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EXPERIMENT

Abstract

Search for dark matter particles produced in association with a vector boson In this case, the analysis strategy is based on the identification of broad jets in
(V=W, Z) reconstructed in its hadronic final state. The analysis strategy depends the event, with a cone size of about 1.0 units, and the use of jet substructure
on the boost of the vector boson in the final state. At low transverse momen- quantities to isolate jets with an internal structure consistent with the decay of
tum, the dijet system from the W/Z decay can be reconstructed using jets with a massive particle. The SM background contribution is dominated by W/Z+jets
cone size, in the eta-phi, space of 0.4 units. The invariant mass of the dijet sys- production processes. The result will be interpreted in the context of simpli-
tem allows discriminating the events corresponding to the resonant production fied vector and axial-vector DM models, as well as invisible Higgs and Axion-like-
of a W/Z boson. At high transverse momentum, the products of the W/Z decays particle models.

merge, making impossible a straightforward identification of the dijet system.

Analysis Overview Background Estimation

In order to Search for dark matter which focuses Interpretations with multiple signal models: Idea

on the hadronic decay channel of W/Z bosons B
(W/Z—) qa) B Invisible Higgs e The main backgrounds in this analysis are V+jets processes and tt.

e These channels will be constrained using dedicated control regions with leptons in the final state with an strategy similar to the one in the
monojet analysis and inspired with the previous iteration of this analysis.

q

f Mono-V \

‘ Er™miss » 250 GeV

\
. e Z — wvuv(irreducible): Two-lepton control region: Zee+jets, 2 11811; ArLas
q Z L tjets i o J-Ldt=139.1 fo! Vs=13 TeV E‘“
. - 108 E- signal region —
e W +jets: ev, v, Tr:notreconstructed lepton, Single-lepton . -
B ALPs control region: W . v+jets(Wenu+jets) -
q

e tt: Semileptonic decay with misreconstructed leptons, Single-
lepton control region with b-tagged jets

k Large-R ietj

e Multijet:Control region selected by inverting the most ef-
fective requirement used to discriminate against multijet

events:min[AdJ(E_I”JiSS,jets)] > 20°

The final state of the analysed signal scenarios contains dark matter

. . . . q
recoiling against a vector boson that is consequently often highly boosted, %
since the missing transverse momentum E.,”.”SS attributed to dark matter B 2HDM+3 * Jet mass side-band control region: used in the previous analysis 8

- : , to extract a normalization scale factor for the multijet shape ; : . : : . : :
particles is of the same order as the vector boson’s transverse momentum g AT w0 w0 e i
pT - The double-pronged hadronic decay of the vector boson is searched 7 L
for within a large-R jet with radius parameter R = 1.0. In addition to this t H&YJ“J
so-called merged regime, a resolved regime is considered in this search, 1 e ~
where the separation between the decay products is sufficiently large to be a< )_C B Control Reglons
reconstructed as two separate small-R jets with a radius parameter t X
R = 0.4. g

Merged regime Resolved regime * Control region selections:
B DM axial-vector mediator model
_ X Y @ q 14 X Estimating Z — v v contribution. CR2I0b CR1l0b CR1l1b
E}l{"’lss{ Emiss{ W/Z /5 Preselection Preselection Preselection
X T % \V’ 2 baseline w/es 1 baseline 1 1 baseline
' Yq 9x 2 signal p/es 1 signal 1 signal
7' CR2el0b M € [66, 116]GeV MI,T/ € [30, 100] GeV MIZ € [30, 100] GeV
miIss
q % ETSS > 150/250GeV

> ']'JLCTOpO/ > 2jets
Agp(J/Jj, ET™ ) > 120°
Ad(jp. j1) < 140%(only in resolved)

ij7’._ > 120/150GeVfor2/ > 3jets(only in resolved)

none b-veto > 1b et
W/Z tagger & W/Z mass window

Estimating Z — v v contribution.

