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One of the greatest Particle
Theorist of
his generation worldwide

Many very important contributions:

String theory compactifications: Effective action,
Orbifolds,Wilson Lines, CY’s,

Dualities: T- and S-dualities, antisymmetric fields,...
Cosmology: moduli problem, Kahler inflation, brane world:
D-brane models: Orientifolds, Branes at singularities,...

Moduli fixing: Fluxes, Large volume...
Cosmological Constant: D=6 KK,

Phenomenology at LHC, SUSY soft terms and more...
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Many fruitful collaborations over the years !!
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CERN, 1986

Our first paper together...

Volume 187, number 1,2 PHYSICSLETTERS B 19 March 1987

ORBIFOLDS AND WILSON LINES

L.E. IBANEZ, H.P. NILLES and F, QUEVEDO
CERN, CH- 1211 Geneva 23, Swurzeriand

Received 12 December | 986

We study the consequences of the presence of gauge background fields on the torus underlying orbifold compactification of the
heterotic strning. [t is pointed out that such Wilson lines provide us with a mechanism for controlling the sumber of charal matter
states both from twisted and untwisted sectors, as well as breaking the symmetry group. Starting from the Z orbifold, we can
copstruct a vanety of four-dimensional sinng models with three famalies of quarks and leptons and different gauge groups such as
U(3)* SU(6) xU(1) or SU(5) x [SU(2)xU(1))%

First 3 generation orbifold
models constructed....
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CERN TH-Division Circa 1987
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Strong-weak coupling duality

and non-perturbative effects in string theory S D U ALITY

A. Font *, L.E. Ibdfiez °, D. Liist "and F. Quevedo ©
* Departamento de Fistca, Univernita Central de Venezuela, Aptdo 20513, Caracas 1020-A. Venezuela
» CERN. CH-1211 Geneva 23. Swutzerland

Theoretical Diviston LANL, Los Alamos, NM 87545, USA

Recerved 13 July 1990

We conpecture the existence of a new discrete symmetry of the modular type relating weak and strong coupling i stning theory.
The existence of this symmetey would strongly constrain the non-perturbative behaviour 1a siring partition functions and intro-
duces the notion of a maxumal (minimal ) coupling cons™
expectation value 15 dynamucally fixed to be of order on
modular symmetry itself ) 1s genencally spontancously b

D N T L I B

and non-perturbative effects in string theory

. Then 1t 1s natural to conjecture
A. Font *, L.E. Ibddez ®, D. Lis1 " and F. Quevedo

* Deparramaenso de Fovce, Usinernis Contral de Yenetwola, dpads 0911, Coracar 1020-A, Venezarle hcory. th one Wthh dt'SCI’ibCS S1-
© Theusemeat Do LANL. Lon Alamon XM 47545, US4 entary and solitonic states, should

symmetry of the type described in
‘e conjecture that the Montonen—
We comprctane the eumience of 8 new dncreie symmetry of ihe il (ype relating weak sad wasey cossiirg w snes teeer. ) the heterotic strings will lead to

Th¢ cuvicrce of thes yymaraetry would s100ag)s COMSAIN 1N Bon gerterbative behavioor m vineg parttacn fancions asd 1vs-
deces the soton of & mavmal (mwaemal ) cospling comtant. An effectvve lagrangaan anslyss suggests hat De dlos vacuwn  (C@ sym metrv as in cq ( 2 )'

Apectaton valee 1s dymamecally flacd o be of crder cor [n swpenymanetond IOt sinegs, supervymmetry (an well as An ..
:\‘(ul:-' vymmctry isel! ) 1s poaencally sposLaneously droken I’anglan Should bc expllc‘“y dual’
ippens with the R 1/R duality.

Modular invanance appears in a vancty of phys- 10 the exustence of the K, antisymmetne 1cnsor te Complele. FOf Sma" g (blg R)

Reocerved 13 Nly 199

cal problems [1]. These symmetnes involve an - which acts a3 a G-parameter. In more realistic sovdis

vanance ender the mversion of coupling coastants mensional compactifications (hike ¢.g. orbufolds ) the ;]nngs dO " me and the “dual"
along with the discrete translations of a “theta term™, same structure (coavemently gencralired) 15 alo )

