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Heterotic side
E8 x E8 on elliptically fibered CY,
- Torus Tibered over base B,
E8 broken to (SU(EMXVID_X), ..
(SUUOXVD_X) 0 vector iwmi
freely acting Z, involution (preserving the
gavge symmetry) m (CY)) =2,
Wilson line wraps non-contractible cycle,
breaks SU(5),,,,, to SAM
Higgs data in semi-stable degeneration
limit 4P, U 4P, connected along elliptic fiber
- Defines the sEechai cover
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f theory Heterotic theory

I-fiber l,-fiber(a)
P,
) — CY3 fiber
P,
‘5"‘”1:“)31‘ !5"‘"‘1:!1)37‘0)}
x B )

CY, v.=cy,
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£ theory side
Build CY, = elliptic fiber over base B,
ey (R

1
BZ

Given by Tate form of Weierstrass function
oY =xX’+a; wXy+a,Zox’ +a,2°w°y+a, °w’X+a, 2’0’

c(b;) ={[w, X, ¥y]=[0,0,1]} first section
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£ theory side

Build CY, = elliptic fiber over base B,
B. — 1 with2sechions

1
BZ

Given by Tate form of Weierstrass function
oY =xX’+a; wXy+a,Zox’ +a,2°w°y+a, °w’X+a, 2’0’

c(b;) ={[w, X, ¥y]=[0,0,1]} first section
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' Tate form
w, Y, x= elliptic fiber (torus)
z=0 = S;,; = descriminant vanishes
z,a; functions on B,

Choose a.+a,+a,+a,+a,=0
r(b,) ={[w, x,y] =[1,2%,2°]} second section
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Tate form
w, Y, X= elliptic fiber (torus)
z=0 = S;,; = descriminant vanishes
z,a; functions on B,

Choose a.+a,+a,+a,+a,=0
r(b,) ={[w, %, Y] =[1,2°,2°]} second section

Eir=il == = Z

4] 2 3 5
C =a,+a,5+a,;5" +a,5 +a,5° —spectral cover

= (8 +85,5—8,5° —8,5° —a,5* )(1-5) 4+1split
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The Model

Heterotic — £ theory duvality
4 + I split SOV 0,
Z, treely acting on B, => S, = Enriques
SO x UMD, w/ Wilson line GUT breaKing
NO Vector-like exotics

Involution includes a translation by

& (b)) —7(b,)

R parity /' Z; symmetry
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The Model

Heterotic - £ theory dvality
4 + I split SOV 0,
Z, treely acting on B, => S, = Enriques
SO x UMD, w/Wilson line GUT breaking
NO Vector-like exotics

Involution includes a translation by

& (b)) —7(b,)
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U, dve to 4 + | spht
o =1, y =T R

C = (85" +855° —8,5° —a,(s +1)) (s -1) 4+1split

Intersection of 3 matter curves
= cubic coupling

10_ 5, 5, , 10_10_ 5 but NOT 10 _ 54 5
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Right-handed Nevtrinos
arXiv:2001.10047 (hep-th)

F—5 — 1—5 A+1O

B =0 ) .
> 5 5 5™ Dirac neutrino mass allowed

r> > A™ also allowed
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Right-handed Nevtrinos
arXiv:200(.10047 (hep-th)

F—S — 1—5 A+1O

5 g1 +2 - -
[ 5 w5~ Dirac neutrino mass allowed

r> > A™ also allowed

Under the Z, Involution, U (1), — Z, matter parity
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Relative Scales = Visible vs. Hidden sector
arXiv:2001.10047 (hep-th)

M, ~ M-Vol (Bs 5)

Squage ~ —M2 [ (Tr(F? )=, +Tr(F}) (=g, ) 5° (z,) d"x

R3,lxsi

Two SU(5) gauge groups in the Heterotic limit



Heterotic limit

=BY UBY® =P! xB, UPR' xB,
({a=o}xB,)U(P; xC)
~(jb=o}xB,)U(R %O

m =Vol(PY), i=a,b, vOl(C):Bj\q\2

0

B,
Sl
SZ

19



(m, +m,) Vol(B,)
Vol(B, )1+ Km,)

e (') MPI -

Visible sector ag (1) =24, M, (1) =3x10° GeV

a, (2) C1+Km M (2 1+ Km, )
as) 1+Km,’ A/' @ (1rKkm,

Twin sector, take M (2) =3.9x10° GeV, a,(2)™

1+ K
or TR _ 2.8
1+ Km,

C — i ———




Summary

Constructed Global SUL) £ theory
model with Wilson line breaKing

3 families and one pair of Higgs dovblets +
NO vector-like exotics !