CR1muOb

Estimating W + jets contribution.

B SR reoptimization

e We uses various Control Regions to constrain the most important backgrounds:

recoil

o Region Enriched in Py Comment
e In order to reoptimize the SR we generate N-1 plots and do a Z-scan: - Z(00) + jots, W+ jets Ees
. . : miss
Z = ) using from the previous paper (ocg = 9%) CR1mulb CR2mu Z(pp) +jets B omu proxy for pr(Z)
2 CR2el Z(ee) +jets E'Ir'nr:tsasel proxy for pt(Z)
B+(B 'O B ) CR1mudb W(uv) +jets E'Ir'nrji)smu proxy for pr (W)
Estimati ng TOp contribution. CR1mulb tt E‘?rifel proxy for pt (W) from the semi-leptonic tt

e Here is an example under the merged Ob selection:
recoil

e The observable p used in the simultaneous fit for the background estimation, for

fue s g T : :
§W =§@i"*w each of the regions used in the fit.
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. Fitting strategy
B quark/gluon tagging
the likelihood L is defined as Process Nominal normalisation | « - factor
. @ Studied how the signal (VHinv) sensitivity improves under various configurations in the merged SR. : Z
* We want to explore the possiblility to use /g tag- = _ Z— v+ J?ts MC KJW
ger:Signal processes contain a hadronically decay- § *'= [w=mcme s Ei " Laree e number of tracks | obs | x sig bkg W = Tv+ jets MC K
ing vector boson V(qq) H(inv): il ook o Large R Jet C2 L(p, Kk, 0) = Poisson | N |N”. (60) + N”. (k. 0)) feonstr(0), W — uv + jets MC kW
wg :%ﬁnﬁ:rgi‘hﬂr:;?f @ NN for W/Z tagging W — ev+ jets MC IiW
. . . 10"‘ . r [ . )4
*  expect two quark jets compatible with | Z=—. o NN o s 1 /5 o, i s D2 W 2 e "> i
V decay dijet mass = W/Z mass or 0ne b i, S ————__ and m) Z — pp+ jets MC e
. - O g TR T M L et by . 7
large R with mass = W/Z mass. " i e .-;,_l_l:*'**fﬁ*_;"‘" " +**+f= \é\i/zdtagger MCTYE Z_ — ee-+ Jets MC /ft
| N S 036 [dBO tt and single-t MC K
. . . m V.l — — s’ T = — : = — : ; +. .
* Number of tracks associated to jet is a very gooda HE ; g-gg g-jgg Nb_kg — K V(/\/Z_(VV) Jets diboson MC -
cially at high jet py. Already at lower MET o 01 02 03 04 05 05 07 08 09 4 NV_V(MV)*'JE'CS I N‘/_V(e’/)+J9t5 i NV_V(TV)*'JE'CS
i ' i, ri ri ri
VH(|n\;) hz;s c(lgfz;\rly fewer tracks t:man mamhl?a:k where _ . . (2) e Source of the nominal prediction on each of the back-
ﬁ;:};n Stlde I ' erterl]ce getS e.\t/ien a::gezr at I8 e(; Trained to identify events from the VHinv channel. ) + NZ(I’L:u’)-I-JetS + NZ.(ee)-I-JetS + NZ(TT)+JetS) ground processes inthe Signal region and apphed normal-
, COUTE TEJELL TaTee POrton of shunt an r r ri isation factor. « represents the normalisation factor.
Wtaunu background with a cut on nTracks while - _ N
keeping most of VH( inv ) signal. I Rt(Nt_t,SIngle-t) 4 Nfll_lboson 4 yMult-jet
ri ri
B Deep Learning - CNN _
P g B 361 1 test results compare to previous analysis(DM axial-vector mediator model)
e We also train a CNN to discriminate images from the Jet pt-clusters between VHinv and Znunu: - — —=10
T ngnlll[lll]llr . T R |
- 2.2
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