The flest example of this type of symmsetry 1n field fosnd. This target-space modular invariance stroagly modes are very mas-
theoey was discovered by Cardy | 2] who showed that coastrains the form of the low-energy effective acton h " )
the phase structure of the abelan Higgs model on the as 2 function of the compactification msoduli [$]. It oppos" - hUS a duahly

p A “"‘“f“‘ e vt ";i‘.‘l“’ g S~ 1/81n the ettective four-dimensional field theory
with a dualty transformation for the dilaton hield gy, 14 oy 161 f the above arguments are correct. It fol-

(Type Il A strings, however, arc not selfdual bu _ . ' . _
“dual" 1o type I B strings [22.23]). Of course. ther¢ lows that inequivalent theories are characterized by

s at the moment no idea about how a ten-dimen SOUPliNg constants g smaller (larger) than some crit-
sional heterotic string could be obtamned from any 1cal value. [ The notion of a maximal (mimimal) cou-
cleven-dimensional extended structure, but that 1 pling could possibly be understood 1n the sense that
certainly an open possibility. If this was the case the coupling constant determines the “size” of the in-
dualitys ‘and § would be expected. ternal gauge group manifold which should not be
¢ are discussing includes an inVar ..o a)16r than the typical scale in string theory. | In

1ance ansformation of the string coupling - b T-duahty l h .
constant g—1/g. Montonen and Olive [24] conjec AN2IOBY with /-duahty, one also expects the contin-

tured some time ago that this type of duality invan UOUS Peccei-Quinn symmetry S—+S+14a, acR not to
ance does 1n fact occur in field theory models of the be completely broken but a discrete subgroup (aeR)
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One of the best human beings | have ever met....
D, fran? & gw&(bé

...... and a real “Caballero”....

“That is more difficult than getting
Fernando annoyed’ (E. Ibanez)
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Thank you Fernando !
Your friendship is a privilege!!

10
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Nima'’s argument for SUSY:

Poincaré in 4 dimensions:

Soin 0 1T 3/2, 2

T

Fermions and Gauge
bosons




Nima'’s argument for SUSY:

Soin 0, 10T 3/2,2

b

Gravity is there




Nima'’s argument for SUSY:

Sein {0) @211 3/2,02
/

Higgs found!!

00
A




Nima'’s argument for SUSY:

Sein {0) L1211 872 (2

il

SUSY must exist!!

14




Somewhat analogous:
Bosons:

Fatoe iy 4 el AT M

Higgs  Gravity

Vi et G0 DA @t Dt

Axions (Gauge Axions

15
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Somewhat analogous:
Bosons:

Fatoe iy 4 el AT M

Higgs  Gravity

e (e e R (L O P

Axions (Gauge Axions

16
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Somewhat analogous:
Bosons:

Fatoe iy 4 el AT M

Higgs  Gravity

Vg Wt st LR O R Ot e Ot
Axions (Gauge Axions
Usually ignored because it does not propagate but:

(Gives shift invariant masses to axions

=i d O

Contributes to c.c.:
17
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Somewhat analogous:
Bosons:

Fatoe iy 4 el AT M

Higgs  Gravity

Vg Wt st LR O R Ot e Ot
Axions (Gauge Axions

Usually ignored because it does not propagate but:

(Gives shift invariant masses to axions
L 8 Landscape
Contributes to c.C.: ——>» must exist !
28
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Summary

* The physics of Minkowski 3-forms
* Minkowski 3-forms in String Theory

* Applications:
String Inflation
Relaxion
TeV axions (750 GeV?)
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The physics of Minkowski 3-forms

Bosonic action of a 3-form field in 4d:

1
§ = — [ av T Fe

Egs. of motion: 4 — .
4 Fuvpoe = f(f/wm fo is constant

If embedded in string theory:  Bousso, Polchinski '00

Jo = ng , n€Z quantized in units of the membrane charge

20
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But 3-forms also couple to membranes:

OXH* oOXY oXP
Smem — / d3 6abc Cr , ( )
q Da § Hvp aéa 6{” agc

Af i g, when crossing the membrane wall

21
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.

Cosmological constant

Brown, Teitelboim "87
Bousso, Polchinski "00

V=> F -V

Large set of 4-form fluxes can cancel the c.c.

