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Two approaches in BSM model building
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Too many possibilities, each with loose theoretical constraints, no clear
experimental input yet to select (apart from the neutrino masses) without
any doubt the right combination. It is relatively easy to evade experimental

bounds depending on how ambitious the model is.
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ll. Top-down

String Theory or Sugra
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Orbifolds, Calabi Yau, Orientifolds, etc
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Enormous number of possibilities, each very constrained but the resulting effective theories are far
from the SM. It is ridiculously easy to exclude them using experimental data.
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So what do we do?
One possibility is to just sit and wait and until the LHC data is out, or else do either SM
phenomenology or rigorous mathematical physics.
Another is to try to combine the two approaches in order to construct a simple enough, hopefully
viable extension of the Standard Model with new and interesting properties, however more constrained
than its generic counterpart.

How do we do that:

|. select a string

2. truncate away everything but the gauge sector (with one noteable exception)
3. choose a compact manifold

4. compute the four-dimensional effective action

5. adjust so that it is consistent at the quantum level (that is, take care of anomalies)

6. patch holes by introducing extra structure (discrete symmetries etc.)
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Reduction of N=1, E8 SYM on SU(3)/U(1)xU(l)

D. Kapetanakis and G. Zoupanos, Phys. Rept. C219 (1992)
P. Forgacs and N. S. Manton, Commun. Math. Phys. 72 (1992)

Consider a D-dimensional Yang-Mills-Dirac theory with
gauge group G defined on a manifold M*” compactified on

M*x S/R

1
A = / d%ddy\ﬁ—g[—zﬂ (FyunFra) g™ 8 gV + wrMDMw},

D=4+d, d=dimS-dimR.
S and R are Lie groups.
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® The CSDR scheme demands that an S-transformation of the extra d
coordinates is a gauge transformation of the fields that are defined on the
coset, thus a gauge invariant Lagrangian written on this space is independent
of the extra coordinates.

® The four-dimensional gauge group H is the centralizer of R in G.

® The extra dimensional components of the gauge field (which are scalars)
transform under R as a vector and since the adjoint of R can be embedded
in the adjoint of H, there will be ~; multiplets of 7

SOR adjS:ade—l—Zri

Go>H adiG = (adjR, 1)+ (1,adjH) + Y (r;,h;)

® |[f the |10-dimensional fermions are Majorana-Weyl then there will be
fermions in identical irreps with the scalars.

® There is a fixed scalar potential originating from the |10-dim kinetic term.
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Reduction of N'=1 Eg SYMon S/R=SU(3)/(U(1) x U(1))

The unbroken symmetry: H = Eg x U(1)a x U(1)5

Matter: Q; ~ 27(37%)

B~ 2734
Vi ~ 27(0,-1)
a~ 1
CENRICERY

Y 1(0,—1)

P. Manousselis and G. Zoupanos, |HEP 0203 (2002) 002
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The effective action can be written as a softly broken susy action

W(A', BY,C* A, B,C) = V/40d;;,A'BIC* + \/40ABC
1 1 1

— —_D*D*+ —D+D — D> D
Vb 21 + 51 1 T 5212
D = 73 (az(Ga)gO‘j + B8 (G*); B; + VZ(Ga)gW)

D, = \/?(ai(%g)aj +a(3)a + 5%—353)@ + E(—S)B)

40 -1 1
Dy = —(042(55:3)Oéj —|—a(—

3 2
‘/soft —
4R2 8\ 4R2 8 AR2 3\ AR2 g\ _
(R%R% ) R%)“ “r (RaRg ) R%) % +{ s~ 73) 70+ (g - RaW
4 R% 8\ . 4 R% 8 \_ [ ( Ry Ro R3 )
_ (9 - + /280 + + dijra’ B
+<R%R§ Rg)V Yt (R%Rg r2)77 RoRs | RiRs | Roky )0

R; R;
280 h.
+v/2 (R2R3+R1R3+R2R1>O‘M+ c]

o B (58008 + B3)8 + ' (~167)0; +7(-11

V =const. + Ve + Vp + Viost
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The Wilson flux breaking mechanism

M* x By > M*xB  B=By/F%"

Fo/R freely acting symmetry of

|. B becomes multiply connected

2. For every element g € FoE Ug = Pexp (Z / TGA%(QT)CZCEM> c H
v

g

3. If the contour is non-contractible then Ug 7£ 1  and then f(g(g;)) — Ugf(x)

(so, it is basically like a freely acting orbifold)

Wsz Weyl group of S
FS/R:Z;g C W, W =Wgs/Wg

WR :  Weyl group of R
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vz = diag(1l,wl,w?l) o = 27/3 ¢ 7,

Ay = VSA;WS_l

d; = W'Y3P;
i = wi@'
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1 1 4A"?
Vie = (3A2 + A,Q) <R_il + R_§> + Rél + Vsusy + Vot

e 3\@ (L |H) — (Ho|H))

D? — ? ((H|Hy) + (Ha|Has) — 2(Hy| Hy) — 2(0)%)
DA = %@\GA\HJ

(Hi|GAH;) = > HHGMHy,

i=1,2.3

(Hi|H) = Y HESYH,,
i=1,2,3
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9 T.W. Kephart and M.T.Vaughn, Ann. Phys. 145 (1983)

Atrick: Hq ~ (3, 1,3) — Ngé

HQ ™ (3737 1) — Lg

HS ™~ (17373) — MCZL?

