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m . = (is not acceptable
e P

m, = 0 spoils all chemistry and biology. You cannot exist.

However, is there a fundamental reason against a massless electron?

'Festina Lente bound’ gives a hint



Festina lente symbol has been widely used in Europe since middle ages
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Festing Lente

My army, march
Festina Lente!

- Festina lente (Classical Latin: [fes'tii.na: ‘len.tel]) is a
classical adage meaning “make haste slowly”
-wikipedia

‘ot &5 S07IEl” in Korean
‘o < DEIF” in Japanese

- If tasks are rushed too quickly then mistakes are made, and
good long-term results are not achieved.
“move quickly but not too quickly!”

- It was adopted as a motto by the emperor Augustus.


https://en.wikipedia.org/wiki/Help:IPA/Latin
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Festina Lente: EFT Constraints from Charged Black Hole Evaporation in de Sitter

Montero, Riet, Venken 1910.01648

In the Swampland philosophy of constraining EFTs from black hole
mechanics we study charged black hole evaporation in de Sitter
space. We establish how the black hole mass and charge change over
time due to both Hawking radiation and Schwinger pair production as
a function of the masses and charges of the elementary particles in the
theory. We find a lower bound on the mass of charged particles by
demanding that large charged black holes evaporate back to
empty de Sitter space, in accordance with the thermal picture of the
de Sitter static patch.... All in all, charged black holes in de Sitter

should make haste to evaporate, but they should not rush it.
A

FeStina Lente



//Review//
Charged BH i dS space

Reissner-Nordstrom-de Sitter black holes (-, +,+, +)

. BH solution in asymptotically dS space A, = fiz > 0 with a gauged U(1) field
dS
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: - g gH [
. 2GM. G(gQ,)> r* .. Tmeeess R -
. Lapse function: U(r) =1 - + ——— with r € (0,Z4)
r Arr? £

- Event horizon sets at U(r) =0 (cf) Schwarzschild limit £, > 00,0, - 0



2GM, . G(gQ,)* r?

r 47ZI”2 fgs (o @ Untitled-1 100% v

inisl:= dd = Discriminant[x*4 -xA2+2Mx - QA2, x]

Solving o=vm =1-

oursl= 16 M2 - 432 M* - 16 Q% + 576 M? Q2 - 128 Q* - 256 Q°

VG(g0,) 1y~ GM,

V 471'de , fc%s

Setting 0 =

’ de =1 inigl:= dd /16 // Expand

ougl= M> - 27M* - Q% + 36 M2 Q%2 -8Q* - 16Q°

* 0=—rU(r)=r*—r*+2Mr - Q? ‘ et
+ discriminant for quartic eq.
A =M*—Q*—2TM* + 36M*Q* — 80" — 16Q°
A real solution exists when
A >0
- A = 0 defines the

boundary of the physical
domain in (O, M) plane.



_ VG0
Phase diagram of RN-dS bh VL

'Shark fin' (f 1)

« Qutside of the shark fin is
unphysical (super-extremal
or naked singularity appears)

v Extremal branch ~
AdS, x S?

Ch. Nariai
((152 X 52)
"= Cas

v Nariai branch ~ ds, x $?

v Schwarzschild-dS
branch alOng Q:O Schwarzschild-dS (L.o> M




(EX) Radiating a charged particle with (gq,m)
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(EX) Evaporation

Q

V2 1 ,
3v3 V12 g

Ch. Nariai
(dSQ X SQ>




(EX2) Evaporation with
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m = 0,q # 0)
V2 1 ,
(b7m), -
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by a massless charged particle




(EX3) Unphysical
evaporation with
m = 0,qg # 0)
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FL bound

1910.01648 & 2106.07650 @,

- BH decays fast but not |
too fast! LY

- To forbid the unphysical Dy
evolution of BH, there 5 (C1 e
should be a lower :
bound on the mass of a
charged patrticle. E



https://arxiv.org/abs/1910.01648
https://arxiv.org/abs/2106.07650

FL bound

1910.01648 & 2106.07650 Q)

* One can read the lower
bound on mass by
analyzing the flow of the
decay process

* The process should
remain inside the shark
fin region.