Life is slightly more complicated: charges q of 3-forms depend on

the compact volumes. Also 4-forms couple to axions.Need first to
understand moduli fixing (e.g. KKLT, LVS)

2003 2005

€,

22
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Coupling axions to 3-forms

L = —Ff + poFy + ...
1 \2
Egs. of Motion Vo = 5(9 + uo)

yield:
V(9)

Discrete gauge shift symmetry: \ \

O—= ¢ + oo, q— q— [Ldo

\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\\

vpo

Dualc 05
Ralopern, Sonto 05

n=1I() n | n 2
X
“1 l"‘ l'. l" 'v"
\ |‘ '| l’ J -

“'.' ".."l ,"'," l“‘ f

[t is a family (landscape) of

2n f

O

potentials parametrized by ¢, [l
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Coupling axions to 3-forms
L = —F; + uoFy + ... D e

1 : ! .
Egs. of Motion Vo = 5((1 + po)’ AXlOn 1s massive!

yield:
V(o)

n=\I() n =1 n=2
Discrete gauge shift symmetry: \ \ \/ / | /

O— ¢ + oo, q— q— o \

J
\ |I
‘I‘ ‘|| {"I

[t is a family (landscape) of
potentials parametrized by ¢, [
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One can formulate the same system in terms of a 2-form b wv

9
‘ L= .
L — —ff‘—-%qug-cmﬁ +... *dBy=d¢
('3 eatsBs and becomes massive
Luevedo, Tragenberger 96
Invariant under the gauge transformation: Q
By, - By+ Ay , C5— Cs+dA, "\

These gauge invariances protect potential
from uncontrolled corrections

/ - '
VO TL
5V =V,
0 ( ML, )
. .

25

C)n,

n—4
(V

5V—(n

miércoles, 11 de mayo de 16



Minkowski 3-forms in String Theory

Type I1TA OI‘iGIltifOldS' Grimm et al, Louis et al,Villadoro et al, DeWolf et al....

1
Spp = Z GyA*%10Gp+... , Sns =

- 8k2
10 JRYAXY 109 4.6,8.10

1
A2
4km JR13xY

G_.Zd)HS/\* 10H3

(Gauge invariant field strengths:

RR G,=dC, , — HsAC,_3+ Fe& NS Hs = dB,, F, = dC,_,

4-forms come from dimensionally reducing higher dimensional

RR and NS p-forms: F, :/F4 Awp_g + UQ‘ Wp

Minkowski 4-form Internal flux

26
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Fys from RR sector :
F():—m, F2=Zqz-w,;, F4=Ff+Zei(I)z-

Z Fiw + eodvols , Fs =) Fj@,, Fio= F}*dvolg

eo, €i, ¢, m RR quantized fluzes

H;s from NS sector :

h3
H; = Z’: H{ Aoy H, = z h; By hr NS quantized fluxes

; . wa N =67, a,B € {1.../1“‘1)}
AZE'ZO’I’LS . B;)_ — E b,jw,j N C:; = E céa'l /) "
‘ I /wa/\i‘b=(52. a,be {1...h""}
RR NS Y

/n',\-/\;’i" =0k, K, Le{l...h®Y4+1}
.
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(2h7; +2) Fys from RR sector : — 2#Kahier) Fis
F():—m, ngz:qz-w,;, F4=Ff+Ze,-GJ,-

Y‘ Fiw + eodvols , Fs =) Fj@,, Fio= F;*dvolg

eo, €i, ¢, m RR quantized fluzes

(hi; +1) Hjs from NS sector : (#c.5.) H}s

h3
H; = XI:H_i/\ af H, = E h; By hr NS quantized fluxes

. E, E wa AQT =47, v, Be{l...h"Y
AZI;ZOnS :B2 - b7w? ’ C3 — Céal [ O O { by }
NS | I /wm@-":a,‘;. abe {1...h""}

RR y

/n,\- ABl =6k, K, Le{l...h®Y 41}
.
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Bicleman, L. ., Valensuwela 15
Full scalar potential in terms of 4-forms+local terms:

k 0,2 ol ¥ 1 a b m|2 1 I r7J
V=JIF +2k%jgijF4F;+g§abjgabF4 Fy+k|Fy| +2?%:CIJH4H4 +Vioe

Sort of generalized KaloperSorbo structure: vi.-3 [ /=g

1 | " | w '
g Y = ;- (eo + e + §kijqubjbk - %kijkbzb]bk — hocz = hic)

, ¥ S 11 L
x  Fy = %(ej + kijkquk — Lkijkb]bk)

2
x4 Fy = 4kg®®(qy — mby)
*(leTn = —m
*4Hi —— hl

All axion dependence goes through 3-forms!!

