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LStatus of Supersymmetry

Goodbye to Generic Supersymmetry

Q. SupersymmetryPubicRe Search for supersymmetry n i X | +

oFY cernch

Global Selections Show All Deselect All Show Latest 20

CM Energy 77Tev sty (RS ety

Gluino pair production Squark pair production Sbottom pair production Stop pair production Slepton pair production

SUSY particle

cearches Chargino/neutralino pair production Wimp pair with heavy flavour production RPV SUSY Long-lived massive particles

pMSSM GGM/GMSB NUHM Universal extra dimensions

Charged tracks

0 lepton 1 lepton 2 leptons 2 leptons (same charge) >=3 leptons
Signature

Taus Photons Higgs

0jets 1jet 2jets >=3jets All hadronic ciets brjets

MET

ISR Boosted MVA / machine learning High luminosity upgrade studies Statistical combination

Analysis characteristics

BSM reinterpretation

Min luminosity : o [ 1 Filter by minimum integrated luminosity

Date [Z)~ Filter by date:




LStatus of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM

— Best case scenario, generic SUSY has heavy masses
2 2
— Dpg ~ Mgygy/mz

(0+1)-lepton combination
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LStatus of Supersymmetry

Status of Generic SUSY
» Fine tunning of CMSSM

» Dark Matter of generic SUSY

— Simple thermal relics strained but not gone

Red: LUX(SI), Green: LUX(SD), Orange: (XENON1T), Yellow: (LZ)
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LStatus of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM

» Dark Matter of generic SUSY
— Simple thermal relics strained but not gone
— Stop coannihilation — dark matter but heavy
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LStatus of Supersymmetry

Status of Generic SUSY
» Fine tunning of CMSSM
» Dark Matter of generic SUSY
— Simple thermal relics strained but not gone

— Stop coannihilation — dark matter but heavy
Very difficult to detect
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L Status of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM
» Dark Matter of generic SUSY
— Simple thermal relics strained but not gone
— Stop coannihilation — dark matter but heavy
— Giluino Coannihilation — dark matter but heavy

tan B =3,A9 = 1.5 mg, mg =200 TeV, 1 > 0
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L Status of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM
» Dark Matter of generic SUSY
— Simple thermal relics strained but not gone
— Stop coannihilation — dark matter but heavy
— Giluino Coannihilation — dark matter but heavy
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LStatus of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM

» Dark Matter of generic SUSY

» Gauge coupling unification of generic SUSY
— Aslong as ¢ < 10% GeV couplings unify




LStatus of Supersymmetry

Status of Generic SUSY

» Fine tunning of CMSSM
» Dark Matter of generic SUSY
» Gauge coupling unification of generic SUSY
— Aslong as ¢ < 10% GeV couplings unify
— Complete models with low tuning are complicated

m, (TeV)

70 90

0 54 !
my, (TeV)
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LA New Handle on Naturalness

Dynamical Relaxation

-« - SRR " + Ve

» Two distinct contributions to Higgs mass

= .: All radiative corrections plus tree-level piece

— -: symmetry breaking field dependent Higgs mass
» m¢ = M? special dynamically

— Mpp > M? = (H) =0

— Mpp < M? — (H) #0

» Shift symmetry breaking — slowly relax back to minimum
— Rolling ¢ scans Higgs mass
» Higgs dependent potential to ' stop relaxion

— (Hy=0— Z&» =0 (H) #0— Z52 < 0
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LA New Handle on Naturalness

Dynamical Relaxation

metry breaking field dependent Higgs mass

» m¢ = M? special dynamically
— maé > M2 s (H) =0
— Mmpp < MP — (H) £ 0

» Shift symmetry breaking — slowly relax back to minimum
— Rolling ¢ scans Higgs mass
» Higgs dependent potential to | stop relaxion

— (Hy=0— Z&» =0 (H) #0— Z52 < 0
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LA New Handle on Naturalness

Dynamical Relaxation

metry breaking field dgpendent Higgs mass

» m¢ = M? special dynamically
— maé > M2 s (H) =0
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» Higgs dependent potential to | stop relaxion
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LA New Handle on Naturalness

