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sociology

® Particle physicists used to think

need to solve problems with the SM
hierarchy problem, strong CP, etc

it is great if a solution also gives dark
matter candidate as an option

big ideas: supersymmetry, extra dim
probably because dark matter problem
was not so established in 80’s
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recent thinking

® dark matter definitely exists

® hierarchy problem may be optional?
® need to explain dark matter on its own
® perhaps we should decouple these two
® do we really need big ideas like SUSY?

® perhaps we can solve it with ideas more
familiar to us?
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Not only the mass
scale is similar to

QCD
DM DM

dynamics itself can be

QCD! Miracle?
iracle DM

DM = pions =qq

e.g. SLlJ(4)/Sp(4) =S DM DM

Leniral = 75 7 Tro*U'0,U +HM

bwzw = 15 o

n arXiv:1411.3727
SN,

eabcdee“”pawaﬁﬂﬂbﬁywc pwdﬁaﬂe + O(r")
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Wess-Zumino term

® SU(N() gauge theory
o TTs(SU(NY)=Z (Nr23)

® Sp(N¢) gauge theory
® T15(SU(2N§)/Sp(Nf))=7 (Nf=2)

Witten

® SO(Nc) gauge theory
® TT5(SU(Ny)/SO(Np)=7 (N=3)

also, non-abelian vector bosons (vector SIMP)
+S-M Choi, HM Lee, Y. Mambrini, M. Pierre
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self interaction

® g/m~cm?/g~10~**cm? / 300MeV
® flattens the cusps in NFWV profile

® actually desirable for dwarf galaxies!?
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if totally decoupled

- —
—— —
S —

Carlson, Hall and Machacek,
Astrophys. J. 398, 43 (1992)

102

10—'3 Slllll 1 |2lllllll 1 ltllll‘l 1 0 1 2 3
10 10 10 10 10~ 10~ 10~

T (eV)

® 3—2 annihilations without heat exchange is

excluded by structure formation, [de Laix, Scherrer
and Schaefer, Astrophys. J. 452,495 (1995)]
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DM DM
3 to 2 annihilation
excess entropy must DM
be transferred to e*,y

DM DM
need communication
at some level DM DM

leads to experimental
signal

SM entropy ~ SM



vector portal

dark QCD
with SIMP

Standard Model

€
— B Fp’
QCW

also axion portal: +Katelin Schutz, Robert McGehee in preparation



Kinetically mixed U(1)

® c.g,the SIMPlest model SU(4)/Sp(4) = g
SU(2) gauge group with

N=2 (4 doublets)

® gauge U(1)=SO(2) Lo -

c SO(5)=Sp(4)

® maintains degeneracy of (7T++, T Wg, 7T,2, Wg)
quarks

® near degeneracy of pions .
for co-annihilation _VBMVFEW

26W
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Twin Higgs

O Take fwo mirror copies of the SM:

(SMa) x (SMg)

~_

L2 An exchange symmetry, A <> B,

0 Assume Higgs potential has an SU(4) or SO(8)
global symmetry tn the UV,

0 Take a small hierarchy of Higgs vevs:
<'HA> =V <HB> = 75 Wl.H'\ V £ 75

Chacko, Goh, RH (2005) Roni Harnik, JHU workshop 2017 in Budapest



Twin Higgs
O All NP within LHC reach 15 SM neutral.
0 PNGB Higgs, cancelation ...

mirror fop Charged under
SM ILO\’D . /_é mirror QCD, QED.
------ o
..... i
A;{.A A,uE
h h h h
- Al __ g

Roni Harnik and Zackaria Chacko, JHU workshop 2017 in Budapest
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Twin Higgs

® degenerate u, d, s, ¢, b,no CKM mixing

® SU(5) flavor symmetry
® Make all leptons > GeV

® charged pions don’t decay by W-boson
® hyper charge assignment: Y—(B—L)/2

® anomaly-free

® all quarks and leptons have charge 1/2

® neutral pions don’t decay into Y Y
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Twin Higgs

® degenerate u, d, s, ¢, b,no CKM mixing

® SU(5) flavor symmetry
® Make all leptons > GeV

® charged pions don’t decay by W-boson
® hyper charge assignment: Y—(B—L)/2

® anomaly-free

® all quarks and leptons have charge 1/2

® neutral pions don’t decay into Y Y

Can solve hierarchy problem, too |




Conclusion

surprisingly an old theory for dark matter

SIMP Miracle?

® mass ~ QCD

® coupling ~ QCD

® theory ~ QCD

can solve problem with DM profile
very rich phenomenology

Exciting dark spectroscopy

May also solve the hierarchy problem