=y
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Generalized shift symmetries

Axion shifts...
NS: b — b + m  pr.cg = ¢y + 0
m—m eo — eg + hing

q; — q; +n;m

k

> . J . .. ] g 1
e; —» €; — Kijrq’n ...compensated by flux shifts...

€0 —7 €0 — €Ty

trans formations leave all 4 — forms

immvartant for any ITA CY orientifold

Ver + Vg tnvariant

30
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4-tforms in Type IIB orientifolds

1 1 1 =
[ Ga N* G :
IIB 21‘%0 /Rl-3x}" 319 + S+ 3 3 Gy = F3 — 1SH;q

Allow for IASD fluxes and expand:

_ —90 —a
G7 — G4/\ () + G4/\Xa.: (1.21,..,]121

(ho1 + 1) complex 4 — forms : (#e.s.) Gs

GO = FY —iSHY, G* = F* —iSH" .

As many as complex structure scalars

31
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v0
T 4

~ a0 0 a, o
2 — GYG,Gy) — G, (S+ 5%

] v _,'(l a 7
V= S+ S ("' ( DsW avw (Zl(u D ”c.'\'n')
1 i
WGVW:/Gg/\Q /{,:/Q/\Q GaE:_;LXaAXb
X

Applying G4 eq. motion

Gy = eGP (DaWayw) N
Gy = e (S+S5) (DsWayw) = Fgugm—aux

4 — forms = sugra auxiliary fields of c. structure
IR |V — ¢+ K- ( (S + S*)DsW + go|* + K®®|D,W — g(',|2)

Bteteman, L. 9., Valensuela 15; 32
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Some lessons:

KI'

he flux-induced scalar potential of Type IlA and |IB can be written as

V = Y Zj(ReM,) FjF] +) Fi ©;(ImM,) + Vigcal(ReM,)

where all the dependence on axionic fields comes through couplings
to Minkowski 3-form fields.

Ecs. motion: *4Fj = 270’ (ReM,,ImM,)

Bleleman, L. 9., Valewsuela 15; V4—f0TmS - Z Zij F/;’Fi + Vlocal
]

Shift symmetries force potential axion dependence
only through 4-forms

A N=1sugra formulation where auxiliary fields are 4-
forms seems appropriate...not much studied....

Gates et al.'8|
Ovrut et al.'97
33 Louis etal.'l3
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4-torms from open strings

] 1
69D7S SDB[ :u70/ —(BQ+UF2)A*8(B2+UF2)+...

RL3xS, 2

4

4-forms come from dimensionally reducing the magnetic dual of
the brane gauge field: . — i, A Gy — iFy A wy

(G3 ISD fluxes induce a B-field: B =

gs0
(

5 (G™d — S(S)(.UQ + cc.

2

1 . -~ 2.9, Valeusuela 1;
Vi = prop |f = 5950((}' ¢ —5¢7) Warchesans, 2. 9., Vabewsucta 18

Bicleman, L. 9. . Valewsuela 15;

34
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Axion stability in string vacua

® Gauge invariance under shift symmetries force action to
depend only on 4-forms. Potential should admit an expansion
on 4-forms.

Only one 4-form: Kaloper-Sorbo structure. 0V = (Ff/M;)" = (VO/;'\--II‘})”

String Theory vacua a priori more complicated: 0V = Z(H.i(Ff)i')"’-

® 4-forms typically transform into each other under geometric
transformations. In this case the structure simplifies to

higher derivative sugra g, sowe. wesa is
Bicleman, L. 7. , Pedno Yalensuela , Weeck 16;

/ "
V = E cn V' } e.g DBl action, #erheans L7, Yalensucta 14;
T ‘n

\ n

35
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1) Application to large field inflation

Chaotic Inflation Linde 88

ik T b o

N, ~ < Ps > — trans — Planckian
2p M

Is there a consistent string embeding?

Scluenstein, Westptal 05

e Wliotern, Scluenstein, Westphal . .
Raloger, Sorbs OF Monodromy inflation

Manchesans, Sthin, Unanga . 14 36
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Required Structure of Scales:

1013 1014 1016 1018 1019
My H[ V1/4 Mp ¢>|<
< o o8
D =4 field theory ok
NEED:

1) Stable m;y < M, (m; < Hy if SUSY) : n problem
2) Large ¢. > M, possible

3) Corrections under control for ¢. > M,

All this is possible for string axions!!

