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Introduction

Many Beyond Standard Model ATLAS

extensions predict new
phenomena decaying in leptonic
final states

- Electrons and muons final
states provide low background and
high efficiency

- Excellent energy and
momentum resolution

Focus on:
* Excited lepton searches Eur. Phys. J. C 79 (2019) 803
* Dilepton resonance searches Phys. Lett. B 796 (2019) 68
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https://link.springer.com/article/10.1140/epjc/s10052-019-7295-1
https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub

Excited lepton searches
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Searches in ATLAS for excited electron in eejj and evJ final states
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https://link.springer.com/article/10.1140/epjc/s10052-019-7295-1
https://link.springer.com/article/10.1140/epjc/s10052-019-7295-1

eejj channel

Background contribution

_ eejj []
’ 2 Z/y"(— ee) + jets 79
Z/y"(— 77) + jets <1
e W(— ev) + jets —
e* 5 I/I_/(—> TV) + jets -
tt 16
q q Single-top 1
Fake electron 2
Diboson 2
egj) final state
2 High pt electrons (P.>30 GeV || Fake electron (+W+jets)
<2.47) — Data driven
Dielecton trigger (2e12 - 2el7) Z+jets, top and diboson from MC
2 or more jets (antiKT R=0.4 and P_>20
GeV)

Dominant background: Z+jets and tt
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Discriminating variables for background

and signal expectations
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I S e I eCti O n Massm, M, S Mg

200 500 450 none
Signal Regions varying with m_, (1010 2210 20 LEE0
M 900 450 900 1300
I 1000 1050
S.: Scalar sum of two electron and 1250 1200 1500
two leading jets 1500 400 1700
M, 1750 300 1350 1900
2000 2000
2250 1500 2100
Modify M, seletion (in Z peak) for 2500 110 1650 2300
CR,, control regions
eu final state for tt CR, control Yields
regions tt CR,,
Yields CR1 CR2 CR3 CR4 CR5 CR6 CRT CRS8 CR9 CR10
Observed 468 71 66 45 30 29 19 17 12 16
Background 470+ 20| 7148 66 £8 45+ 7 306 29+5 19+4 17+4 1244 16 £4
tt 390 £ 20 49+9 37+9 2247 1716 17+6 8+5 714 614 10+4
Single-top (Wt)| 51+2 | 142+1.0|187+1.2|151+1.1 7.51+0.7 7.5+£0.7 6.4+£0.7 | 56 0.8 3.5+£04 22+0.2
Diboson 29+8 8+2 10£3 8+2 5.1+ 1.4 4.8+1.3 46+£13 | 4011 2.8+£0.8 3.6+£1.0
Z[y« — 7T 0.8£1.0{0.07£0.02|0.04 £0.02{0.04 £ 0.02]0.020 £ 0.010{ 0.030 £ 0.010{ 0.05 £ 0.02] 0.06 £ 0.02|0.020 £ 0.010|0.040 £ 0.010




evd

W tagging with D=

1 High P_-electron (single electron trigger and
P_>65 GeV)
1 Large-R Jet (from boosted W) P_>100 GeV

Missing Energy: MET>100 GeV
Dominant background: W+jet
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ev) (Large jet) channel

Background contribution

evJ %]
Z/y"(— ee) + jets <1
Z/y (= 77) + jets <1
W(— ev) + jets 27
W(— 7v) + jets 3
tt 58
Single-top 6
Fake electron 2
Diboson 4
7127



I W Boson Tagger

SmoothWZTagger — Combination of m____and D,P=* Energy correlator
Two working points: 50% and 80% efficiency

ATLAS Simulation anti-k, R=1.0 jets ™ < 1.2

Truth

5=8 TeV Trimmed (f =5%,R_ =0.2) 350 <p =< 500 GeV
cuk Sk i

= 200

Multijets
(leading jet)

Déﬂﬂ ) Dm=n

Eur. Phys. J. C 76 (2016) 154
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http://dx.doi.org/10.1140/epjc/s10052-016-3978-z
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Discriminating variables for background
and signal expectations
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ev) (Large jet) channel