<o L OL;
“ 3ONg
- 1 013
M =
P 30M;
.. 105
©  30Le

I3 = detN + detM + detL, — tr(NM L)
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then:

(Hi|H,) = tr(NTN)
(Hy|Hs) = tr(LTL)

(Hs|Hsz) = tr(MTM)

dope H*HSHS = detNT 4+ detMT + detL" — tr(NTMTLT)

Vi = 40tr(NTN + MM + LTL)

and the d-symbols have ‘disappeared’

finally, re-introduce 3 flavors by having 3 windings in R
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Supersymmetry and gauge symmetry breaking

K.S. Babu, X.-G. He and S. Pakvasa, Phys. Rev. D33 (1986)
J. Sayre, S.Wiesenfeld and S.Willenbrock, Phys. Rev. D73 (2006)

consider the vevs:

0 O 0 O 0 0 0
My’ =10 0 0 MP =0 0 o
0 0 V V 0 0

MY SUB)L x SUB)R x U(L)a x U(L)g — SU(2)L, x SU(2)g x U(1)

MP . SUB)L x SUB)r x UL)a x UL — SU(2)L x SU(2)% x U(1)

their combination gives:

SUB), x SUB)r xUL)axU(l)p — SU(2), xU(1)y
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electroweak symmetry breaking then proceeds by:

0
MY = 0
o

O O cC
S < O

do these vevs minimize V?

Vp, = 15(V? + 20v°)°

D
‘/vD2 — §(V2 —+ 2?}2 — 6’8)2
40
Ve = 51}2(2‘/2 + v2)

AR2 8 AR? 8 Ry Rs Rs
Viott = | gty — =g | (V24 202) + | gy — —5 | (65)% + 160v/3 Vo?
i (R%Ra R3)< *“”(R%fza Rg)“” s TR TR Y
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for RI=R2=R3,V=0 if

1
(6{M)? = Ve [5R2V2 +10R*0? + 9+ (—675VAR? — 3100V 202 R + 270V2R? — 29000* R*

+5400% R + 27 — 21600V3Vv? B%) 7|
for V=1 ad R~0O(1/2) — v~ O(0.1)

the representations involved are
(3:1,3) 3,172 — (3, L, 1+ 1+ 1)3.1/2) — u,d, g

(3737 1)(—3,1/2) — (37 2+ 1, 1)(—3,1/2) — Q, g

(1,3,3)(07_1) — (1,24+ 1,1+ 14 1)(07_1) — L.e, Ny, Ny, H,,H;
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the full spectrum:

SUB)exSUR2)r, | U(l)y | U(1)a | U(1)B
Q ~ (3,2) 1/6 —3 1/2
u -~ (3,1) —2/3 3 1/2
d~ (3,1) 1/3 3 1/2
L~ (1,2) —1/2 0 —:
e~ (1,1) 1 0 —
H, ~ (1,2) 1/2 0 —1
Hy ~ (1,2) —1/2 0 —1
g~ (3,1) —1/3 —3 1/2
g~ (3,1) 1/3 3 1/2
Ny~ (1,1) 0 0 —
Ny~ (1,1) 0 0 —

o) ~ (1,1) 0 0 —

Friday, July 15, 2011




|.Notice that U(1)4a = —9B

2. at least one of the U(1)’s is anomalous. One needs to add by hand (not really)
C. Coriano, N. Irges and E. Kiritsis, Nucl. Phys. B746 (2006)

1
Lst_wyz = 5(8MCL—|—MAM)2 I C]awFA ANFa+ Loy

3. the coset structure eventually breaks:

@(Ugg

4. the susy structure will also be violated and fermion masses and mixing can be generated

o\ ° __reM=\"? Q)+ \
e LH,N MNN
(%) (%) (%)
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Conclusions

|. we have constructed an extension of the SM that could originate from the heterotic string

Il. the 4D effective action can be written in softly broken form
(without any special susy breaking mechanism)

lll. the superpotential and the scalar potential are completely fixed

IV. there is no proton decay

V.the Froggatt-Nielsen mechanism is naturally relaized
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