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Light Vector Particles

Motivation

e Dark Matter interactions in the hidden sector

e Late annihilation rate of DM
Fayet, 2004; Arkani-Hamed, Finkbeiner, Slatyer, Weiner, 2008

e GeV-scale asymmetric DM abundance H.D., Morrissey, Sigurdson, Tulin, 2010

e (g —2), anomaly Fayet, 2007; Pospelov, 2008

Interactions

o Often coupled via kinetic mixing: & S5—Buy X Holdom, 1986

2 Ccos Oy
e “Dark photon” coupled through eeX#Ji™

e Intensity frontier searches Bjorken, Essig, Schuster, Toro, 2009



This talk: “Dark” Z H.D., Lee, Marciano, arXiv:1203.2947 [hep-ph]

e Light vector Z,, mass-mixing with SM Z:

m
with ez = Zd 5 (0K 1); Z-Z,; mixing angle (£ ~ ez | (e ~ 0).
mz

e Dark Z fermion couplings:

1
Lint = |—eed)” — E(g/ cos Oy ) eZJEIC zh

Jem =5 QpFyuf

INC =¥ (T35 — 2Q¢sin? Oyw) Fyuf — Tapfruvsf



e Aspects of Dark Z phenomenology

Relation to (g — 2), anomaly.

Parity violation: atomic, ee and ep scattering.

Flavor: emission of Z; in rare K and B decays.

Higgs at the LHC, in particular H — ZZ,.

e We consider 10 MeV Smyz, S 10 GeV.

Aside
m.,>2
e /4 coupling to neutral current from kinetic mixing: etan GWm—Qd.
A

e Largely negligible compared to the mass mixing effect.



The Muon g — 2 I

o ay P —az™ = 287(80) x 10711

L . Z
e Kinetic mixing: Aaud(vector) = %sQFV (mZd/mM) Fy(0,00) = 1,0
e Right sign; 10 MeV <myz, S500 MeV and 107° <e2 <1074,

Adapted from R. D. McKeown, arXiv:1109.4855 [hep-ex]
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e Additional vector coupling for 6 # O:

o 2 |
£2 — (€+€Z4éin49;;nCOivgw) ~ (¢ + 0.02¢,)2 = Can be ignored.

e AXial-vector contribution:

GFm

Aaﬁd(axial) = —gu5n3

162 F (mg,/mpu) ~ =117 x 1071162 F4 (my, /my)
Fu(0,00) = 1,5/3

Also negligible for 62 < 0.1 (atomic parity violation).

= (g — 2), explanation dominated by kinetic mixing.



Parity Violation |

e Parity violating amplitudes MY, = (Gr/2v2)F(sin? Oy).

e Gr — pgGr and sin? 0y — KkySin? Oy

2 2

A 2COS 6 A

—1462%_ and kg =1 — <5250 "%
Pd QQ—I—m%d d ez~ sinby Q2—|—m%d

e Atomic parity violation (APV)
e Qw =—N+Z(1—4sin’0y).
o Q7M(3233Cs) = —73.16(5) and Q)P (:33Cs) = —73.16(35).

o« QM — —73.16(1 4 §2) 4 220(g/e2)52 cos Oy sin Oy .

= |52(1 _ 1.27%)\ <0.006 ; 62<0.006, fore < ey

e Polarized electron scattering experiments: SLAC, JLAB, Mainz,. . ..

e Mainly sensitive to ky.
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Rare K and B Decays |

d

e my, < mg g longitudinal Z; enhanced.

e Goldstone equivalence theorem (GET):
axion < longitudinal Z;,

e Use JL’yMSLa'ua, §L’y'ubL8'ua to estimate K — 7TZd|Lr B — KZd|L-

Hall and Wise, 1981; Frere, Vermaseren, and Gavela, 1981

Batell, Pospelov, Ritz, 2009; Freytsis, Ligeti, Thaler, 2009

e Unlike axions, BR(Z; — eTe™) ~BR(Z; — puTu™).

e Ignore kinetic mixing, due to mostly suppressed effect.



e Adapting 2HD axion results for estimates:  Hall and Wise, 1981
e BR(KT — 77 Zy)iong =~ 4 X 107452

BR(KT - nteTe exp = 3.00 £ 0.09 x 10~
BR(KT - nTuT i exp = 9.4+ 0.6 x 1078
BR(KT - 7ntvi)exp = 1.7+ 1.1 x 10710

® my, < mg.

