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Dreams Fulfilled




matter constituents f i
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PROPERTIES OF THE INTERACTIONS

Interaction ..
Property Gravitational

ct o Al | Quarks, Leptons a«mw charged | Quarks, Gluons | Hadrons |
e Grvitn | W+ W- 20 |y | Gluoms | Mesons |
0.8 25
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for two u quarks at:
33107 m 104 60

. Not applicable
for two protons in nucleus to hg%rons

Not applicable
to quarks
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Dreams Unfulfilled




When all the particles of today’s Standard Model are
classified according to their spins (bosons or fermions)

and matter/energy properties, the image is highly asym-
metrical.




Should ‘sparticles’ or ‘superpartners’ be later observed
in laboratories, once more there would he a high sym-
metrical table to describe physical reality.
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ATLAS SUSY Searches* - 95% CL Lower Limits

Status: SUSY 2013

Mass limit

ATLAS Preliminary

[Ldt=(46-229)fb"

Vs=7,8TeV
Reference

Model e u T,y Jets ET™ [Lam)

MSUGRACMSSM 2-6 jets
MSUGRAICMSSM 3 3-6 jels
MSUGRACMSSM 710 jets  Yes
26015 Yes
26 |ets Yes
e 36jets  Yes

&8, g—-gq[{[ tvj )] 2ep 0-3 jets -
GMSS (¢ NLSP) 2eu 2-4 jets Yes
Yes
Yes
Yes
Yes

GMSB (7 NLSP) 12r 0-2 jets

GGM (bino NLSP) 2y

GGM (wino NLSP) leu+y -

GGM (higgsino-bino NLSP) Y 16

GGM (higgsino NLSP) 2e.p{Z) D0D3jets Yeos
Gravitino LSP 0 mono-jet  Yes

m@lemig)
any m(a)
any m(a)

200 GV, mijT* =0 Sm(T3 lemig )}

mii}}=0GeV

tang<15

tang >18

miif}=>50 Gev

mii31>50Gev

mii}}>220 Gev

m(H)>200 GaV

mige-10" eV

ATLAS-CONF-2013-047
ATLAS-CONF-2013-062
13081841
ATLAS-CONF-2013-047
ATLAS-CONF-2013-047
ATLAS-CONF-2013.062
ATLAS CONF-2013.089
12084588
ATLAS-CONF-2013-0026
1209.0753
ATLAS-CONF-2012-144
1211167
ATLAS-CONF-2012-1582
ATLAS.CONF-2012:147

'bb\u‘ 0 3 Yes
l-'"‘ﬁ 0 7-10jets  Yes
Fetthy 0-tep 3b Yes
F—bth, 0-1ep ab Yee

mll.l«trOUGeV
mii}} <380GeV
71400 GaV

ATLAS.CONF.2013.061
1308.1841
ATLAS-CONF-2013-061
ATLAS-CONF-2013-061

by by, By bk} 0 26 Yes

bib, bi—tkt 2es(ss) o Yes

Hhilight), Bi—bVT 1200 - Yos
 Fillight), - WaE] 2e.u
I, fi{medium), ?,«n 2e.u

T Ty (medium), :,—-bn 0 Yes

i fi(haavy). (.—-u leu Yes

e,r.(heevy) t.~th 0 2 Yes

0 mono-jet/c-1ag Yes

2e.uiZ) 16 Yes

3eulZ) 16 Yos

il EEd

mii} <90 Gev

mii} )2 miiy)

mite55CeV

MITT} =re(dy || W-50 GaV. m(E y<<m(T])
miF] =0 GeV

mii} <200 GaV, m{¥i pmit])=5 GeV
mll::.:lﬂ)Ge\'

miis 10 Gav

mif)-m(F])<8S Gev
miiy)=150 Gev
mit)=mii])e 180 GeV

130852631
ATLAS-CONF-2013-007
12084305, 12002102
ATLAS CONF-2013.048
ATLAS-CONF-2013-065
13082631
ATLAS-CONF-2013-0G67
ATLAS-CONF-2013-024
ATLAS-CONF-2013-068
ATLAS-CONF-2013-Ce5
ATLAS.CONF-2013.02%

