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Heavy Vector Resonances

* many searches at 8 TeV and now ongoing at 13 TeV
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Heavy Vector Resonances

. heavy vectors among the most motivated direct searches
e since they appear in many NP models

Weakly coupled Strongly coupled
‘ modéls, : Composite Higgs models
sequential W’ ...

various colourless vectors

SUB)c  SU2)r UQl)y
B, | 1 1 0 )

1 e singlets (work in progress
B! 1 1 1 g ( progress)
Ly, 1 2 —3/2 e no coupling to quarks
W, 1 3 0 e studied here!

W, 1 3 1 e no coupling to fermions

[del Aguila, de Blas, Perez-Victoria, arXiv:1005.3998 ]

simplified model approach



Bridge

* bounds are extremely general
* can be easily used in everyone’s favorit model

explicit models

& Theory CI(@ > [ =

Simplified Lagrangian
can be matched to explicit models
limit on
L( 5) o X BR

Simplified Lagrangian
parameters c fixed in terms of
explicit model parameters p

- Data \/

translate limits into bounds on
simplified model parameters




Phenomenological Lagrangian
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Weakly coupled model Strongly coupled model

gv typical strength of V interactions
gy ~g~1 1 <gy <dm
c; dimensionless coefficients

CHN—QQ/Q‘Q/ and cp ~ 1 crg~ cp~ 1



Phenomenological Lagrangian

1 m2 )
Ly = —gDuViDHvie + Zrvpvee V=tV v
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Coupling to SM Vectors Coupling to SM fermions  J#° = Z?Ly%a fr
f
L WL ) ZL7 h f
7 d 92
AAAMVMAK ~ gven ~ ——CF
S v gv
V'u N N /‘L _
‘ WL ) ZL) h f
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Phenomenological Lagrangian

1 m2 )
Ly = —gDuViDHvie + Zrvpvee V=tV v

2

: a7t a S H g a T a
+igyegV, H'T"D H+g_VCFVMJF

+ %/CVVV EabCVleVVbD[MVV] "+ Q%CVVHHV;VM "H'H - gCVVWEach'u ) aV:VVC

. Couplings among vectors
* do not contribute toV decays
* do not contribute to single production

* only eftects through (usually small) VW mixing

w> irrelevant for phenomenology #eZs only need (cq, cF)




Production rates

* DY and VBF production
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dependent independent
* can compute productlon rates analytlcally
. easily rescale to different points in parameter space
quark initial state vector boson initial state
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Decay widths

* relevant decay channels: di-lepton, di-quark, di-boson
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[LHC bounds

Weakly coupled model Strongly coupled model
10° theoretically CMS 103 theoretically CMS
02, el Agy=1 102} excluded \_\\ Bg,=3
2 10’ 8 101]
> ol > ool
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S
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1075 1000 2000 N — lvivvizﬂj 1000 2000 3000 4000
My [GeV] — VO WW S — V'S5 WW S Iygg My [G?V] )
— Vorr similar bounds for ATLAS
-= pp-— VO ...... pp — V+

* excluded for masses < 3TeV
. di-lepton most stringent
* di-boson searches < 1-2TeV

excluded for masses < 1.5TeV

unconstrained for larger gy
di-boson most stringent
in excluded region G, mz not

reproduced



[.imits on parameter space

yellow: CMS [Ty analysis
dark blue: CMS W Z — 3lv

* experimental limits converted into (cx, cr) plane light blue: CMS WZ — jj
black: bounds from EWPT

I Bgv=6

: : : : : : HE / .’l : : : : H : 1 : :
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

* [v dominates * EWPT become comparable

* EWPT not competitive * di-bosons more and more relevant

* only—1<Scep 51 * strongly coupled model evades bounds from
allowed direct searches

[Pappadopulo, Thamm, Torre, Wulzer, arXiv:1402.4431 ]



[.imits on parameter space
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[LLHC bounds

* experimental limits converted into (My, gy) plane yellow: CMS v analysis

[Pappadopulo, Thamm, Torre, Wulzer, arXiv:1402.4431] dark blue: CMS W7 — 3lv
light blue: CMS WZ — jj
black: bounds from EWPT
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* leptonic final state dominates at low gv

*very different for larger coupling

. k 1 . fd [Greco, Liu: arXiv:1410.2883]
weaker limits 1 eca}’ to tOP Partners OPen [Chala, Juknevich, Perez, Santiago: arXiv:1411.1771]



Combination of searches

. simplified model makes combination of searches easy

arXiv:1402.4431 to appear
Channel § V" € (1,3), V7 € ' Vte(1,1), § Final states
| }ic 30f SU(2)ri§c 3 of SU2)r#
1l O X (] 1 X ] -
lv X O X X .
lvgp X X X 00 llgq
39 u O L] 00 ] -
tb x O x oo § i
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Wh X O ‘ X i lvbb ,qqbb
Wy X (] ( X 'ﬁ vqq v
hh X X $ X } {bb, 7T, vy} @ {bb,TT, ¥V},
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[1mit setting
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[.1mit Setting