37
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Simplest:
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Simplest: !

Vo = 5(q + o)’ Chaotic
n V fr
oV ~ \%4 oVl i~ Vo <04> < Vo
ph\ My,

Quadratic potential is probably ruled out by Planck+BICEP !

There are however in general flattening effects:  ¢.0n optar 08,

[ J [ e tlister, Silvenstein, Westphal
E.g.if inflaton is aD — brane modulus :

Lopr = —[1+aV(¢)|0,00"¢ — V(¢)

1

it ) Vgt s Tl (¢/)2n/(n—|—2) OK with
L9, Wanchesans Valewsuela Planck-BICEP!
Biecleman, L. 9. , Pedro Valensuela , Weeck 16, 39
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2) Cosmological Relaxation

V = V(ud) + (— M2 + p)|R[2 + AS(R) cos (?) |
Viug) = MM2¢ i ,u2¢2 + ... M-=cutoff

[Graham,Kaplan,Rajendran’ | 5]

/ Slow roll dictated by V (u¢)

— Higgs becomes massless

S

\ Higgs stopped by A(h)* cos (?) |

f

| ufM? ~ A*(h =)

A _15 (101°GeV'\ [ My \* |
B g = 10 18( 7 )(W) GeV  tiny!

40
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Additional COIlditiOIlS: [Graham,Kaplan,Rajendran’|5]

® Inflation lasts enough for axion to scan entire range of Higgs
masses:

A M? M \*

_gb Pl AL (—) . trans — Planckian
f fu My

® For the QCD barriers to form and the vacuum energy

dominated by inflaton rather than the relaxion:

M2
Y it e D N 2| 105 GleV/
p
® Enormous number of efolds:

HY L 105 107

NGZMQ_

41
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Consistency problems for relaxation

Hierarchy traded for a tiny value of

Technically natural due to axion ¢ shift symmetry

® Enormous trans-Planckian excursions of the axion:
Is the potential stable? A global shift symmetry not
Inmune to gravitational corrections.

e If it is gauged, a non-vanishing axion potential V(1)

explicitly breaks the gauge shift symmetry, which is
inconsistent. [Gupta,Komargodski,Perez,Ubaldi’ | 5]

Problems analogous to those of large field inflation:

Can one build a consistent monodromy-like

relaxiongnodel?
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A minimal 3-form relaxion model
L. 9.  Montero, Unhanga Valenguela , 15

(no string theory needed here)
, , , 2 -
Vo= Vsnu + Vks —nFy|H|" + Vieos

Vor = —m2|H2 + MH|?  Vig = F? — udFy

V = AH|* + (¢ + po)” + 2n(—=M? + ud) |[H|* + Veos

\ /

V(,ugb) relaxion — Higgs coupling

m2

Cut —of f : M2:2——q
Ui

43
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Features of relaxion monodromy

L. 9.  Montero, Unhanga Valenguela . 15
® Shift gauge symmetry is respected by the relaxion potential.

® Potential protected against Planck-supressed and loop
corrections:

ol i AN\
5V ~ Vq (ﬁ) ~ Vi (W) < Vi
® Scales: A2
Fy=nAf ; p~—E

gl e S A~ 10T eV
Anything to do with the c.c.?

44
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Constraints from nucleation

Bubbles with dif ferent fy

i C'an spotil relaxion slow roll?
Dnteman, De Lacia 50 Need tunneling rate P ~e P <« 1
B~ w(q) 73 '=9H T TH ©
H " = bubble radius

Need to know the membrane tension T. ...

Evaluate B using the ‘Weak Gravity Conjecture’
45
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Weak Gravity Conjecture

[Arkani-Hamed et al.'06

For an Abelian p — form with coupling g, there must exist

a p — dimensional charged object which is superextremal :

T Browa, Cottrell, Shia, Soler. 15
< Q Feidenreich, Reece, Rudelins 15
M _ gp Febecker, Rompineve, Westshal 15
p L.9. Monters, Unanga Valensuela 15
3-forms: gs = A ~2nfpu
T < 2nfuM,

i At FaM | (MPA>4
i H3 i M?
B>1 - M<\/M,A~ 10° GeV

We already knew from other considerations..not strong cons.
46 L. 9.  WMenteno, Unanga Yalewsuela
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Stronger constraints if one takes into account
that inflation lasts very long:

2
Nl & H—Q o T
L

Average number of bubbles produced:
Ny ~ Vol(R)e B ~ e3Ne=B)
For bubble nucleation not to spoil relaxation need

AS M3,
f

1
8
B> N. =+ M <w(g) ( ) ~ w(q) - 300 TeV

Essentially would rule out the generation of a large hierarchy....
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Relaxation within string theory?