(._‘Rfl R. P K} 2ep 0 Yes
T, llf-iv(h) 2eu 0 Yes
nl4 l.—-?»(n) 2r . Yes
—‘llw?{l(n) RELE(v) Seu 0
q—thaZl eu 0
2

ey
-

-

S

miEy =0 GeV
miT] =0 GeV, m(7, 7)=0.5(m(¥; fermi¥ )}
mii}|=0 GeV, m(t, 7{=0.5m|T} }emii| )
miE})=miEs), m(} =0, mi?, 7)=0 Sim(T} Jem(i}))
i , slaplons cecouphed
m(FY =0, slaplons cecoupled

ATLAS.CONF.2013-049
ATLAS-CONF-2013-049
ATLAS-CONF-2013-025
ATLAS-CONF-2013-035
ATLAS-CONF-2013-08%
ATLAS-CONF-2013.05G

Direct ) T3 prod., long-lived T;  D=app. k1 jat

Stabie, sloppeug A-hadron 0 1-5 jets
GMSB, stable T, 73, A)srle.n) 120 . .
GMS8, Ti—vG, long-#ved Y] 2y . Yes
38, ¥1—qau (RPV) 1., dsol vix .

Yes
Yes
awx,hn 1eu 206 Yes
Yos
Yes

b LT

MEYI=160 MeV, (1] }=02ns
11=100 GeV, 10 ps<r(F)<10008
10<18n8<50
04<r(i])<2ns
1.5 <cr<156 mm, BR()=1, m|T}}=108 GaV

ATLAS CONF-2013.069
ATLAS-CONF-2013-067
ATLAS-CONF-2013-068
1304 6310
ATLAS-CONF-2013-062

LFV pp—s¥, 4 X, Fp=se + p 2e,u
LFV pp—¥. + X, bo—e(u) + 1 leust .
Bilinear APV CMSSM 1e.u 7 jots
) —eev, epv,  Aep
Fo by, B —=WEY Vi—rry, erd, 3epsr -
F—qa9 0 6-7 |ets
E—tit, fi—bs 2e,u(SS) 0356

A344=0.10, di32=0.06
A1 5010, A3y =005
mi@l=m(g), crysp<t mm
miT] =300 GaV, 443,50
miET}>B0 GeV, 4,0 >0
BR|t)=BRA(b|=BRA(c|=0%

12121272
12120272
ATLAS-CONF-2012-140
ATLAS CONF-2013.065
ATLAS-CONF-2013-0G6
ATLAS-CONF-2013-091
ATLAS-CONF-2013-007

:

*Only a selection of the available mass limits

Scalar gluon par, sgluon—qg 0 4 jpts
Scalar gluon par, sgluon—t# 2e, ;n (SS) 16
WIMP imeraction (D5, Dirac x) mano-jet

wcl bmit rom 1110.2663

m(y)<80 GeV, imit ol <537 GeV for D&

" 1 PR S S '

‘ 1
R - 107

phenomena is shown. All limits

Mass scale [TeV]

al signal ¢ section uncertainty.

12104826
ATLAS-CONF-2013-081
ATLAS-CONF-2012-147




Summ f MS SUSY Results* in SMS framework SUSY 2013

m(mother)-

g-aq¥’

§-ai’

g-bby’

BRI .
RN
aaqq(xzix?rx";")
§— 0~ W'K)
g-1f—-")
ﬁﬂqq(i’;-i'vi:)
§-0a %, ~Zx)

- W)

- Qe YR % > WK)
T a%; %)
§—bib - & — W)

gluino production

T b —WK)
TobE W)
T-10%x° ~HG)

CMS Preliminary

For decays with intermediate mass,
mm-:xn'edme =X mrrc',}'»:u-l:1 X) rnls.:.