Dynamical Relaxation

metry breaking field dgpendent Higgs mass

» m¢ = M? special dynamically
— maé > M2 s (H) =0
— Mmpp < MP — (H) £ 0

» Shift symmetry breaking — slowly relax back to minimum
— Rolling ¢ scans Higgs mass
» Higgs dependent potential to | stop relaxion

— (Hy=0— Z&» =0 (H) #0— Z52 < 0
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LThe Axion Relaxion

Simple Dynamical Relaxation Model

LD (=M? + mpe) |H? + 5(mgae)? + Nyop COS (%)

> LOW Scale theory: SM + aXion Graham, Kaplan, Rajendran

» Axion Nambu-Goldston boson of U(1)pq

— mpg small breaking of axion shift symmetry
— All breaking proportional to mg so technically natural

» Quark condensate further break U(1)pq

~£5 y(H)e'T (@uaa) + ¥ (H1)e "7 GaqL) = 2y (H)(@ugn) cos (% )

oA
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LThe Axion Relaxion

Insensitivity to Initial Conditions

» (H) sensitive to ¢’s approach to m? =0
— ¢ must stop with (—M? + gre)/M? < 1
— N*(H) = f2m? — relaxion must be moving slowly
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LThe Axion Relaxion

Insensitivity to Initial Conditions
» (H) sensitive to ¢’s approach to m? =0

— ¢ must stop with (—M? + grp)/M? < 1

— A*(H) = f2m2 — relaxion must be moving slowly
» Hubble friction makes approach to m% = 0 similar

— ¢ =~ Vierm (Independent of IC)
— Slow Vierm — (—M? + grg)/M? < 1

(¢ ~ M?/gg)




LThe Axion Relaxion

Strong CP Problem

» Instanton potential stops relaxion

W fos 2(H >>Wsm(f>+w0

» Relaxion stopping point

sin (f) ~ 1 — QQCD = ¢

» Neutron EDM constraints

~ 1

|

facp <1071



LThe Axion Relaxion

Relaxion Constraints
» Inflation dominates vacuum energy

— Inflation unaffected by relaxion

M?2
Ving > Vil = H; > Ve
» Relaxion classical rolls (At > H)

m2 f2

Hy < (gM?)'/3 ~ ( :

™
f

1/3 W&

_ —5 (10° GeV

) =6 x 1075 (1056v)

» Upper bound on allowed radiative corrections to mf, < ME,
— facp ~ 1

m2eme /8 9
M<<";: P) ~107Gey [ 197 GeV

1/6
f )
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LThe Axion Relaxion

The Numbers

» Shift symmetry breaking parameter

m2f2
9~ mef

107 GeV>2 <109 Gev>

_ 1n-27
=10 GeV < v 7

» Super-Planckian relaxion excursion

M2 MAf M 4 f
¢~g ~me~ 10 GeV(107 GeV) <1o9 GeV)

T

» Many e-folds of inflation
2 4 8 2 8 2
S H* S M _ Mef 1M M f
~ g2 MR mAfAMB 107 GeV ) \10° GeV
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LNon-OCD Relaxion

Non-QCD Axion Model

» 6 ~ 1 non problem for other SU(N)a

SUN)g | SUR)w | U(1)y
N N 1 1
N° N 1 1
L N 2 1
L N 2 =7

» Couple additional fields to Higgs

£ mLL® + myNN° + yhLN® + yhtL°N + 32¢2 fé“"”e;w
T

» Relaxion effective theory
Vstop = <mN + Q|h|2) {NN°) cos (?)
mg f
» Higgs vev must be able to stop relaxion

— Coincidence of scales
RN £ 2 I (o ms <2y czs 212 9ac

1672 19/45




LTwo-FieId Relaxion Model

Two-Field Relaxion Mechanism

» Add additional shift symmetric particle

b= o+ afy o— o+ pf,

» Shift symmetry broken by mass and couplings
— my . lead to field evolution
— 04,0 cancels radiative corrections

1 1 AH|? .
V= gimilft s yim. o+ (m— oo - gro + AL ) (W cos ()
» Correction to stopping potential canceled by amplitudon
— Cancellation allows ¢ to roll until EWSB
— Cancellation realized dynamically

9,0 ~ My — gp®
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LTwo-FieId Relaxion Model