U, and Z, symmehy

10, 1055 D e 55 T A
Complete twin sector

Different scales !
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Low Enerqy Theory

The Wilson line wraps the GUT surface
breaking SU(5) -) SAA gavge grouvp
Mepr= M ~ 1/ R?cycle

Non-local GUT breakKing —

Precise Gavge Covpling Unification
Complete twin world with scales

fixed by the size of the twin manifold
Twin matter - Dark Matter candidate ?

C — i ———
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Low Enerqgy Theory

3 Twin Tamilies and one pair of Higgs douvblets

e <Ha>=[vgé]

Agcor > Agep = heavier twin baryons

4

Vi, >V,
— heavier twin Dirac lepton and quark masses



Nevtrino Portal

Right-handed nevtrino masses
assuvme L, j=1, ., 3

Y, (AR M. N, N,

Identical in visible and twin sectors
with one global U(1), !



M;;N; + N;Y:.t.H, + N,Y.('. H’

L) ]

Similar o mirror world
An, Chen, Mohapatra € Zhang 09114463

4
M>v, >V,

We = —5 (V' H, + ('Y H) M~ (Y(H, + Y'('H,)

—> 3 massive and 3 massless nevtrinos



Radiative nevtrino masses
Dedes, Haber £ Rosiek 0707.3718

S, K=l, ..6) light snevtrinos and nevtralinos
(b} Higgs, qoldstino and heavy nevtrinos
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Phenomenology
Nevtrino masses and mixing angles in simplified analysis

Y=Y, Yo

e )

m,, m, > m, decoupling limit

/ ’ i 12
» tan g i (e =10 GeV+ ...
Normal Hierarchy
Am3, = (7.55 £0.20) x 107" eV, Ami, = (2.424 £0.030) x 107* eV,

$2,=0.324£0.02, 2, =05474£0.03, % =0.0216 £ 0.0083, dcp = 218 + 38 deg

lnverted Hierarchy
Ami, = (7.55 £0.20) x 107 eV, Am3i; = (—2.50 & 0.040) x 107 eV,

sty = 0.0220 £ 0.0076,  dcp = 281 & 27 deg
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Preliminary

108+
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m, eV
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10"
var /vy

1{}_93

my [eV]
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" |nvisible width of the Z is unchanged for SAA
" Nevtrinoless douvble beta decay bounds » 102° y
No problem

Preliminary
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Sterile Nevtrino Bounds
see Dentler et al. [803.1066]

v' Reactor experiments on v, disappearance

Dayaﬁay, NEOS place vpper bounds on ‘U e4|
DANSS reports an excess

All 3 consistent with Am’, 1.3 eV?, er4’ ~ 0.1

v Bounds on v disappearance
AINOS+, lceCube

< All data are inconsistent with U -}V,
L‘SZND awmaiy exciuded ai' 476

C — i ———



Dentler et al. 1803.1066]
Best fit point AmZ, =1.29eV?, sin” 4, = 0.0089

e —
t Reactor Oldfree = Old fixed
[ 95 % (2 dof) = 3L
| (s—-_—.——y_’
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s
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All free ——mmmge

All fixed
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B, oV}

Dentler et al. 1803.1066]
Best fit point AmZ, =1.29eV?, sin” 4, = 0.0089

t Reactor  Old free

Old fixed
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Cosmology

Heavier twin baryons and leptons
fM\assless twin photon

OPEN QUESTIONS

What is the relation between T° and T 22
Is there inflation, reheat temps, axion,
dark matter, baryogenesis, etc.

FOTURE wWORK
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Kinetic mixing suppressed

m m,

F_F'™*

u

(1677) M
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