EWK gauginos

0 200
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit




Constrained Minimal Supersymmetric

Phenomenological Minimal Supersymmetric

Symbol Description number of
parameters
g the ratio of the vacuum expectation values of the two Higgs 3
doublets
M 4 the mass of the pseudoscalar Higgs boson 1
7 the higgsino mass parameter 1
M, the bino mass parameter 1
M, the wino mass parameter 1
Ms, the gluino mass parameter 1
Mg, Mag, My, the first and second generation squark masses 3
mj,Ms, the first and second generation slepton masses 2
ma, Mg, M; the third generation squark masses 3
mi, Mz, the third generation slepton masses 2
A, Ay, Al the third generation trilinear couplings 3




Mass [GeV]

Constrained Minimal Supersymmetric
Standard Model (CMSSM)

G. L. Kane, C. F. Kolda, L. Roszkowski and

J. D. Wells, Phys. Rev. D 49 (1994) 6173 At MGUT ~ 2 % 1018 GeV:
1500

#$ gauginos My = Mz = mgz = m, ),

» scalars
2 2 2 — 2 — 2
mai = mii = me — mH" = mo

3-linearsoftterms A, = A; = Ap
radiative EWSB

2 _ ""Hb _""%Iz tan? 38 m2
H = tanZ2 81 2

five independent parameters:
my /2, Mo, AO’ tan,@s Sgn(“’)

Log,,(Q/1 GeV) well developed machinery to compute
figure from hep-ph/9709356 masses and couplings

In general supersymmeétric SNFteo ' many ffée parametel



PHYSICS TODAY

Is string theory

phenomenologically
. viable?

I. S. James Gates Jr
\V

String theory is entering an era in which its theoretical constructs will be confront-
ed by experimental data. Some cherished ideas just might fail to pass the test.

Jim Gates is the John S. Toll Professor of Physics and director of the Center for String and Particle Theory at the University of
Maryland in College Park.

Physics Today 59, 6, 54 (2006); https://doi.org/10.1063/1.2218556




1.5 GeV/c?

directly

Physics Today,
59N6 (2006) 54.




precision measurements

and so forth.

Physics Today,
59N6 (2006) 54.
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Nuclear Physics B
Volume 238, Issue 2, 11 June 1984, Pages 349-366
ELSEVIER

Lesson 1-A B . .
uperspace formulation of new non-linear

sigma models

S. James Gates Jr. 12

Nuclear Physics B

Volume 248, Issue 1, 17 December 1984, Pages 157-186

Lesson 1-B ELSEVIER
Twisted multiplets and new supersymmetric
non-linear o-models s, %, %

S.). Gates Jr., C.M. Hull, M. Rocek
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Lesson 1-B

Lesson 2

Nuclear Physics B

Volume 238, Issue 2, 11 June 1984, Pages 349-366

-

lAi:l,Sii\'lliR
Superspace formulation of new non-linear
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S. James Gates Jr. 12

Nuclear Physics B

Volume 248, Issue 1, 17 December 1984, Pages 157-186
ELSEVIER

Twisted multiplets and new supersymmetric
non-linear o-models s, %, %

S.). Gates Jr., C.M. Hull, M. Rocek

Nuclear Physics B

Volume 254, 1985, Pages 187-200

-

ELSEVIER

Comments on nonminimal N =1 scalar
multiplets

B.B. Deo *, S.J. Gates Jr. **




Lesson 1: Useful Inequivalence In Strings

(PO = F[C*x ()] ,
(P(:))ab(P(i))bc - (P(i))ac ’ (P(i))ab(P(;))bc =0 3

PO = (LD = PP, PPy = - P
(ML) = PE)HH) , (PO = PPy,
(PPN = PE)H ), (PEp), = (PEg),

(P = PO (PTIamy = POl (PHapyt = Pl

Dx(z:t) = (P(i))abDb ;




Lesson 1: Useful Inequivalence In Strings

The Chiral Supermultiplet in 4D, N =1 & 2D, N = 2 Superspace

D5V =0 , DW® =0

D,A = Qpa , DB = —1 (75)ab "pb :
Dotpy =i(1)ab A + (7"7)ab OB — iCat F + (¥)asG
DaF = ('7“)ab ap. "/}b ’ DaG = i(’)'s'Yu)abap d’b .

® =A +:iB X =F +iG

Les = — 3 D°DD'D & @

1 = 1l wr=F .1
— 50,80"® + ;XX + 25(’)!#)@1[)06#1{)6




Lesson 1: Useful Inequivalence In Strings

The ‘Vector’ Supermultiplet in 4D, N =1 & 2D, N = 2 Superspace

D ((PYIA)) =0,

DY A = (PH1)a" A

a

DA = 4 i (PHy*)t auh

a

DAy = — i3(PE ), F,, + (PE),,d ,
F.=0,A,—8,A,
= — £D°DLYAY(P(IA), + h.c.

