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Based on Costa, Mishra, SV Phys. Rev. D 108 (2023) 3, 035041



Predictability away from thresholds

o(eTe” — hadrons)
glete™ = utu)

Keshavarzi, Nomura, Teubner, Phys. Rev. D 37 (2018) 114025
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Predictability away from thresholds
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See also Barbara Mele's talk

Dark Sector Standard Model



Dark Sector Standard Model

e —

SM Singlet operator
Loortal = OpsOsmr

Dark sector
Singlet operator



Dark Sector Standard Model

Liortal = .ODS OsMm

dim = [Osu] + (Ops) >4

See also:

[Contino, Max, Mishra ‘20,
[Darme, Ellis, You '20],
Cheng, Li, Salvioni 21]... ;




[Costa, Mishra, SV Phys. Rev. D 108 (2023) 3, 03a041],
[Conting, Max, Mishra JHEP 06 (2021) 127]
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[Costa, Mishra, SV Phys. Rev. D 108 (2023) 3, 03a041],
[Conting, Max, Mishra JHEP 06 (2021) 127]

Energy

_|___—_+>
AIR<< PDs <<Ayy

Lightest state Mediataor




Inclusive cross section
for DS production

o Z/d@Ds\(O\ODS\n)\Q — 9 Tmi{0|OpsOps|0)]



Inclusive cross section _

for D production | From scale invariance
Uptical Theorem

o Z/dchs\ (0|Ops|n)[* = 2 Tm]i(0|OpsOps|0)}

Depends on dimension of DS operator
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Approximate inclusive DS production cross section in @ model agnostic way when
well above threshold!

Inclusive cross section _

for D production | From scale invariance
Uptical Theorem

o Z/dchs\ (0|Ops|n)[* = 2 Tm]i(0|OpsOps|0)}

Depends on dimension of DS operator
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At neutrino experiments?

For bounds at other experiments, see Lontino, Max, Mishra "Z(0

Costa, Mishra, SV Phys. Rev. D 108 (2023) 3, 03504
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At neutrino experiments?

For bounds at other experiments, see Lontino, Max, Mishra 20
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Ennstraintsl? Costa, Mishra, SV Phys. Rev. D 108 (2023) 3. 035041
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Based on Bottaro, Contino, SV [To Appear]
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RG equation

da(p) _
dIn u

= B(a)

Creation of hierarchies

2 flavours, at |-loop

29

Blagep) = —5 O

2
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RG equation

da(p) _
dIn u

Creation of hierarchies

= B(a)

my, = Mp e

2 flavours, at |-loop

29

Blagep) = —5 O

—1/C agep(Mpy)

2
QCD
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Creation of hierarchies

RG equation 2 flavours, at |-loop
d o) 29
Tinpg B(o) Blagep) = —6—7TCYQCD(M)

—1/C M
my, = Mp; e /C agep(Mpy)

m,/Mp; ~ 10715 aocp(Mpy) ~ 1072

UV-coupling gets exponentially stretched to explain IR mass parameters
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Use strongly coupled theory for Dark Matter (OM) stability

From indirect detection bounds

TDOM > 10°% sec
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Use str_‘tgn‘g_l.y coupled theory for Dark Matter (DM) stability

From indirect detection bounds

TDOM > 10°% sec
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Use strﬁqn,g_lﬁy coupled theory for Dark Matter (DM) stability

« oAl e From indirect detection bounds
28
Torm = 1077 sec
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K M pag
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Y

D=6, mpy~10—100 TeV = PM _ 19=14 _ 1015

" Generate hierarchy by extending SM gauge group using (CD-like dark colour (DCJ: SU(N) DC X Gsm

TR ‘“‘“"“'i’ibz\v”



Use strﬁg‘ng_l‘y coupled theory for Dark Matter (DM) stability

From indirect detection bounds

TDOM > 10°% sec

2D—-T7
K M pag

2D—8
7T AUV

Y

mpa

D=6, mpy ~ 10—100 TeV = ~ 107" - 1071

Auv

EeneratE\Erarnhy by extending SM gauge group using (CD-like dark colour: SU( )DC X gSM

