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Run-II monojet / mono-V analysis (common AN) 5
Search for dark matter recoiling from a Narrow Jet at 13 TeV
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Monodek
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://arxiv.org/pdf/2107.13021.pdf
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What could be causing this
signabure?

o Many theories bevomd SM eq. Dark matter, Invisible
Higgs decays, Leptoguarks, ADD(extra-dimensions) etc,

DM scenarios

q X q
X
K <
Z Y
q X q ‘H

Stimplified DM Simplified DM Invisible Higgs Leptoquark
Spm-wl mediakor SPELM:“O mediator cleamjs

Grraviton(ADD)
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What could be causing this
signabure?

> Standard model processes which have this event topology:
o Z+jeks: Z(~>v)+jets — main irredicible bikg, Z(->LL) minor bkg,
o W+ jeks: lepton not identified or reconstructed
o y+jeks: y mis-measured or undetected
e Top: Suppressed bv using bjet vetos

o Diboson: WWWZ,ZZ—one c&e&avs leptonically, other kac&romcauv (WZ around 70%
decay to Jets)

o QCD: small fraction have largqe MET but overall rate of QCD events is large (large
meaning”™ 1077 see the xsec # baﬁwu,[a slide.most of pp are QCD)
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Data/Simulation comparison for 2017/201%
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Resulks: Dark Matter simplified models

137 fb~ 1, 2016-2018 (13 TeV)
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Axial Vector: For ~ 1 GeV DM, exclusion upto 195 TeV for the couplings specified

Pseudoscalar: For ~ 1 GeV DM, exclusion upto 470 GeV for the couplings specified
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Resulks: ADD and Lep
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ADD: fundamental Planck scale below 107(2 extra dim.) ko 8.2 TeV(7 extra dim.) can be excluded
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Mono-Light 2

Underqoing review
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> ~1 CreV scale darke 2 d@.&ajs primmitv
to Light quarks (ui, dd)

> The boosted Z’ has some interesting
prap@.r&es:

@ Narrow cone
ﬁompa\red o an

o 2 prong object

QCD fek
e Swall # &km‘géd Par%iti.es e JE

> Free parame%ers: Darlke makter
mass(m, = 1GeV — 1TeV), mediator

mass(TeV scale), Z' mass o= 1|

g, = 0.25

V/A = vector/axial wediator
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LM& e s E E;MS VAY LapLes
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Sensitivity comparison

varZ_det_Op5_sig_like

MonoJet like — process yields 2018
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Sum MATY

Several new ijsi,&s models exytor@.c{ using Mono-Jet search

In Mono-Z' search, using special properties of the jet to get
sigm&f&&o\mﬂj improved resulks using Machine learihing
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Y= tenakic Uncertainties

V\ Tramsﬂf@_r nfa&%ors 0%'\ simutaﬁmm basec&
| processes

— Tk@ﬁ\'t} .
| QCD: Fact. & renorm, scales, Pt shape & process dependance, ™ » Thenly
PDE ' ‘T‘op pr reweiqght, Top norm,

’ EW: Effects of unkhnown Sudakov Llogs, Missing NNLO effects, Dibosoifagiied £W-QCh carr,

Effects of NLL Sudakov approx. Diboson norm,

Other: Unfactorized mixed QCD-EW corrections * Z(LL)+J@.E$ norm,

I— Experimental

| Luminosity, e- & MET trigger,

i Jet/MET energy calibration,

| u- ID, reco & iso eff,

| e~ reco and ID eff. ,

| b-jet velo, QCD,

_f Fake muons, Jeb-to-e- falkes,y-to-e-

' fakees
Abhishileth Matta\m?a\ui
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¥ Experimental

e~: Trigger, Reco efficiency, ID eff, veto
u-:, Reco eff., ID eff., Isolation eff., vebo
y=: Trigqger, ID eff., Pr scale

,: Other: MET Trigger, T- veto, prefiring



Setting Limiks on Signal models

4 ‘ ‘F(Q/ H) Ty Qobs
> No significant excess in data compared to the expected. So we L7

my
set Limits on signal strengths for different BSM scenarios JQ [Line

obs

> Some terminology:
A pdf of test statistic

o p value: probab. of getting value more extreme than observed for a given value of 1
o Likelthood: 3(7) x p(data | 7) IO 0 | 6)
where Likelithood parameters - (V, ) and

constraint term [1( G O‘ 0)

—— ¢

j = Parometers of interest, § = Nuisance parameters,

—>
0, = Measured/Mmominal value L dne

—2In—— <0

L(0,6,)
o Test statistic used : Profile Likelihood ratio - L(u.0,) ;

M —21n = =g <y

L(i,0)
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ekbting Limits on Signal

o We use the ClLs eribkerion CL: = CL.b/CLt

+2¢ Expected

- +10 Expected
—— Expecte

—@— Observed

£
©
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©
C
S}
=
£
—
o
32
0
o

where Clsp= p value under sigrbikg hypothesis

and Clp= p value under bwg... omi.j hfjpaﬁkesis

100 200 300 400 500 600 700 800
M eq (GEV)

o A sighal hypothesis with a given p is excluded ot 96% CL f CL; £ 0,08

o Con use asjmcfﬁo&ic approxima&iom or generate &‘}v datasets to qget the
tesk stakistic diskributions