1 v . 1 a 1
— FuwF* + i3 (7)®AbAs + 3d°




Lesson 1: Useful Inequivalence In Strings
The ‘Tensor’ Supermultiplet in 4D, N =1 & 2D, N = 2 Superspace
D°D{Yp =0 , DD, ¢ =0

D% = (P™))a"x,

DYH, = Fi(PY")"9x,
Dix, = i(PHy")w [ Bup £ iH, ]

1
H,;s; = 0,B.5 , H, = ﬁeupaBHpo.S

Lrs 31—2D‘z D+ D"Dl(,_)m2 + h.c.
v -1
— 15Hu, H"" + i5(v") X0,
= — %6,,(.06“(,0 + %H,,H” + i%ﬁ")bCXbauX




Lesson 1: Useful Inequivalence In Strings

In the GHR paper:

When the dimensionally reduced version of the last two super-
multiplets were studied it was concluded that the latter two
theories are in fact equivalent to each other. In less than four
dimensions these were given the name of the ‘twisted chiral

supermultiplet.” (‘C-Map’)

But when compared to the chiral supermultiplet an
Interesting observation was made.




Lesson 1: Useful Inequivalence In Strings

Important Mathematical Lesson:

When sigma-models are described using ONLY one
these supermultiplets in 2D, their geometry is Kahler.

When sigma-models are described using MORE than
one of these supermultiplets in 2D, their geometry is
NOT Kahler, but contains torsion.

This was the first hint of a new topic in mathematics
now called ‘complex geometry.’




Lesson 1: Useful Inequivalence In Strings

Important Physics Lesson:

The physics of sigma-models described using ‘complex

geometry’ is totally different from Kahler models. This
has been observed many times in the context of string

theories where different compactifications lead to the

algebraic geometrical structures (homology) describing
the zero-modes of the string.




Lesson 1: Useful Inequivalence In Strings

Important Physics Lesson:

This phenomenon where distinct supermultiplets with
the same spectrum of states when simultaneously

appearing in actions leads to distinct physical results

has been given the name of “useful inequivalence” by
T. Hubsch.




Lesson 2: Useful Inequivalence In 4D SUSY?

A Brief Aside On Majorana Spinors &
Gamma Matrices

A natural from the view of Salam-Strathdee superfields is to introduce Majo-
rana Spinors as a basis to describe spinors and thus we describe such fields by the
introduction of
- Yi(z) |

¥¥(z)

¥¥(z)
| ¢i(z)

where the four anticommuting functions ¥*(z) (with @ = 1, 2, 3, and 4) are real.

¥i(z) =

The four dimensional gamma matrices we use are defined by

(")’ =i(o* ®a?)," (Mt =T@e").®
()" =(0"®0%)." . ()" =(L&d)
which can all be to be purely real satisfying the conditions

Yo+ Yyt =29, Yy = 41,




Lesson 2: Useful Inequivalence In 4D SUSY?

The corresponding gamma-5 matrix is given by

()t = ~(' @Y.

which is purely imaginary. Hence onfy the products £i (4*) can be multiplied by the
Majorana spinor.

In order to raise and lower spinor indices, we define a spinor metric by

Cab = —i(03 ® 02)@ = — Cab = -Cba

0 0
1 0
0 1

0

0
The inverse spinor metric is defined by the condition C*C,. = 4.°.
We construct a Dirac spinor W*(z) by simply a doublet of Majorana f,(z) and

tbfz)(x) spinors to form a complex one.

Vi(z) = Jp [ ¥f)(2) + ivh(2)]




Lesson 2: Useful Inequivalence In 4D SUSY?

Introducing Dirac spinors in a system of 4D, N =1 SUSY
requires doubling.

DAny = Yo(ny
DBy = i(¥) Wy

Doty = (sl — (Y1")as0uBy — iCunFiy + (¥)asGy
DoFy = (¥)s Quthury
DGy = i(Y7) 0ty -




Lesson 2: Useful Inequivalence In 4D SUSY?