[Antlpm Redl Strumia, Vigiani Z01a], TMitridate, Redi, Smirnov, Strumia Z2017), [Contino, Mitridate, Podo, Redi 2019],
[Kribs, Neil (review) 2013]... >



L re ~ ~ Vector-like dark theory

Dark colour confines

Mass of dark fermions

IR theory
mr S Ape

SU(N)pc X Gsm
Antipin, Redi, Strumia, Vigiani ‘1o
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e ~ Vector-like dark theary

Dark colour confines

Mass of dark fermions

IR theory
mr S Ape

SU(N)pc X Gsm
Antipin, Redi, Strumia, Vigiani ‘1o
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Dark colour confines

Mass of dark fermions

_— T ~ Vector-like dark theary

Qpyr ~ 0.1

IR theory
mr S Ape

MDM ~ 100 TeV

SU(N)pc X Gsm
Antipin, Redi, Strumia, Vigiani ‘1o
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.*e Vector-like dark theary
Bottaro, Contino, SV [To Appear]
MGUT GUT breaks UV theary SU(N)DC’ X SU(5)GUT

QDMN()l MDMNl()O TeV

Dark colour confines IR theary SU(N)DC X Gsm
Mass of dark fermions mr, S Apc  Matipin, Redi, Strumia, Vigiani ‘15
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GUT breaks

Dark colour confines

Mass of dark fermions

UV theary

IR theory
mr S Ape

Vector-like dark theory

Bottaro, Contino, SV [To Appear]
SU(N)pc x SU(B)gur

SU(N)pc X Gsm
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Vector-like dark theory
Bottaro, Contino, SV [To Appear]

MGUT GUT breaks UV theory SU(N)DC X SU(5)GUT
MH Study impact of

- GUT partners
ADC Dark colour confines IR theory SU(N)DC X gSM

mr, Mass of dark fermions mry, 5 ADC
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Contino, Bottaro, SV [To appear]

Constraints?
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Conclusions

e dtrongly coupled theories give elegant ideas for dark sectors
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Conclusions

e dtrongly coupled theories give elegant ideas for dark sectors
* Probe dark sectors in the scale invariant regime to be model agnostic

e Future neutrino oscillation experiments will be powertul probes
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Conclusions

e dtrongly coupled theories give elegant ideas for dark sectors
* Probe dark sectors in the scale invariant regime to be model agnostic
e Future neutrino oscillation experiments will be powertul probes

o se SU(a) GUT UV completion as an additional theory prior -very constraining
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Conclusions

e dtrongly coupled theories give elegant ideas for dark sectors
* Probe dark sectors in the scale invariant regime to be model agnostic
e Future neutrino oscillation experiments will be powertul probes
o se SU(d) GUT UV completion as an additional theory prior - very constraining

 Way ahead: Can we use non-gaussianities to probe the SU(2) dark GUT model?
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Ditt. number of Events

Contino, Max, Mishra 2012.08537

Free Fermion DS: | Majorana fermion + | scalar (integrated out)

- 1 B
104} 1 —SERTuCRX7V 7 X

100F  Apr=0GeV

-~ Ag=35GeV
0.01}

1074+

1078

DIIIIEUI II1[I}DIIII1éDIIII2L1]D
Invariant mass of DY (GeV) —>
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Ditt. number of Events

Contino, Max, Mishra 2012.08537

Free Fermion DS: | Majorana fermion + | scalar (integrated out)

4 e 1 B _ 5
104} 1 —SERTuCRX7V 7 X
_ e M
P ~
100F  Apr=0GeV ( 13
Largest contribution
at high p3¢ away
T S S S from threshold
0 20 100 150 200
Invariant mass of DS (GeV) —>

Be careful about EFT validity!
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For relevant portals:
OpsH™H

Log Cross—Section

see Strassler arXiv:0801.0623

Ap < 2

Energy
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For relevant portals:

OpsH'TH

Log Cross—Section

—_—~

see Strassler arXiv:0801.0623

Ap < 2

Largest contribution
at [ow energy

Energy
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Bottaro, Contino, SV [To Appear]

Good models?
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Arxiv: 1612.00638
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