THE COMPLETE E8 x E8 LAGRANGIAN

FROM 496 SYMMETRIES TO OUR UNIVERSE — IN ONE ACTION

THE MASTER ACTION — 10D STRING FRAME

8§ = 1/2k?10 [d1ox V(-g) e-2f [# + 4(88)2 — %|Ha|2 — a’/4(tr|F1|2 + tr|Fz|2)]

+ [P Dap, + ATMDpA + o' /4 %2T"Dpx2] + (Yukawa + 4-fermi)

@ Gravity @ B-field @ VisibleE; ® HiddenE, @ Fermions 7 fields - 3 lines - entire universe

§1 THE 7 FUNDAMENTAL FIELDS 4

3 fermions = everything

10D Metric Kalb-Ramond 2-Form Dilaton EsxEg Gauge Field
Graviton - 35 DOF Antisymmetric tensor - 28 DOF String coupling - g_s = e*® - 1 DOF A Ma 496 generators - 496x8 DOF
- 4D graviton + moduli scalars - Axion (solves Strong CP) - Sets all coupling constants - All gauge bosons (g, W, Z, v)

Gravitino Dilatino Gauginos
M-W spinor-vector - 56 DOF A M-W spinor - 8 DOF Adjoint of EsxE, - 496x8 DOF
- quarks, leptons! (upon compactification)

§2 BOSONIC SECTOR §3 FERMIONIC SECTOR

EINSTEIN-HILBERT + DILATON

S_grav = 1/2k? [d°x V(-g) e 2 (# + 49,93"®)

& = Ricel scalar (gravity) - ® = dilaton - e = string tree-level prefactor

GRAVITINO + DILATINO + GAUGINO KINETICS

ImlMMNP Dy, gravitino
+ ATMDA dilatino
+ o' /4 {2M"Dyy? gaugino
KALB-RAMOND B-FIELD

8_B = -1/4k? [d*°x vV(-g) e-2f [Hs

KEY INTERACTION TERMS
% PmMNPQRy, HQR gravitino-torsion
= dBz - a'/4(ws¥" - ws') o’ /4 X2M"rNPyy, Fop

« Yukawa origin!
Modified field strength — mixes gauge + gravity -» anomaly cancellation

XTWF > upon compactification  all quark/lepton masses

SUSY TRANSFORMATIONS - 7 1-16 SUPERCHARGES
Es x Eg YANG-MILLS

S_YM = —a’/8k2? [ V(-g) e=2f (trF()2 + trF(2)2)

F = visible Eq (> SM forces) - F® = hidden E, ( shadow matter)
248 + 248 = 496 gauge bosons - sectors couple only through gravity

BOSONS - FERMIONS: 6g_MN = EF_(M y_N) 68 = %EA 6A_M = Er_M y

FERMIONS - BOSONS: 6y = De - 3Hre 6A = lade 6 = —%Fle

§4 ANOMALY CANCELLATION — WHY E; x Eg

THE BIANCHI IDENTITY UNIQUELY SELECTS E; x E;

dHs = a’/4 (tr ®A# — tr FAF)

Only EoxE, or SO(32) are anomaly-free in 10D

STANDARD EMBED 248 DECOMPOSITION

auge = w_spin = - Es x SU(3) 248 = (78,1) e (27,3) e (27,3) e (1,8)

(78, 1) E. gauge bosons - all forces (27,3)+(27,3) 3 gen quarks + leptons (1,8) Extra-dim curvature n_gen = %|x(CY)| - topology fixes 3 gen

§5 4D EFFECTIVE THEORY

KAHLER POTENTIAL SUPERPOTENTIAL GAUGE KINETIC FUNCTION

(8, 8) w(e) f_ab(®)

scalar kinetic terms + geometry particle masses + Yukawa couplings gauge couplings + B-angles

THE SCALAR POTENTIAL — SOURCE OF ALL SYMMETRY BREAKING
V = e~(K/M2) (%A1 D_iw D_IW - 3/M2 |W|2) + %(Re f)-1 DaDb

F-terms - GUT breaking: E¢->SO(10)>SU(5)>SM - D-terms - gauge invariance - ~3|W[* - cosmological constant problem

§6 COMPACTIFICATION & ROSETTA STONE

ML = 4% x A6

Calabl-Yau (Ricci-fiat, SU(3) holonormy) [XI/2 = 3 generations - h'' = moduli / inflatons - h2" = Yukawa couplings - T, = Wilson lines - SM

4* = our spacetime -

ROSETTA STONE — LAGRANGIAN © SYMMETRY BREAKING POSTER

LAGRANGIAN TERM WHAT IT PRODUCES © SYMMETRY BREAKING POSTER
tr F(02 visible Yang-Mills 78 gauge bosons > all SM forces B so(10)>sm M stanpARD MoDEL |
(27,3)e(27,3) from 248 3 families of quarks + leptons
V(x,w,f) scalar potential drives every symmetry breaking step - every ¥ arrow
XryF Yukawa coupling all particle masses upon compactification
tr F(2)2 hidden Yang-Mills mirror Eq - dark sector forces [ sHabow matTer ]

supercharges boson ¢ fermion pairing - LSP stability
(1,8) + g_MN curvature + metric extra-dim geometry + 4D gravity
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