Phase |: o Rolls
> 1.orolls ¢is stuck

_1 2,0, 1 2 2 A2 c f
V= S1ms 26 + ImoPo® + | (my = gs6 — oo + 5, IHI?) cos (

> ¢ trapped

/\3
Imsf?¢ < T: |A(¢, 0,0)|

» o slow rolls

WVy. o
do

~ |m,|?o

Espinosa, Grojeah,PanicoiPomard Pujélas, Berad® O QA &
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LTwo-FieId Relaxion Model

Phases Il: ¢ and o Track Each Other

~ EEEEEEE)

_1 2,0, 1 2 2 A2 c f
V= S1ms 26 + ImoPo® + | (my = gs6 — oo + 5, IHI?) cos ( 7

> ¢rolls

/\3
Imy|?¢ 2 ?“ |A(¢,0,0)]|

» ¢ tracks o

gs do gr do

V2dt Sz dt

Espinosa, Grojeah,PanicoiPomard Pujélas, Berad® O QA &
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LTwo-FieId Relaxion Model

Phases lll, IV: EWSB — ¢ Trapped
> Ill. Higgs mass becomes negative > IV. s trapped

1 2.2, 1 2 2 (12 c ¢
V_§|m¢| fo3 +§|mo\ o° + (mN—g¢¢—gJa+W|H| ) (NN°) cos g

» A grows with v

é?fi ~ é?f@f?ff >0
ot = ov ot

» ¢ trapped again

/\3
Imy|?¢ < Tf\A(w, v)|

Espinosa, Grojeah,PanicoiPomardk Pujelas, Berddm: ) QA &
23/45



LSupersymmetrizing the Relaxion

Supersymmetric Two-Field Relaxation

» Shift symmetric Kahler potential
— Im(S, T) have shift symmetry

K> (S+ SN +(T+ThH..

» Rolling/stopping from shift symmetry breaking in superpotential

W= 5282+ %72 + (mw+igsS+igrT + g HuHa) NN

» SUSY breaking generates relaxion dependent Higgs soft masses

. S+ S")
FSZ Ims¢ — /d4 ( M2 |Hu,d‘2 = M*Z |Hud|

» Instanton potential from gauge kinetic function (Axion)

¢ Gap,u Ga

S
2
32ﬂ'f¢ % — / d9 CamTT(WaWa) + h.c.
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LSupersymmetrizing the Relaxion

Higgs Mass of SUSY Relaxion

» Generic Kahler generates relaxion dependent Higgs mass matrix

K> Z(S+S") [IHil +1Hol?] + C(S+ S")HuHa + h.c
» Relaxion dependent Higgs sector parameters

m,

R &2 m m ’
d:CUsdT H:HO_CMTd) B;L:C()Hid)—FC d)
» Det(M?) < 0 signifies EWSB

f2
Det(Mp) = (i, + |ul?) (i, + ul?) — 1B
» mo/f > o — Det(MZ) >0

2
n
2 2
(cu+ |c.| ) (cd+ |cul ) —lecgl~>0

» Det(M?) < 0 EWSB occurs

— forp~0andcycq < C3



LSupersymmetrizing the Relaxion

Constraint Summary
> (=108 rs=01 nn="1

rsusy = 1.

» Parameters

—Ms —mr
gs*Cfd) gT*CfU
fEf¢:fg I'TsEfT

s

_ M _ Msusy

= 7 I'susy 7

10° 100 107
msusy [GeV]
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LSupersymmetrizing the Relaxion

Constraint Summary

> C:10_8 f7'3:0.1 m=1 rsusy = 1.

» Barrier too small to stop ¢

2 2 A 3]
,_m Av©sin(28) Ay
Vi=oo+—am 70

» A changes too slowly with v

=
(0]
S

9A  0Adv

ot — ov ot
100 107

msusy [GeV]
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LSupersymmetrizing the Relaxion

Constraint Summary

n = 1074

I'susy = 1074.

» Parameters

_ .Ims _.mr
stCT QT*CfU
mr

f=f="1, = —
@ Irs ms
n=—

10°

f
M. = msusy ,
106
msysy [GeV]
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LSupersymmetrizing the Relaxion

Constraint Summary

> C = 10_8 I'ts = 0.1 n = 10_4 Isysy = 10_4.

» Quantum spread of o

g
ﬁ/>H’

10°

106
msusy [GeV]
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LSupersymmetrizing the Relaxion

Constraint Summary

f/\:1 rSUSYI1.

