IV HIDDEN VALLEYS &
DARK SECTORS

1. Motivation

e stability: M,;, ~ 100 GeV < Mpj ner ~ 1012 GeV
= hierarchy problem

solutions:
(i) SUSY [A ~ Mgy possible]

(ii) extra dimensions @ few-TeV scale:
gravity tested for d 2 0.1 mm
[mechanical torsion experiments — F]
— modifications for d < 0.1 mm possible
[ADD, Randall-Sundrum]

(iii) heavy mediator(s) [A ~ M,,.; & O(TeV)]
— light dark sector possible
(iv) effective Lagranglans (dim 6) [A & O(TeV)]

L= /LSM—I— O it — 2499 dim6-operators
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modification of gravitational potential:
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32. Hidden Valleys Strassler, Zurek

gauge group Ggp X U(1) x SU(Ny) [Ny > 2]

g/ gu

[Gan = SU(3) x SU(2) x U(1)]
e confinement: 1 GevV S A, S 1 TeV

e new Higgs field ¢: (¢) breaks U(1)
= Z' with M, ~1—6 TeV

e hidden U, C ferm., 3 right-handed neutrinos N;:

my,c < (P)
Z> symm. — N; no Dirac mass — stable —- DM

e kinetic mixing of Z,Z": L = EB“”F/’W
can be absorbed in field redef. — mod. charges
= SM ferm. coupl. to Z": Qz = QY — k%

g/

g u; di ¢; & N| U U C C H ¢
sU3» |3 3 31 1 1|1 1 1 1 1 1
suU» |2 1 1 2 1 1|1 1 1 1 2 1
vy | & -3 L =L 1 0o 0o o o 1o
Uy | =5 =5 5 35 —35 =l a+ a- —a+ —a-| 5 2
SUmp| 1 1 1 1 1 1 | ny ny ny 0y | 1 1
q+ +q9- = —Q4 = —2 [anomaly freedom]
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(i) 2LF: (two light flavours) [~ 2F-QCD]
mr ~ mo <K Ny = wg’i pseudo Goldstones (light)
wfct. 710 ~ 0U - CC = 70 = 7' — fF

— heavy flavour preferred [helicity flip mf]

L =9GP —mp)p = Yri@vr + pridr + mp(Yryr + brr)
= Legp o< immp(Privr — YRYL)
(Y11, = YrYpR = O]

My, > My.

F(xd = bb) ~ 3x 10871

f2mr, (10 Tev\”
(200 GeV)3 \ my /g

My, <K My.

Mz = bb) ~ 6x10%s~ 1

f2m2 (10 Tev\?
(20 GeV)" \ my /g’
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(ii) 1LF: (one light flavour) [= QCD]

my K Ny < mg

= 1, (pseudoscalar), w, (vector) lightest dark states
ov — ff+ y

5 4
Mo, ~ 4 x 1018571 ( i ) 10 Tev
200 GeV mZ//g’

n, See above for Tv)
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Fig. 3. A possible event in the two-light-flavor regime; note .?Tl,i is electrically
neutral and invisible.

Fig. 4. A possible event in the one-light-flavor regime.

= many displaced vertices — b-jets
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33. Dark QCD

gauge group Ggpr X SU(Ng) (Ng > 2)

e ns Dirac fermions: Ny colors, Ggys singlet
= dark quarks Qy

e confinement scale Ay
mr, < \q pseudo Goldstones (+ QCD)

o M, Ag~1—10 GeV

e dark baryon number conserved
= lightest dark baryon stable = DM

e scalar mediator: Lx = kQ49Xy

Field | SU(3)x SU(2) % U(1) | SU(3 )i Mass Spin
Q4 (11 1.0) (3) mg O(GeV) | Dirac Fermion
X4 3.1 %) (3) Mx, O(TeV) | Complex Scalar
Zd (1,1, 08) (1) Mz, O(TeV) | Vector Boson

Bai, Schwaller
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Schwaller, Stolarski, Weiler
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