Planck 2017 05/25

MINIMAL MIRROR
TWIN HIGGS

A
[

N
Frrrrrniers

KEISUKE HARIGAYA BERKELEY LAB

(UC BERKELEY, LBNL) &

BERKELEY

WITH
RICCARDO BARBIERI, LAWRENCE HALL

1609.05589, 1706 xxxx



MIRROR WORLD

Parity SM <=SM”
* Provide dark matter candidates

* Solve the hierarchy problem with uncolored new

state at low energy Lee and Yang (1956)
Kobrazev, Okun and Pomeranchuk (1966)
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MIRROR WORLD

Parity SM <=SM”
 Provide dark matter candidates

* Solve the hierarchy problem with uncolored new
state at low energy

Goldberg and Hall (1986)
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MIRROR WORLD

Parity SM <=SM”
* Provide dark matter candidates

* Solve the hierarchy problem with uncolored new

state at low energy (1win Higgs)
Chacko, Goh and Harnik (2006)

H+ H' =4 of SU4)— SU(3) via< H >#0




| WILL TALK ABOUT..

What 1s/Why MM'TH ?
Higgs signal
Dark matter phenomenology

Dark radiation



MINIMAL MIRROR
TWIN HIGGS



PROBLEMS OF
UNBROKEN MIRROR

* 'lToo small Higgs signal
* 'loo large dark radiation

* 'loo large self interaction ot DM



1.HIGGS SIGNAL

V(H,H'") = X(|H|* + [H'|* = M*)* + SA(IH|* + |H'")

SU(4) symmetric  explicit SU(4) breaking
/.2 symmetric
(top loop, EW D term, etc)

/
UV =7
1

s @ey = E(hSM + hgn)

factor of two smaller higgs signal



1.HIGGS SIGNAL

V(H,H'") = X(|H|* + [H'|* = M*)* + SA(IH|* + |H'")

/
AV = Am? |H?| * U S
suppressed mixing
f | O Inv? | & lf
B R N2 EER e

What 1s the origin ot the Z2 symmetry breaking?



2.DARK RADIATION




2.DARK RADIATION
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3.DARK MATTER

Assume dark matter from mirror matter asymmetry
explain Qbaryon Gt QDM
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V'iv
mirror neutron 1s unstable, mirror hydrogen dark matter



3.DARK MATTER

Selt interaction of mirror hydrogen 1s large,

o 100 1
— > 10cm?
MDM (Me )2 cm’/g

mp/



PROBLEMS OF
Z2-SYMMETRIC CASE

* Too small Higgs signal
* 'loo large dark radiation

* 'loo large self interaction ot DM

All of them can be solved by Yy # Ys

Minimal Mirror "Iwin Higgs



PROBLEMS OF
Z2-SYMMETRIC CASE

* loo small Higgs signal

* 'loo large dark radiation

Am%{/ < O

* 'loo large self interaction ot DM

Minimal Mirror "Iwin Higgs



PROBLEMS OF
Z2-SYMMETRIC CASE

* Too small Higgs signal

larger £° mass

* 'loo large dark radiation A
non-relativistic

* 'loo large self interaction ot DM

Minimal Mirror "I'win Higgs



PROBLEMS OF
Z2-SYMMETRIC CASE

* Too small Higgs signal
* 'Too large dark radiation larger £* mass

* 'loo large self interaction ot DM

Minimal Mirror "I'win Higgs



REALIZATION OF MMTH

Y ; Y| <O(1-10) % to avoid too large Amy
t

Whll@ yé)thers =>> Yothers
Natural framework 1n flavor hierarchy:
€ € 64
2
€ € > ¢€



REALIZATION OF MMTH

68 66 64
Yu Ny 66 64 €2 6/ e
]
. < Q> ;
Floggatt-Nielsen €= o P >FEL P >
Extra dimension e = e Moull 1 £ T/

Kaplan and Tait (2001)



EX: SU(5) MOTIVATED
FN MODEL

@R (4 00 0). d BN

68 66 64
AR B e
et fe il
Uit 1+ 515647
Yo ~ € (1+ de€?), Ot u.c : mixing effect

Yy ~ € (1 + 5ue4)



EX: SU(5) MOTIVATED
FN MODEL
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PHENOMENOLOGY

* Higgs signal
e Dark Matter
 Dark Radiation



HIGGS SIGNAL



REDUCTION OF PRODUCTION
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INVISIBLE DECAY




SIGNAL STRENGTH

0'5:I |/\'/_£'I_ """"""""" : Yt ~ 1 I 51564,
0.4| D : Yo ~ € (14 8c€%),
- 5=1 Yy ~ € (1 + 5u€4)

Or chosen to minimize inv.decay



DARK MATTER



DARK BARYON DM

dark matter 1s composed of u’, d’ and €’

/ / /
Buuu? uud? udd? ded? €
p/ n/

O a2 o 0. a=laed

Mirror matter asymmetry 1s stored in them
Relative abundance?



Mmasses

THERMAL EVOLUTION

Bl 'o'
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i the GG interaction decouples
i e.g. p+e on' +1/
B'udd i
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/ 5 npi/np2 x exp( 5 )
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masses
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BARYON DM

Around T < mya-

the recombination occurs
e.g. p+e — H'(1s) ++'

electron capture may occurs
H'(1s) - n' + 1/
om < My

0

mgy—mgy



DARK BARYON DM

SU(5) model |

mqy-m, | GeV
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MIRROR HELIUMOID
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MIRROR HELIUMOID
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gV (suppressed at

high velocity)

MIRROR HELIUMOID
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MIRROR HYDROGEN
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MIRROR NEUTRON




DARK RADIATION



DARK RADIATION




Td /| GeV

HIGGS EXCHANGE

Uncertainty 1n

Higgs exchange
from mirror QCD
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Ty ! GeV

KINETIC MIXING

0.5F

0.4

0.3]

Mairror electron
1S Important
for kinetic mixing

Mer < Mothers
al _6
mixing ~ 10

mirror atom DM
1s excluded
by direct detection



OTHER OPTION(S)

* SM-mirror Neutrino Mixing

Csaki, Kuttik and Lombardo(2017)

 Others?



SUMMARY

Twin Higgs solves the hierarchy problem and
provided dark matter candidates

Several problems are simultaneously solved in

MMTH

Rich dark matter phenomenology
Higgs signal 1s attected

Observable dark radiation
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EXTRA DIMENSIONAL MODEL
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RECOMBINASION
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