5 $0.01/\/BR(Z;s — ete”) ; & <0.001//BR(Z; — missing energy)

BR(B— KZ; — K¢T¢™) <10~ (axion bounds)

o my < mpg:
d BR(BT = K1to1)exp < 1.4 x 1072

§ $0.001/BR(Zg — £7¢7) ; 6 <0.01//BR(Z; — missing energy)

o BRUZgvete) 1 41 (i>2
BR(Z;—vr) — 6 ' 2\ez



Higgs-like state discovered by ATLAS and CMS!




My ~ 125 GeV

Is it the SM Higgs~?

-2Ini(u)<1 Intervals

2011 - 2012 Data

T . .
ATLAS Preliminary

W.ZH — bb

Vie T Tad [l s agar e’

H—mw
1‘--‘rm':,|"ul-:|.'.r w'

H—WW" — iviv
W TV L= T
H—y

e Ted L s e’
l'i-?Tt'-':J'I.ﬂ_;l.lﬁ‘
H—2Z" — i
Vo= B Tev fLa = 58 1"

Ve 7 Tel: [LEmaan’

" Combined

ety flrain-LoR"
o TEY fumead-dnm’

H - WW

| | | | |
.-
-
..u_._%.
.
+
:: #0.3
vl'- "-1'2413
| | .

-1 0 1
Signal strength (u)

rn'H_- 125 GeV |

H— bb

H— ¥y

H— Z2Z

CMS Preliminary

ve=7TeV.L=5.115'
Vs =8TeV, L=531"

1 2 3 4
Best fit -ﬂfﬁ$

5
MH



Higgs Decays |

The new state may open a window to the dark sector:

o H— 77,
e Relevance extends to myz, > mgk .
e Suppressed by €2 = (mz,/mz)?5°.

e Enhanced by ~ (myg/myz,)? for longitudinal Z,.

e Assume my = 125 GeV.
o T(H = ZZ* = 07470305) ~ 1.8 x 10~ 68f mpm2;

o T(H — ZZy— £]070305) ~7 x 1073 362BR(Zy — £565)

8\/_mH

D(H—ZZg—£] ] €5£5)
T(H—ZZ*—€] 0705 65)

~ 10462BR(Z4 — £5 £5)

Y
HHSZ 2ot L~ (1/3) X 109°BR(Zy - )




LHC

e myz, =5 GeV and §°BR(Z; — ¢T¢~) = 107>,

Prospects

e 30 evidence: Ny ~ 10° (current sample ~ few hundred thousand).

* Other reducible and irreducible backgrounds ignored for simple estimate.

* ATLAS/CMS cuts for H — ZZ*:
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A 2HDM Realization:

e SM SU(2) doublets Hq and H>.

e Singelt H; and H»o carry dark charge under U(1),.

- U(1), motivated to protect against FCNC effects in 2HDM.
e Hq is SM-like (H) and H» is fermiophobic.

e my, from (H;) =vg and (Hz) = va.

e § =sinfgsin B ; with tan g = vy /v1 and tan gy = vo /v .

e SM-like Hy for tan <1/3.



Conclusions

e New physics may not (all) reside at mpnp > myy .

e Support from DM considerations and a potential (g—Q)M anomaly.
e Z, vector particles at or below ~ GeV.

e Contribution to mg, from EWSB — PV, Flavor, Higgs decays.

| Process | Current (future) bound on 4 | Comment
Low Energy Parity Violation 0 $50.08 —0.01 (0.001) Fairly independent of mg,.
Rare K Decays 4 $0.01 — 0.001 (0.0003) m2 < mj K mi.
Rare B Decays 4 $0.02 — 0.001 (0.0003) m2 < mj K mj.
H — ZZ, 5 < (0.003 — 0.001) m? < (mg —mz)>.