https://arxiv.org/abs/1910.01648
https://arxiv.org/abs/2106.07650

Schwinger process

M. Montero, C. Vafa, T. V. Riet, G. Venken JHEP10 (2021) 009

®* The decay of BH can be triggered by Schwinger
pair production in the near-horizon electric field (E)

° FSChWngCI‘ X eXp(_mz/qE) — eXp(_mz/gq\/‘_/) screening of the charge
with E ~ gM,H = g\/\_/ along Nariai branch +e

®* When I is sizable, the electric field is quickly
screened by Schwinger pair production. BH loses +e
its charge but not the mass therefore does not ®e
decay into the empty space. :-( —€

® By contrast, if m? > gF = qg\/\_/ is satisfied,

I" — O then all black holes slowly evaporate
towards empty de Sitter space in the usual 4o o 0—¢
fashion. :-)

=> [he FL bound.




FL bound: m”* > 8maq?V for any charged particle

* m : mass of a charged particle under unbroken U(1) gauge
symmetry

. o = e%/4r : fine-structure constant of the U(1)
Interaction

- ¢ : charge of the particle in unit charge g = Q/e
-V : scalar potential energy (or CC) of dS background



FL & EW symmetry breaking

- Within the SM, the lightest charged particle is the electron
m, = 0.511MeV, g = e for U(1),,,

A
. At current universe, V = —— = P,qc from cosmological measurement:
3G
A, = 87Gp,,. = 3(Hy)*Q, = 2.8 x 1071**M3 (Planck 2018)

Ve
V2

- 1 1/4
32rxaV 10~
==> (H) > ; ~ keV
Ve Ve

_ FL bound m; > 8xaV,and m, =

(H)

- This is consistent with the fact that we are in a broken phase (H) = 246 GeV.

* FL bound implies EW symmetry must be broken!



More on Higgs potential
S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv 2111.04010, JCAP 2022

Effective potential of the Higgs
with the RG running of 4, and
nigher order operators

A(h)
AZ7 T Al

V;,ff(h)=ADE+Th4+c—6h6+C—8h8+“-.

1 : the uniqgue EW vacuum

2” . inflection point V" =0=V"
2,2’ : 2nd dS vacuum at UV
3 :2nd AdS vacuum

Figure 1: Schematic shape of the Higgs potential.



More on Higgs potential
S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv2111.04010, JCAP 2022 V(h)

« Case 1 : the unique EW
vacuum.

 FL bound:
4

Gm, ~90 3 12
A, < ~ 107" M; T~

a

» cf) A% =2.8 x 1071%*M3

cC

(Plan Ck 201 8) | S Figure 1: Schematic shape of the Higgs potential.
consistent with FL bound




More on Higgs potential
S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv2111.04010, JCAP 2022 V(h)

« 3:AdS vacuum

=> FL bound is not applied.

We don’t exclude this possibility
here, but we are not in this
vacuum.

-Who (areS about ThiS (MoST
PRObqug) uMREQI (GSE? Figure 1: Schematic shape of the Higgs potential.




More on Higgs potential

S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv 2111.04010, JCAP 2022 V(h)

« 2”7 ~ inflection point at UV

¢ 2,2° ~2nd Vacuum at UV

m;  Yeugy/4 4 Aer(vuv) 4

zrélsllr\l/l 8may - 87TO£EM o 4 vov N ;
— )‘eff(’UUV) < yg ~ O (10—22> . L 2"’ ) 3
— 8mTagMm
Nearly degenerate vacuum Figure 1: Schematic shape of the Higgs potential.

(2°) is particularly interesting
where FL bound is consistent.



More on Higgs potential

at degenerate vacuum (2')
S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo

S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo

arXiv2111.04010, JCAP 2022 ho,vuv.N\uv(GeV)
_ Ah) 4 6,6, 8,8 107 — ho  Alhg) =0
Ver(h) = App + = ~h" + Sh% + Gh° 4 - v
. 10" F Aoy
at the degenerate vacuum
, 1013
Verrvyy) = 0 = Veg(vyy)
- Taking the RG running effect 10
bl(mt) . ’
Ah) = — (uncertainty a=0.1179 109 -
3272 171.5 172.0 172.5 1730

+ 0.0010) with respect to top mass
provides the relations to the
parameters hg, vy, Ayy-

==> By measuring the top quark mass, we will learn about the high scale behavior of the Higgs
potential



Applicability of FL bound

« Pseudo dS with slow-roll potential (meta stable) satisfying
a short lifetime of blackhole 73 < 75,ec 1S @ISO SUbJjeCt
to FL bound.