» Parameters

10°

f

M. = msusy ,
10° 107 105 10° 10"
msusy [GeV]
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LSupersymmetrizing the Relaxion

The Numbers
» Shift symmetry breaking parameter

V4
mN

10° GeV

)2 (105 Gev>
Msysy

5 ~3x 107° Gev (
femsusy

» Sub-Planckian relaxion excursion

f
Ad > de ~ 10" GeV x (

Msusy ) fy 107° GeV
105 GeV 105 GeV ms
» Many e-folds of inflation
2
N, ~ HIA? — 102 x (.
g “ T

2 7107* Gev\?
100 GeV
» Inflation scale still very low

Hi < (mmsysyfy)'/® ~ v (é)v = 33 GeV (109 Gev) ® )

DA
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LLow»ScaIe Inflation and Detecting It

Low-Scale Inflation

ME (Vy)? 2 Voo
‘=% <v> n=Mp=y

» Difficulties of low scale inflation
H 2
=86x107% ( ——
e=8.6x10 <1GeV)

» For low-scale inflation we know 7
ns—1=2n—6e~ 2y~ —0.03 n~-15x1072

» D-term inflation can realize these unusual parameters
— Small € realized through small gauge coupling
— g < 1 is technically natural

«O0>» «F» «E>» «E» E|l= QX



LLow»ScaIe Inflation and Detecting It

Slow-Roll Parameters and Low-Scale Inflation

» Power Spectrum Determines first derivative of potential
1 H? dv(r 3 1
—E © el
P CMB R
» Spectral index determines second derivative of potential
a?V(r) 3

Ar

ns—1~2p = —Z(1 — ng)H?
ar? lews 2 )
» Number of e-folds determines field value
N, AV — Ar=—"2"H
CMB Mp\/2>6 T A;z/g
» 1 =1 end inflation gives second derivative
d? V() 2
= H «O>» < P CEP» CE» E|=
gz | =3 s




LLow»ScaIe Inflation and Detecting It

Generalities of Low-Scale Inflation

» Energy of Low scale inflation much larger than slopes
1/2
V1/4 ~ H1/2M1/2 _d2 V(T) / ~ dV(T) 173 — H
& dr2 dar

» Potential derivatives give estimate of field movement
— Some possible exceptions (See Ryuji Daido Poster)

a? V(r) 2 2042
g |, (A7) = 3H*Mp — AT = Mp
» Inflaton mass not expected change Hugely
— Model below get a factor of 100 larger

m, ~H

» Mass of “inflaton" much smaller than vev,

> AF P CE>» (> E|l= LA



LLow»ScaIe Inflation and Detecting It

Reheating After Inflation

» Generic couplings to 7 must be small (kinematically forbidden)
—L D MPITPleP + Ay = A<l
» Generic reheat temperature quite small
2
o

—m,

8

—

H \*2/ A
Tr ~ 0.4 MeV (1 GeV) 10_13
» Inflaton needs to be neutral to keep potential flat
— Must couple to gauge singlet

3 1/2
T = m: m.
» Higgs portal offers renormalizable operators

£ (7l = 8) IHP

«O0>» «F» «E>» «E» E|l= QX
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LLow»ScaIe Inflation and Detecting It

Detection: Ship Experiment
» SHiP is a beam Dump experiment

— 400 GeV/c proton beam incident on target

— Center of mass energy of 27 GeV
» Detector displaced from collisions

— Only long-lived particles decay in detector
» Meson production: B,K

— More kaons but screened so less important
Nk =8 x 10"

Ng=7x10"

Tracker
Spectrometer
Particle ID

Emulsion
Active detector
Target and

muon shield
hadron abs

a
it
it

DA
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LLow»ScaIe Inflation and Detecting It

Higgs Portal Detection at SHiP

» Couple “inflaton”, = = S, to SM gauge singlet operator
VoA (m? - Tg) IH? — tan(20) =

AToV

ms -
V> g*Trff

» ‘“Inflaton” produced from B meson decays
Lo 3V2Gem2V,

|mf — mZ|
» “Inflaton” low-energy couplings proportional to Higgs couplings

g~ = sind

- _ 1 (m2 — m2)? 2
T s Vio %g* 78 bgt+hec. — T(B— Xs+7) = B—ﬂ_( b 3 ) ’ h-p ‘
= b
«O>» «F>»r « =