— SMosm(pp » I'I")

— Signal only o(pp » V° = ')

=== Signal BW o (pp —» V) x BR(V® - I*I")

— SM + Signal (w/o interference) o(pp = V° = I'I7) + osm(pp = [117)

-==- SM + BW (w/o interference) o(pp = V°) x BR(V® = I*I") + ogm(pp — [T17)
Effect of interference -1 <y < 1

want limits on o X BR since model—independent

can be easily reinterpreted

but depends on details of analysis (assumed total width of resonance)

discuss two (well known, but often forgotten) effects

example: di—lepton invariant mass distribution

2 TeV resonance
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[.1mit setting

1. Interference with SM background

do/dM; - [107pb/GeV]
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SM asm(pp = I'17)

Signal only o(pp = V° - I']")

+ Signal BW o(pp —» V°) x BR(V® - ')

SM + Signal (w/o interference) o(pp — VOS I + osmpp = ')

* SM + BW (w/o interference) o-(pp — V) x BR(V = I'I7) + osm(pp = [717)
Effect of interference -1 <y < 1

LHC@8TeV ] A 0 1 LHC@STeV |
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- I'/My=10% 3 i = —10\ I'/'My =11% 1
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: i
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destructive 0 0 “background
(pp%V)x BR (VY — lI)
. depends on S/B ratio
« dashed green: signal + background with no interference
y green shaded region: constructive and destructive interference )

can be large effect

My —T', My +T'] less sensitive

interference vanishes exactly at § = My,

o1(5) o
71(8) (§ — M2)? + M2T?

, is odd around this point

[Accomando, Becciolini, Balyaev, Moretti, Shepherd, arXiv:1304.6700 ]
[Accomando, Becciolini, de Curtis, Dominici, Fedeli, Shepherd, arXiv:1110.0713]




[.1mit setting

1. Interference with SM background

— SMosm(pp ~ I'")

— Signal only o(pp = V° = I'[")

=== Signal BW o(pp —» V°) x BR(V® - ')

— SM + Signal (w/o interference) o(pp — VOS I + osmpp = ')

=== SM + BW (wjo interference) o-(pp = V°) x BR(V? = I"I") + osm(pp = [717)

Effect of interference -1 <y < 1
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* inset plot: (y, 1— M)

oBW

within mass window, deviation is < 10%

[Accomando, Becciolini, Balyaev, Moretti, Shepherd, arXiv:1304.6700 ]
[Accomando, Becciolini, de Curtis, Dominici, Fedeli, Shepherd, arXiv:1110.0713]




— SMosm(pp ~ I'I)
— Signal only o(pp = V° = I']")
L . . . === Signal BW o(pp - V°) x BR(V® - [*[7)
lmlt S ettlng — SM + Signal (w/o interference) o(pp — VoS + osmpp = ')
=== SM + BW (w/o interference) o-(pp = V°) x BR(V? = I"I") + ogm(pp = [T17)
Effect of interference -1 <y < 1

do/dM; - [107pb/GeV]

2- DlStOI’thn from BW [Accomando, Becciolini, Balyaev, Moretti, Shepherd, arXiv:1304.6700 ]
o [Accomando, Becciolini, de Curtis, Dominici, Fedeli, Shepherd, arXiv:1110.0713]
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[.1mit setting

2. Distortion from BW
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[Accomando, Becciolini, Balyaev, Moretti, Shepherd, arXiv:1304.6700 ]
[Accomando, Becciolini, de Curtis, Dominici, Fedeli, Shepherd, arXiv:1110.0713]
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* assumption depends on variation of parton luminosities

MP - dLy;

M2 ds

* agreement better for small width
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BW
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Ml-i—l— S=My5;

* parton luminosities decrease faster at larger masses

* however, in peak region deviation < 10%




[.1mit setting

— SMosm(pp ~ I'")

— Signal only o(pp = V° = I']")

=== Signal BW o(pp - V°) x BR(V® - [']7)

— SM + Signal (w/o interference) o(pp — VoS + osmpp = ')

=== SM + BW (w/o interference) o-(pp = V°) x BR(V? = I"I") + ogm(pp = [T17)

Effect of interference -1 <y < 1

[Accomando, Becciolini, Balyaev, Moretti, Shepherd, arXiv:1304.6700 ]

Conclusion
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[Accomando, Becciolini, de Curtis, Dominici, Fedeli, Shepherd, arXiv:1110.0713]
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only limits set on peak region give model independent bounds

(give bounds on o X BR for each mass and width)

not reusable

searches sensitive to the tail only valid in the assumed model,




Conclusions

model independent strategy to study heavy spin- 1 triplets
extremely useful to present results in terms of simplified model parameters
allows casy reinterpretation

limits should be set on ¢ X BR by focussing on the on-shell region