- ==>The nearly constant cosmological horizon .

M2 (V'\°
— | < 1 enables the
2 V

. Slow-roll parameter €y, =

inflation to take place.



Inflation

with additional fields

3
During inflation, V(¢) = —— 12 = 3M}2,HI, and we take m,(h) = y,h/2

SnG
yaht/4 -
. The FL bound leads > 3MPH1
Sna
06 1/4
AN ( yf “) /MLH, > 0(100)GeV

==> Higgs cannot stay at EW vacuum during inflation

S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv2111.04010, JCAP 2022



Inflation

small tensor-to-scalar ratio

2 Tht/4

. H?/M3 ~ %Asr and FL bound 2 > 3M}H? requests

o
small tensor-to-scalar ratio

<3x 107D 10~ 2107 ( Ve >4 h
I/’ —
~ Aryv AS 3 . 10_6 M;_I')

S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv2111.04010, JCAP 2022




» Requesting reheating temperature
high enough, we learn the lower
bound on

H? = 3M3p > 3M3pp ~ 3MGkT?

- FL bound set upper bound on H,
(potential cannot be too high)
4
m
e > HIQ
3Mp3 - 8nax

- ==> The window of consistency is
identified
yjh4/4

3Mp3 - 8z

> Hp > 3MpkT*

Inflation

H,(GeV)
10"6F r<0.036 (r <1073
108} ‘00““6
-4
10 allowed here
T
10 Treh < TEW
10724 / Tren <Tppn
10—34 ]
. : : ' h(GeV
1 10* 108 102 106 (GeV)

S.M.Lee, D.Y.Cheong, S.C.Hyun, SCP, M.-S.Seo
arXiv2111.04010



Dark gauged U(1),

- A dark matter is stable if it is the lightest charged particle under U(1);,
* FL bound forbids too light DM:

)~ 1073, ~ 1073V

1/4
1/4 A,
mp > (SnaDqZV ) = <8naDqlz)%> = (aDqDA

withap ~ a,qp =1
+ FL excludes FIMP at n1;;,,» ~ 1072V

. We can think of U(1)" then the corresponding FL bound mp > N"meV

K. Ban, D. Y. Cheong, H. Okada, H. Otsuka, J-C. Park, SCP, 2206.00890



Milli-charged particles (MCP)

1074
1076
= -8
Sl 10
=T
>
>
Il -10 N\
TR I N Y
o 10 MW Satellite Galaxies (Boson)
10—12

N\ AA\\\\Red Gianis |1
_1a RN N | | .
10 M Boson i F7‘7«,’_-’1r)ze — Gunn

T T (Fermi

10—18 / 10—8 100 \ 1012. '
(Boson DM) M V] (Fermion DM)
(Mass of MCP)

K. Ban, D. Y. Cheong, H. Okada, H. Otsuka, J-C Park, SCP, 2206.00890



Conclusion

- FL bound : All charged particles must be massive 17, > (8rag?V)1

v The electron should be heavy enough with EWSB

v (if exists,) The almost degenerate vacuum at high scale (y,v,;,)* > aﬂ(vh,-gh)v;‘igh
v Higgs cannot stay at the EW vacuum during inflation % > \/aMpH,/y,

v Tensor-to-scalar-ratio is small r ~ AZH? /M3 < m}/aM5,

v Dark U(1) is constrained by MCP searches

vIf U(1), protected, m,,, 2 107a}*eV thus Fuzzy DM is ruled out

v'You may find more interesting results..



Weak gravity conjecture

N. Arkani-Hamed, L. Motl, A. Nicolis and C. Vafa, JHEP 06, 060 (2007) [arXiv:hep-th/0601001].

e Gravity is the weakest force of all

°* m S \/5 g QM P fOl‘ d parthle A review (https:/inspirehep.net/files/16b1f684e1f68cocs4a88021e3d3f57d)



https://inspirehep.net/files/16b1f684e1f68c0c54a88021e3d3f57d