!
v



LLow»ScaIe Inflation and Detecting It

Higgs Portal Detection at SHiP

» Couple “inflaton”, - = S, to SM gauge singlet operator

ATV
VoA (m? - Tg) IH? — tan(20) = |m27—70m2|
h [

» “Inflaton” low-energy couplings proportional to Higgs couplings
V> g*%ﬁf g. =siné

» ‘“Inflaton” produced from B meson decays

2% _ 1 (m2 = 2 2
Lo MGV Ve Mg 15 bpthc. — [(B— Xetr) = 87“’% hes |
Al

3
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LLow»ScaIe Inflation and Detecting It

Decays of Inflaton
» Inflaton decay width proportional to Higgs

r-(m;)

= gfrh(mT)

SHiP Collaboration

«O>» «F»r «
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LLow»ScaIe Inflation and Detecting It

Decays of Inflaton

» Inflaton decay modes proportional to Higgs

rT(mT) = gfrh(mT)
» Inflaton lifetime can be quite long

2
e e 32 (0‘02) <5or1r\]4ev)
= &M T<1— f) crr ~50mx{ 9 g

Mr =) =gz m2 5% 1075\? /250 MeV
g* mT

«O0>» «F>» «EF» «Z» Z|l= HQA>
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LLow»ScaIe Inflation and Detecting It

Decays of Inflaton

» Inflaton decay modes proportional to Higgs

rT(mT) = gfrh(mT)
» Inflaton lifetime can be quite long

o2 0.02\\? /50 MeV
»_ gimm. (. 4m; N O« m.
Mr— )= B2 (1 e cr- ~ 50 mx 5 % 10-5\2 /250 MeV
g* mT
» Number of decays in detector from lifetime

/ I+ Al
Nget ~ BR(B — Xs+7)Np {exp <_’yﬁCTT> — exp <_7ﬁ077>]

«O0>» «F» «E>» «E» E|l= QX




LLow»ScaIe Inflation and Detecting It

Constraints on Higgs Portal
» SHIiP can detect light inflaton with small mixing

107

10°
ms [GeV]

SHiP Collaboration

«O>» «F»r «

oA
39/45



LLow»ScaIe Inflation and Detecting It

D-term Inflation

» D-term with Fl term

. 9° 2
Vp = > [l¢+] — lo-| — €]
» Inflaton couples directly to U(1) charged particles
W = I{T¢+¢,

» (¢+) = 0 during inflation

K T| > /g%

» Potential perfectly flat at tree level

«O0>» «F» «E>» «E» E|l= QX



LLow Scale Inflation and Detecting It

Coleman-Weinberg Potential
» During inflation ¢4+ massive

— integrating ¢+ generates potential for T
» Potential to one-loop for | T| > \/g2

QZ

_ g < T
= 5 <1 + 8.2 5 In [
» Slow roll parameters

1

2
)
€ = T6r2 News

» Number of e-folds possible for o

:MP

Nmax = 2% =38 x 1027 (
g
» For small g, e small enough

AY? =5x107° (NCMB

H (7.3><10_
40 107 GeV




LLow»ScaIe Inflation and Detecting It

Ncus and the History of the Universe

» Ncus depends on expansion of universe after inflation

— Lower pren — decrease radiation domination
— Slower expansion during RD less e-folds needed

InH a

Present horizon scale

Lambda

» Instantaneous reheat/low-scale inflation

Liddle, Leach
Neye = 35+ 1 In ( il

+ lln » p:E/: = <
K] 1 GeV 3 100 GeV

DA
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LLow»ScaIe Inflation and Detecting It
The Spectral Tilt
» Reduced Ngyp puts ngin 1 — o lines

— Spectral tilt

ns — 1 :277:—0.026( 39 )
Ncus

— Number of e-folds

Ncus

1 H,
35+§In(1 GCV)
10 100

1 p1/4
+ SIn| e
3 100 GeV

«O0>» «F P> « > «

10 107° 10 1072

10°

10
H, [GeV]

> El= 9DAC
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LLow»ScaIe Inflation and Detecting It

Reheating After Inflation

» Couple ¢, through dynamical sector to flat direction
AW = k4 RM_¢+ + HgRHqu + m,qFH_?