® In the exclusion plots, green bands ~ % 10, yellow bands ~ %20

variabtion in the MPPQT’ Limaiks -- AsymptoticLimits ( CLs ) --
Observed Limit: r < 10.8183
Expectea 2.5%: r < 7.0537
Expectea 16.0%: r < 9.8108
Expecteda 50.0%: r < 14.5625
Expected 84.0%: r < 22.3988
Expected 97.5%: r < 33.5971
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Darlke Mabbter Models

@ DM has not been observed in any P&r%ide
experiments so far except maybe DAMA-LIBRA
experiment(but this result is not yet confirmed)

o Possible signatures of DM at CMS include:
Missing Transverse Momentum(MET),
Disappearing tracks, Metastable charged

Par&&tes ete.

Effective Field theories ‘Simpu&eci Models

18, :
— ) Ay, qysq
ﬁ% By

Y, =V2m,lv, v=246GeV

(Vacuum expectation value
of SM Higqs boson)

UV Complete Models

~ More parame&ers

less p&rame&ers ; | S B ISR, | R R e e Y

4
S
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Exkra s pace Fimme dime

> Hierarchy problem in SM - difference in
strengths of gravity and the other forces

p Thearv Praposeci bj Arkani-Hamed, ‘D&mopui.ous,
Dvali(ADD) suqqests gqravitons could be
escaping into other dimensions making gravity

2 d+2 pd
wealeer M Pl & MD+ R
> Signal parameters: Mp, ~ 10"°GeV
o d : number of extra dimensions T\
R ~ 107~ 7 cms
D

& Mp : (Fundamental Planclk scale in 4+d dim)
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Leptoguark(LQ)

LQs : hypothetical color-triplet bosons[can be spino(scalar LQ) or spinl{vector LQ)]
Predickted bv mainy extensions to SM egq. Grand Unified Theories(GUT),
technicolor schemes, composite model s,

Fractional electric charge , Baryon and Lepton number

Existing experimental Limits on flavor changing neutral currents and other rare
processes disfavour leptoquarks coupling to more than 1 SM generation

Here we cownsider scalar 1st qeneration LQ, also assume B=BR(LA->ue )=0 making BR(LQ-
?MVQ):].

Sighal Parameters: L& mass and coupling value of L@-quark-neutrine vertex

Abhishileth Matta\m?a\ui
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Darlke M &E& er

o Strong astrophysical evidence for Dark Matter eq. Rotation curves of
galaxies, gravitational lensing, Cosmic Microwave Background
radiation, bullet clusker etec,

o There are alternative explanations for some of these phenomena
like MOND(Modified Newtonian Dynamics) but they dont explain all
these phenomena lilke DM does

o Rased on these evidences the prmyar%ies Ehabt DM possesses: Dark{no
electric charge or colour charqe), Massive, Stable(or Lifetime)

o What could DM be? MACHOS? Standard Model(SM) neubrinos?

o Some particles proposed as solutions to some other [arcwbi.ems . SM
are possible DM candidates eq. Sterile Neutrinos, Supersymmetry
scenarios, Axions

o Many experiments exploring different search strategies today

Abhishileth Mattamga\ui
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direct detection

Bullek cluster

iIndirect detection
_—p
DM

DM SM

e ——————
production at colliders
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Particle ' Xsei’:(pb) i “F’F""‘Z’;Oi ::j§§ dgr;dzji(“& proton - (anti)proton cross sections
| 140 fb~" = 140%10° pb”!
pp inelastic 8 10" 1.1%10° , -
pp elastic 7 % 1010 R EBLE Tevatron LHC
b 4% 108 5.6% 10" : — )
N 2% 107 2.8 %1010 é | s
z 6% 10 8 10 - 2
Top 10° 1.4 %108 WlET 120 } "
TP 7° 10 ZaGh
DM(Pseudoscalar) 0.007 =5 10° — 7*10° °ie'(ETM>1°°Ge\;) | g
DM(scatar) 0.001 -2 140 — 2.8 % 10° | 3
ADT 0.0009 — 1.15 126 — 1.6* 10 | O S
15k qen. scalar L@ | 0.001-0.2 | 140 — 2.8 * 10 - v
Mono-Light 2/ | 107°-15 |  14-32*10° |EESLEG GeV{

WwJsa012

These cross sections are calculated either at NLO or NNLO pQCD,

using MSTW2008 (NLO or NNLO) parton distributions, with the
exception of the total hadronic cross section which 1s based on a
parametrisation of the Particle Data Group.
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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riing model

Model prediction on test set (unbias), normalized

Bkg
Zprime

— loss
—— val_loss

1 1
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Predicted probability of being a signal event

Receiver operating characteristic (ROC)

True positive rate (TPR)

ROC curve for test set, AUC (area) = 0.880
random chance

Best thresold = 0.48804516

thresold = 0.7

thresold = 0.9

T

0.4 0.6
False positive rate (FPR)
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