The standard way to obtain the chiral components in
SUSY phenomenological models from Dirac spinors

Uo(z) = 5 [ Lar + (V¥)as] ¥(2)

Tc‘!(.’lﬁ) % [(14)o.b T (75)ab] [l]:,b(x)]”t




Lesson 2: Useful Inequivalence In 4D SUSY?

But could there be

alternatives?




Lesson 2: Useful Inequivalence In 4D SUSY?

The Complex Linear Supermultiplet (CLS)

DUy = iaagps“l'%caﬁm,gpq-—caaﬁ,g , DeUsgs = iCy3857C,

DQEQ = —% 0‘3H : ﬁda,g = % aﬁUdé +3°daa‘33+ia°dvaﬁ :




Lesson 2: Useful Inequivalence In 4D SUSY?

The Complex Linear Supermultiplet (CLS)

B = 3| |

= DOEI ) C& =
Um'z = ﬁaDazl 3

1
8. = §D°‘D6D02| ;

x|

D,
Uo

- —t
Q

Lows = — / 26855y = — iDﬂDoﬁ"’Ea{ HHY

= (OB)B — HE + U™U,, — i &3Cs + fp. + B,




Another Past I_.esson




§ = {¥*(2)T Va(2)}

V.= {¥(@)T(7.)a’" Yo(2)}

t = { TU2)T[(Ve , % ])a® To(2)}

A, = { T @)T(7*yu)a” o)}

P, ={¥*(2)T(75)a" Wo(2)}

L(currentx current) = ¢, S - § + ¢, V¥ .

+c,8-5




Lessons Possibility




PHYSICS

Long-Awaited Muon Measurement Boosts Evidence for New
Physics

Initial data from the Muon g-2 experiment have excited particle physicists searching for
undiscovered subatomic particles and forces




PARTICLE PHYSICS

Elementary Particle’s Unexpected Heft Stuns Physicists

A new analysis by the CDF collaboration is a bolt from the blue, finding that the W
boson is significantly heavier than suggested by previous measurements and
theoretical prediction

e it aWies ész-_aﬁi!_._i :




Queries For Future Possibilities

On 1D, N = 4 supersymmetric SYK-type models.
Part Il

S. James Gates, Jr., Yangrui Hu and S.-N. Hazel Mak
Brown Theoretical Physics Center,
Box S, 340 Brook Street, Barus Hall, Providence, RI 02912, U.S.A.
Department of Physics, Brown University,
Box 1843, 182 Hope Street, Barus & Holley, Providence, RI 02912, U.S.A.
E-mail: sylvester_gates@brown.edu, yangrui_hu@brown.edu,
sze_ning_mak@brown.edu

ABSTRACT: This paper is an extension of our last 1D, N' = 4 supersymmetric SYK pa-
per [1]. In this paper we introduced the complex linear supermultiplet (CLS), which is
“usefully inequivalent” to the chiral supermultiplet. We construct three types of models
based on the complex linear supermultiplet containing quartic interactions from modified
CLS kinetic term, quartic interactions from 3-pt vertices integrated over the whole super-
space, and 2(q — 1)-pt interactions generated via superpotentials respectively. A strong
evidence for the inevitability of dynamical bosons for 1D, N' =4 SYK is also presented.

KEYwoRrDSs: Extended Supersymmetry, Supersymmetric Effective Theories

ARXI1vV EPRINT: 2110.15562




Queries For Future Possibilities

LesicLsspT-B = /d20d25 [$A<I>A — EASX] +

{fd?@d?@[amfjéﬁéc] +h.c.} ,

cotskd s = (04Y4, + FAF, + (OB" )B~ - H*H; + U““UA
_BAQAB()F_BQ’() Q()QA()

—IAB—G—

W20 — iR — QUG - O Ul

> e )wgwca& _ 1Q,”*“‘C( )waCaB ¥ ﬂ“"pAQ ¥ ﬁ“ i

Sy pA'q(lB FEAC) — 2pAayBAC




Queries For Future Possibilities

LesicLs+apT-B = /d20d25 [EA@A - EAZX] +

{/dzem[;amfjé%c] +h.c.} ,

~A "ta .
~she KBCK °DE ,Ba ,c 7Pa—€
fen shell — ’l,fl Q’d) ﬂ) ’d)- 5 ..
CS+CLS+3PT-B 5AG A I &
+ Y
—Da —£

~A e Ba ,1.C
=EABC'€.ZD£¢ 'l»ba":[) w(.l + -

—~ A_’\ —D
4K Bcli gBDAcA




Queries For Future Possibilities

LesicLs4apT-B = /d20d25 [$A<I>A - EASE] +

{/d29d29 @BQC] +h.c.} ,

LSPT—A — /d20d2§ ICABchQB@C + h.c.