» V D |Fg|, gives trilinear couplings for inflaton
— R will cancel any vev of ¢ keeping everything light

AN ‘fﬁ M_(b+ + koHyHg + m,ql_?]z

» Reheat temperature can be large
— If reheat temperature low, Higgs portal relevant

106.75\"* /' (M_) 10°GeV\ '/ K K2
TR’153GGVX( 9 ) (1016Gev)( Mo, ) (10713> (1077)

«O0>» «F» «E>» «E» E|l= QX




LLow»ScaIe Inflation and Detecting It

Conclusions

» Many of the nice features of SUSY are now complicated
— Fine tuning is reemerging

— Well-tempered neutralinos are all but gone

Gauge coupling unification is till alive and kicking
— Need pertubative/sequestered solution to naturalness
» Cosmological relaxation — natural supersymmetry
— Does not necessarily affect unification

\4

v

Natural relaxation needs natural low-scale inflation

Slow-roll parameters give generic features of inflaton
— Inflaton of low-scale inflation is light
— Some field will have large vev

Low-scale inflation can be seen in low energy ¢ experiments
— D-term inflation gives a viable low-scale model =

= = DA
45/45



Inflaton as the Second Field

» The inflaton can play the roll of the amplitudon (T = 7 + io)

m m 2
wer=%5+75 1

Wins = /4.¢+ ¢

» D-term and relaxion have very different energies

Quadratic

Coleman-Weinberg




Shift Symmetry Breaking of Inflaton Sector
» Inflaton has relatively large shift symmetry breaking

W=kTo - r>1072
» Loop correction transmit shift symmetry breaking to K&hler

Ko b7

» SUGRA corrections to scalar potential generate mass for T
i 2
VD> eW|Fs|®+.

|x[? IFs\
— V>
1672 I |
» Kahler corrections give lower bound on mr

I<5|F3| Hmsusyf
mT277:7 «O>» «F»>» «E» « >
47 Mp 47 Mp

= DA

2/7



Constraint Summar

> <:1078 rrs = 0.1 m=1 rsusy = 1.

» Parameters

_Ms _ M
gs—Cf¢ QT—Cfd

— mT
% = f¢ =f, rs=—
S,

© AV _ Msysy
S n = N Isusy = —F

M. = msusy ,

10° 108 107
msusy [GeV]
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Constraint Summary

| 2 C:10714 rTS:0.1 f/\:1 rSUSY:1.

» Parameters

_Ms _ M
gs—qu5 QT—Cfd

— mr
% = f¢ =f, rs=—
S

z _ M _ Msusy
£ n= T I'sysy = f

M. = msusy ,

10° 100
msusy [GeV]
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Axion Parameter Space

» PQ breaking before inflation with F; = 10! GeV

F,=10""GeV
power
spectrum |}

restoration
of U(1)pq

<
non-Gaussianity

q:\c
c
i)
=1
3
=
£
o
c
=
=}
)
2
[S)
c
©
et
c
)
£
e
2
©
2
1S

10°  10® 10 10" 10" 10
Hubble scale during inflation H;; [GeV]

<« O » «F» KawasakiBakayama A
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String Formation: Two Sectors of U(1) Breaking
» Hidden sector breaking of U(1)

2 2
V= % <\¢>+|2 - g) + AT2|¢4 |2 + Cops + CTol D |Clv4 cos(8 + 6c)

» Superpotential connects phase of two sectors
VED ATor + A TM_2 > M\ T|?M_v, cos(h)

» Quantum fluctuations could still form strings (¢4 = v,€'®)

HS
2
= <1
(%) = Toremv2

» Quantum fluctuation at end of inflation

1 1
[54] My | K \T2 As ~% (1—ns
H<1><109TeV><( )( )( ) ( ) (
! 10-12 ) \1016 Gev /) \ 102

o=

2.1 x 109 vo3) '
«O0>» «F»r» «Z» «E»
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Why Dynamical D-Terms

» Field independent Fl terms hard to realize in SUGRA
» Field dependent gravity generated FI tend to be large

VE~ (¢¢) ~ Mp

» Dynamically generated Fl terms
— Dynamical scale can be arbitrary

VE~ (Be) ~ A

» Dynamical D-terms provide U(1) breaking during inflation
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