible ultérieurement ici: hitp://press.web.cern.chifripress-releases

New results indicate that particle discovered at CERN is a Higgs boson

Geneva, 14 March 2013. At the Moriond Conference today, the ATLAS and CMS
collaborations at CERN's Large Hadron Collider (LHC) presented preliminary new
results that further elucidate the particle discovered last year. Having analysed two
and a half times more data than was available for the discovery announcement in
July, they find that the new particle is looking more and more like a Higgs boson,
the particle linked to the mechanism that gives mass to elementary particles. It
remains an open question, however, whether this is the Higgs boson of the
Standard Model of particle physics, or possibly the lightest of several bosons
predicted in some theories that go beyond the Standard Model. Finding the answer
to this question will take time.

Whether or not it is a Higgs boson is demonstrated by how it interacts with other
particles, and its quantum properties. For example, a Higgs boson is postulated to
have no spin, and in the Standard Model its parity - a measure of how its mirror
image behaves - should be positive. CMS and ATLAS have compared a number of
options for the spin-parity of this particle, and these all prefer no spin and positive
parity. This, coupled with the measured interactions of the new particle with other
particles, strongly indicates that it is a Higgs boson.




f Supercharge & Supersynmletry Algebra
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4D Chiral Supermultiplet
(AT-' B? /tﬂbﬂ-? Fﬂ G)

DA = ¥, ,

D.B = i(y) vy |

Dty = i(1"")an 0,4 = (V") 0,B = iCu F + (Y)usG
D.F = (’Y“)abap Yy

D.G = i(yy"). B9 -




4D Vector Supermultiplet
(Aps Aay d)

DAy = ('Y,u)ab)\b 7

DAy = = i5([7", Y )ab (04 4y = 0, Ay) + (75)&6(1 a
Dud = i(v"y")’ Bk




4D Tensor Supermultiplet
(5101 Bﬁ vy X::.:)

Xa s

= i[ms W' 0 s
i(‘yﬁ)ubap(lo o (757p)u.beppJTachrr '







Zero Brane Redution

A(T,;I!, Y, z) — A(T) ? B(T,;B, Y, z) — B(T) ’
F(T,:I:, Y, z) - F(T) ’ G(T?gj? Y, 'z) - G(T) ’
f‘r[’a(‘rama Y, z) — Tr[’ﬂ.(T)

Ya

i (V)a" Yb

i ()ar0:A — (V°1")ap0:B — iCo, F 4+ (v°)aiG , |
(Y")a" B b

z (75‘)’0)ab Or Py




‘Node Lowering’

F—}@Tﬁ?GﬁaTé




Valise Formulation

D,—-D

I

P &

b =A, & =B,0=F  &=0,
Uy = iy, Uy = —ity, Uy = —ity, Uy = — ity ,

D = i(L) % . D

|

U =

|










GR(d, N) = ‘Garden’
N, d X d Generalized Real

Pauli/van der Waerden Matrices |

(Lp) (Ry)* + (Ly)? (Ry);* = 20,8
(Ry){ (Lp)* + (Ry)d (Ly );L' = 24y 6/ ;
(R);* 0 = (Ly)i" 5 .







For a fixed value of N there is a mini-
mum value dar such that dys X da matri-
ces faithfully represent this algebra. With
N = 8m + n, 1 <n < 8 and using the
definition if = 8k — m = k — 1 for
k= 1, 2, 3, ... o0, this minimum value is
shown in the following table

n Fr+(n)
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VM Explicit L-Matrices

1 0 0] (10 0 0}
0 0 -1 00 10
00 0 ET 0210 0
0-1 0 00 0-1

001 (001 0|
100 o |-1o00 0
010 + 0 00 -1
00 0] 0 10 0]







TM Explicit L-Matrices

10 0 0|
00 -1 0
00 0 -1
0-10 0

(001 0
100 0
010 0
000 -1]










1D Garden Algebra Valise Supermultiplet

d
—0;
dr

Valise Chiral Supermultiplet

D® =1(L),;¥ , DY = (R);

DA = %, , DuF = (Y
DB = i(Y) ¥ , DG = i("*1) ¥
Doy, = i (¥)418:A — (v*7%)a1 8. B

— iCap & F + (7*)ab8. G .

Valise Vector Supermultiplet
DaAi - ('Yi)ab)\b ’ Daa — i(’Ys'YO)ab )\b ’
DX = — i5(¥°7)ab (8 Ai) + (¥*)abOrd .

4D Tensor Supermultiplet

= Xa DaBij = - %([7:‘3 7j])abXb ’
‘i(‘}/o)abl&,—(‘ﬁ + (757i)ab€ijkar-8jk .







Mathematica was used to generate all possible L-matrix
solutions of the GR (4,4) equations.

The matrices can be decomposed into a binary part and g
permutation part:

- f -
(Ly)f = (SUJ)I-(PU])?