= %K,AB(;DQDQE'SE.-G [$A<I’B¢I>C ]l + h.c.




Queries For Future Possibilities

LS OIS 43PT-A4301-5 = = Q&4 + F/F, + (DB )B i~ HAH t UMUA
-BAQXB( )P -BQ;B() —Q()QA()

/AB—a

A - iR — QUG - @0

1 1 -/,

- 5 QR WD 5O B bBs + Fug, + B
{n o [(DA VABAC + 2(i0°6% 0B AC

+ AP AC + F"«p%“] f he }

{nm[ CBYARL + Q7 (A) AT — 0T (0 AB)AC
+ 30 0e) ABACTTG, - RN - B (A
_0fRyBA 4 AR 4 H"wﬂﬂng] n h.c.} |

£‘c’zns+b(}:lilé+3m A43PT-B = - K B K ype Y ’l’cw ’l’ + RABC E:mg s ‘M’ d’ t




Queries For Future Possibilities

LeS4CLS4nCLS-A = /d29d2§ { EA@A - EIZE + [@A'PA(E) -+ h.C.]} .

—(1

LocLs-a = [QAPA(E)] + h.c. .

PA(E) Z n(t) H EBk ’

k 1




Queries For Future Possibilities

cofse o o =(0A%A, + FAF, + (QBY)B; — HAH; + USUA
— BAQ(A)F® — B O, (AF® — 2*(4)Q44)
— iyl aa&aA& - i(f o" &Z;(;J - QU — Q_ZIEBW;Z i
— QA B g — 5 QA BB + 50 + Tk
[FA[3 P15 6 (B + Pl (£)05(3)]
v [ § Pl 5, (BT — Pl (B
+ P58 Q5(@) + Plg(R)Q e
At P s s (D)PPpB T + 1py o o (R HBC S
— Pl g, (D) (10°4 B8 — UBed) T
— P55 (®) (0°0B5 —UBed) (0, B% — U)
— Plea BT + 3Pl 55, (D)PpB QR (E)
+ Prgs(DHIQE(E) — Plg 5 (D)o @B c(B)yce
+ P () (3 QFepvteul + QBicFe) |

? A =B & Boa
- 5805 (A PAglgz(z)C ) P + hC}

(i6,,B% - U%)




Queries For Future Possibilities

LeS4CLS4nCLS-A = /d29d2§ { EA@A - EIZE + [@A'PA(E) -+ h.C.]} .

—(1

LocLs-a = [QAPA(E)] + h.c. .

PuX) = Z K. 5 ]j »Bs
k=1

on-shell A ) B B, 1502 Y QA 5
Lesicrsiaos-a = =K 5k O GO G T 4k gk WC TE 4




Queries For Future Possibilities

Important Physics Question:

We have presented an argument that the two different
spin 0-1/2 supermultiplets (CS vs. CLS), while equivalent

as free field theories, are usefully inequivalent when
higher current x current operators are included.

The conventional way of represented Dirac fermions in
the presence of SUSY (via CS pairs) seems to rule out
products of V-A fermion currents in effective actions.




Queries For Future Possibilities

Important Physics Question:

We have presented an argument that the two different
spin 0-1/2 supermultiplets (CS vs. CLS), while equivalent
As free field theories, are usefully inequivalent when
higher current x current operators are included.

The representation of Dirac fermions in the presence of
SUSY (via CS-CLS pairs) seems to allow products of V-A
fermion currents in effective actions.




Queries For Future Possibilities

Important Physics Question:

In the presence of right-left symmetry, in all
other ways, does the CS-CLS description give

a usefully inequivalent theory realizing the
breaking of this symmetry in an important
way?
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