String theory has many required ingredients:
Monodromic axions, Axion potentials from fluxes...

We need though:
1) Axion-Higgs couplings
Toy Model: 2) Right mass scales
® D5-brane wrapping 2-cycle in lIB orientifold:

e Relaxion: NS axion from By = ¢wo
® Gauge group (/(3) — U(2) x U(1)
e Higgs h from off-diagonal adjoint open string modulus

® 4-form: dual of gauge FQ
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L. 9. Wonters, Unanga Valewsuela

Vimis a0 it Vsligl (1—|—40‘ mQ\hP) (1—|—(q—,ugb)2) .

upon Higgs kinetic redefinition and including loop contribution

2

m
V = L + 4M*o? hl2 4+ M?*q — pod)?
(- s hE + Mg — o)

\

Axion-Higgs Coupling

Has relaxionic behavior

However: ' 4720/ JT A [_>

Dif ficult to reconcile with Ay ~ 107 %eV I
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3) TeV axions (7507)

g g Y
Boring \
interpretation: « T “
2 Y
Direct couplings.....
(X g (1 ; ~uy . Xy (1 —
0 79517‘)67/11/(” L EQY‘T‘]B/”/BI
® a string axrion??
..... from 7-100 TeV String Theory?
50
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b 1//cn c—/Rigm Type lIA Orientifolds
- L u@G)

a— Baryonig

| SM at intersecting
D6-branes

Sp(2),U(2) u(l), /

Fluxes———Hs = ) Hf', Cs = ) a5 /(')_aj/\ﬁi=5§

J

arions

ottt A A T AN TR vl NN e

V = of'lne— S hanl*, nohi € Z —pm?, = 0f*h}.

MEGAXION

Kaloper Sorbo structure 2.9, Wantin-Logans 15

51

miércoles, 11 de mayo de 16



Consistent with CMS/ATLAS
hints for e.g:

'—IA.Q=10 GOV

E T ,=1GeV

IR (e

=~ 30 GeV

:06 111 1111105 1 111;';:)‘ .l 10) 10+ g/y 1'7”% n. -‘4 ’5
Ko [ GeV'] Auchondogui et al 15

Additional

TeV-Scale Z' Bosons from D-branes {
signatures:
WAl

(g | ;:I
N D.M. Ghilencea®, L.E. Ibdnez”, N. Irges®, F. Quevedo®

y @ DAMTP, CMS, University of Cambridge,

e Wilberforce Road, Cambridge, CB3 0OWA, U.K.
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Conclusions

e 3-forms appear naturaly as new degrees of freedom in field theory:.
The field-strength is a 4-form which contributes to vacuum energy.

» 3-forms couple to membranes. Values of 4-forms change discretely
while going through a membrane in units of the membrane charge.

e 3-forms can couple to axions and can give them a mass while
mantaining the axion discrete shift symmetry. The scalar potential is
necesarily a power expansion in 4-forms. Makes the axion potential
stable.

 The field strength 4-forms appear naturally in String Theory from
reduction of RR and NS higher dimensional antisymmetric tensors.
The 4-forms are in bijection with internal fluxes and are quantized in
units of membrane charges.
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 The full NS and RR axion potential can be written in terms of 4-
forms that act as auxiliary fields. In SUSY compactifications the 4-
forms behave like SUSY auxiliary fields of Kahler and c.s. chiral

i ot ipsihd Voo
multiplets. g — €uupo FHve
* All axions in string theory are ‘monodromy axions’ with associated
3-forms. This makes the scalar potentials for axions stable even
upon trans-Planckian trips. And makes string axions to be promising
inflatons in large field.

* One can construct consistent ‘relaxion models’ involving 3-forms.
They address some of the problems, but avoiding too much
membrane nucleation makes the possible hierarchies not large.
Difficult to embed in string theory.

e Axions coupled to 3-forms can have TeV masses in models with
low string scale. The possible 750 GeV state could be such an axion
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Yhant gou !/

55

miércoles, 11 de mayo de 16



Thanks again!!
We are all looking forward to your next
seminal contributions !!
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Planck 2014, Ioanina
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