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Introduction

Introduction : Motivations

Simplest extension of SM — add a U(1)’ symmetry

Two options :

e Charged SM fermions
— FCNC constraints
— B-L, a(B-L)+BY models heavy Z’
—> Stringy light Z’, anomaly cancellation a la Green-Schwarz

e Uncharged SM fermions

—> Motivations from string theory (D-brane models)
— Heavy mediators ~ effective higher-dimensional operators
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Dark matter : 1)pps chiral fermion

New vector boson Z’

Heavy mediators : heavy SM fermions

Assume the model is anomaly-free and conserves CP
New : let heavy fermions to be charged under SU(3)

< look at y/PMypPM o GG

LR IR R R v
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Introduction

Introduction : The model

o Heavy mediators : heavy SM fermions
Heavy mass scale : breaking of the heavy U(1)’ higgs sector

Stueckelberg realization

o = V\;§¢exp(iaX/V) - %exp(iax/v)

U(1)’ transformations

52,: = Oyor , O0x = %a where GXEaVX

L. Heurtier Corfu, september 2013



Introduction
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Initial lagrangian
L= Lows LW AM) 2 (0ax - Mz Z))? — L FFXH
= SM 2 xam 2 nadx VAR 4
. 1 . S 1 . ,
+ v iv“awggxxh“zé) 'L+‘|’k(i7”5u+§gxxf'?7” ZL)""R
- |V Mje v "Vp+he (1.1)
Vv
where MZ’ = gXE . (12)
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Introduction : The model

Initial lagrangian
L= Lows LW AM) 2 (0ax - Mz Z))? — L FFXH
= SM 2 xam 2 nadx VAR 4
. 1 . S 1 . ,
+ v iv“awggxxh“zé) 'L+‘|’k(i7”5u+§gxxf'?7” ZL)""R
- |V Mje v "Vp+he (1.1)
Vv
where MZ’ = gXE . (12)

< Invariant under U(1)’ transformations
— L anomaly-free & Lsy neutral under U(1)" = W), set anomaly-free
< Kinetic mixing term g Fi” FL is neglected
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Introduction

Effective couplings

G
dg
M2
—_— Z/
G
1 pe I ol VvV ~p
£& = W{dgaﬂo,,,exﬂ(cc)wga* D" 0xTr(G,,G")
+  egD"0xTr(G,,DuG") + ey D,0xTr(Gar D G**) }
1 o - -
v o {D"0x [:(D H) (aE), +2c2FHVZ)H+h.c.]
O™ DmOx (i Tr(FYEY) +2daTr(FVE™Y)
d.,, 0" D" Ox Tr(F,,FL)
eew D" OxTr(F,,DuF?) + €4, DpOx Tr(Fa DY)}, (1.3)
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Introduction

G, K
Z', kb
G, kY
0 - Z ((XL—XR)TaTa)
247r2 M? ;
x [0"DuOxTr(GG)-2D,0xTr(GuD G )] . (1.4)
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Gluons production

DM annihilation into Gluons

couplings

1 o
Lcp even = W{dga“DMHXTr(GG)+d’8”’D” 0Gl)
+ egDM DuG™) + € Du0xTr(Gay DV GH) | (2.1)

Lom =Y —gx ZiyP™ + gM —gx Rt zippM (2.2)

v
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Gluons production

DM annihilation into Gluons

couplings

1 -
Lopewn = 75 {ded DubxTr(GG) + g0 D nGl)
+ egDM DuG™) + € Du0xTr(Gay DV GH) | (2.1)

Lom =Y —g XM ZiapPM + M —gx RMArZppM  (22)
PP M G Yoy — NN Z/
ZI
oM G Vpy ——— NN Z
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Gluons production

DM annihilation into Gluons

—Non-chiral dark matter : no contribution

—Chiral dark matter :

a2 gl (X - Xg)? 2(M2, —4m3)°
<O'V)s—channel = W M A ) ) 5
z’ (I\/IZ,I' (Z')+(I\/IZ,—4mw) )
4 2 2
gX mw - MZ’
<Uv>t—channel = 5 Py (mi,, M%/,X/.%, XL2)

128m2m, M3, (22, - M2,)
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Experimental constraints

Experimental constraints

A few parameters in this model : Mz, my, gx, %, X, Xg.
—need to be constrained !

Experimental constraints :

@ Relic abundance
@ Indirect detection

@ LHC mono-jets events
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Experimental constraints

Relic abundance and indirect detection

— WMAP/PLANCK My =1TeV, gx=1
FERMI
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Experimental constraints

LHC constraints

Possible mono-jets final states

JJDM

1/}DM

Il YpuG

YoM G

Figure: Dark matter production processes at the LHC (at partonic level), in
association with 1 jet : p p > jYpM¥DM-
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LHC constraints

Using CMS data [[CMS Collaboration], CMS-PAS-EX0-12-048 |, Ecpy = 8 TeV :

10°%r 1

10’ ﬂ

=
S 10°¢
—— Mgz =100GeV
| —— Mz =500GeV |
1000 —_— Mz = 1TeV
10 L L L L L L
10 20 50 100 200 500 1000 2000
DM mass [GeV]

Figure: 90% CL lower bounds on the quantity M?/d, as a function of the dark matter
mass, for Mz = 100 GeV (blue), 500 GeV (red) and 1 TeV (green). Based on the CMS

analysis with collected data using a center-of-mass energy of 8 TeV and a luminosity of
19.5/fb.
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Experimental constraints

Synthesis

_— LHC bound
— WMAP/PLANCK | My =1TeV, gx =1
—_ FERMI
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Comparison with EW sector
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Conclusions and outlooks

@ Model very constrained with high coupling gx and small masses of mz:
o Different cross section features than electro weak bosons final states
e my, 2100 - 500 GeV

e Waiting for more precise data about gluon-gluon final states (indirect
detection)

@ A way to investigate with more accuracy the presence of dark matter
production in LHC data

@ Microscopic computations of effective coupling to be extended to
other interactions
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The End

Thank you!
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Conclusion

Constraints on kinetic mixing

If not neglected — new diagrams

oM ;
Z NN "“Z‘\ N
1)
oM ;
d2 2g% m§
cex T
Y 4.1
(ov)ge = M4 - M, (4.1)
—>[X, Chu, Y. Mambrini, J. Quevillon and B. Zaldivar, arXiv :1306.4677 [hep_ph]]
2
16 20 My
aVis = 0 ) my < M
ovis T gxe M2, y < Mz
2 2¢2
Ex 8 1) MZ
av [ A S , m > M ' 42
v Wmil\/l%, Y z (4.2)
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Constraints on kinetic mixing

Kinetic mixing competes with other effective operators if

d, 8X 2
52Vg22fgm””’ el
dg /2 m’,
62 o5 ggx M’;’ L my> My (4.3)
= For my, =200 GeV .M— 4 x5 GeV 2
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Constraints on kinetic mixing
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Relic abundance and indirect detection

L. Heurtier

— WMAP/PLANCK Mz =100 GeV, gx =0.1
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Relic abundance and indirect detection

— WMAP/PLANCK Mz =1TeV, ¢gx=0.1
— FERMI
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Synthesis

—  LHC bound
— WMAP/PLANCK | Mz =100 GeV, gx =0.1
— FERMI

o]

100}

{Overdense universe region]

10°
108

107 |

M2/d,

109 -
10°

10* ¥

my (GeV)

L. Heurtier Corfu, september 2013



Synthesis

—  LHC bound
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