- o "
(L) = (SD),(Pw)]

r(—1)Pn 0

k 0 1)Prz
(s = )

(—
0
0

0
i 0
(RDp= pri2° + pr22" + p132° + ppa2°
(P‘U});RE {matrix representation of S, }
(Pa)i*— (515:5354)p= (51525354)

This also leads to a simpler notation for the matrices

L, = (10),(1423), = (10),(1423) = (1423)




Defintion

rormally, & Caxeter group can be defined a5 & group with the presentaton

Mj )
Y

bt

where . = | and i > Dy # } Theoorion = CC ears ool o 1 J-)”'

snould be imposea.

The pair (W,5) where Wis & Coxeter group with generators S={r.. o is called Coneter system, Note thatin
qeneral S1s notuniquely determined by W, For example, the Coxeter groups of type BC; and Aty are somorphic
outthe Coxeler systems are not equivalent (e below for &n explanaton ofhis notafon)




For d=4,N=4
there are 2* = 16 possible combinations of the binary part

There are 4! = 24 possible combinations of the permutation part §
(elements of S,)

There are 16 x 24 = 384 possible matrices in the solution space
2%41 = order of Coxeter group BC, , abstract group of reflections
Using Mathematica, every combination of the matrices was

used in the Garden Algebra equations to find tetrads (sets of
4) of solutions.

1536 tetrad solutions were found

By examining the solutions, the number was reduced only
considering the even-parity solutions ( (0),, (2),, (4),, .-.) leaving
96 tetrad solutions.

The 96 tetrads can be broken into 6 groups...




<1423>

<2413>

<1342>

<4123>

<3421>

<3412>

<2314>

<1324>

<2431>

<1432>

<4312>

<4321>

<3241>

<4231>

<3124>

<2341>

<2134>

<1234>

<4132>

<3142>

<4213>

<3214>

<1243>

<2143>










Hodge Duality

—

V-B=0

El

. . 108B
=0, VXE& + =0
c Ot c Ot

= fcosa + Bsina ,

= —
— € sina + Bceosa |,

Ifa = /2 then

&£ =8 , B =-E,

which can be written in the manifestly relativistic notation as

I =1 Ko\
F_u,y - ZEEpypa'np n Fm.l ’




B,Lw (Bwe - _B..zw)

F, = d,A, — 3,4,

aﬁfv — d, u = 0 fxﬂﬁwa.lﬁw =0

1 4 JTATE "
7| 4*x F*Ey S,

5,

6By
d,hy, — dyh, =0

hy < fu







Equivalence Definition Under the *-map

Q)













Doubly
Even
SDEC's

Control

Folding




@

Even (1101) (L110) R (1011) [(0111)]

Doubly

SDEC'’s

Control @ @ @l @ @ @

Folding
(1000) N (0100) ISR (0010) N (0001 )




Doubly
Even

SDEC’s

Control

Folding

Bits Naturally Arise From The

Geometry Of Hypercubes

To a small part, the appearance of the SDEC’s is not mys-
terious. Bits naturally appear in any situation where cubical

geometry is relevant. The vertices of a cube can always be writ-

ten in the form

(£1, 1, +1, ..., £1)

or re-written in the form
( (j:]-u )Pl:‘ (:I:l )P}_‘: (:I:lv)p:ia R (:I:l )Pa’ )
where the exponents are bits since they take on values 1 or 0.

Thus any vertex has an ‘address’ that is a string of bits

(PL, Do, D3, ---:’Pd)

the information theoretic definition of a ‘word.’







_1'-3 =T|11p [{._Ejzﬂefﬂj‘lsz{}E.-['-‘J‘Ifg-:]
(M) =5 [(L)FR) = (Lo)H(R)]

U / b o yay . (b
Yeisl@t, b) = 4 cos &) COS (5; + 4 sin (E) s (E)
- . / b o qsay . b
Yirans(@, b) = 4 cos J) COS (E,J — 4 sin (5) sin (E)
[ b

vela,b) = 8cos &) COS (5)

x(a,b) =4(n. 4+ n,) cos (%) c0s (g) +4(n, —n,)sin (g) sin G)













Kirchoff’s Law: V = § ¢ - al

j{gi di — 3 h(Dp)(hy — h)

links

Y — By

By = Z h(Dy) (hy — hi)
.z

inks




d Bow-Tie Number Calculations
In the
*Ferromagnetic Phase”’




+ 5{(hy — hi)1 + (hy — h);.
+ (hy — hi)s + (hy — hi)a}

£ 5{(5) + (hy — h);
+ (hf — hi)s + (hy — hi )i}

+5{(3) + (—3)+ (hy — hi)s
+ (hy — hi)s}

+3{(3)+(—3) + (
+ (hy — hi)s}







8 Bow-Tie Number Calculations
in the
*“Anti-Ferromagnetic Phase”

By = £5{(hy = hi)— (hy = hi)o
+ (hy = hi)s— (hy = hi)s}
















':' o
B. 0

0 Bp 0 0

Brlprt 0 0 0
0 0 0 BB
0 0 BBt 0

+8,8,8. '8, = +1
:I:,c?]_ : ]

a a—1
+ 8,8,

_J ¥




|Bgr---Birl| | Bsg...BiL||

+ 68133 1 55 1 5 1 (3x degenerate) |+ BB fs50 B A

+ 51 BaBsBy B Bs ", £ BoBafBsBy B 5!

+ 51 BB By Bl Bst =+ BiBsBeBy B 5!
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