Signal Regions varying with m_,
hypothesis
M_"W: Transverse Mass of W

tagged Large R Jet and MET
Ad(e,E

T,miss) '

CR, Control Regions

Region | m’ interval | NPt m;}’*’ Agle, E—'_rrniss)
W-tag50
SR . 0 pass pass
pass
. W-tagR0
W CR f’li‘-| 0 pass N/A
Qe W-tag50
A - >1 pass pass
pass
W-tag 50 fail :
V & N/ g i
R W-tag80 pass /A pass pass

Sic
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eejj evJ
Ngo Ng' ovi [fb] O [fb] N3y NP ou [fb] o [fb]

SR1 | 120.3 | 107.975 }Eig g; 334 | 29970 g(j; §§§ 11.2 | 11. 3*3 f;%;{;ﬁ) 0.31 | 0317 33%3 ﬁjﬁ
SR2 | 30.7 | 35.07i%7(278) 0.85 | 0.9770%0T0 | 914 | 19.9759033 1959 | 0557010087
—9.3(15.6) —0. 2650 43% 57 1) —0. 1250 20;
SR3 | 27.5 | 28.7titi(2D) 0.76 | 0.807031069) 139 61 30, 9+7 15.9) 1 88 | 0.8670-20(0-45
—8&. 0(13 3) —0. 2QEU 37% lEG 6) —0. 14EO 213
SR4 | 18.1 | 2337 ;Efg‘% 0.50 | 0.6470 ngg ggg 23.5 | 15.975 gg;ﬁ;? 0.65 | 0.4470 ;ggg i}g
SR5 | 13.0 | 1677597 036 | 04679204 1 969 | 91, 1+7 O74) | 75 | 0587022048
8%7.9) —0. 1350 222 759 5) —0. IGEO 263
SR6 | 11.1 | 15.876:6(15:0) 0.31 | 04470150221 19,9 | 17,0580 | 055 | 0.4770 10023
4.6%7.5) —0. 1350 21% 958 .0) —0. 1350 223
SR7 | 17.0 | 145761039 047 | 04070070391 138 | 11.9T25H09 1 938 | 0.33F0 130030
4.2%6.9) —0. IQEO 193 QE5 4) —0. OQEO 153
SRS | 14.0 14.1+j'35é37;;” 039 | 039709 gg i’gg 17.1 | 119739 (;02)5) 047 | 03370 5353 ﬁjg
SR9 | 9.7 | 10973 ;12)” 0.27 | 0.3070 005D | 9.4 7.5+§ ggg 2; 0.26 | 0217 ;g(g fﬁj

SR10 | 7.3 | 11.17% S 020 | 0.317% 1(052) N/A N/A N/A N/A

. —3.3(5.4) . —0.09(0.15) / / / /

Observed and expected model-independent limits at 95% CM on
number of signal events and visible cross section
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~  ee*—eejj+evd expected + 26 3 -
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B w3 A il —— i " 1
15__ m,. > = :,:* 15__ N memmmmnn eon 359 fh 1 .
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\ b o : il — [ _____,_‘1}" ----- eegy T7.4 fb ']
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From PhysLettB799(2019)134990

Lower limits on A as a function of m, combined for
the eejj and the evJ channels.
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my,, = 2.75 TeV
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Dilepton Search@es

A q £
BSM extensions predict: 7' 1G™/ ><
q et g7 N

® heavy resonances decaying in

dileptons
P Results with 139 fb* (Full Run2 ~ signature

statistics) \

P Look for resonances in m_, and

muu mx\
Phys. Lett. B 796 (2019) 68 '
® non resonant searches
phenomena
®even more weird predictions (e. . ——— _

clockwork JHEP 1806(2018) 00 "’ g |

# events

I
dilepton invariant mass

k=500 GeV

— x BR x € [{b/GeV]

do

500 1000 1500 2000

28/01/2020
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https://link.springer.com/article/10.1007/JHEP06(2018)009
https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub

I Analysis Strategy

® Event selection
Two same flavor leptons 225 GeV <m < 6000 GeV

Example: my=1TeV, x/myx=1.2%

data distribution = ﬁnkg(mﬁ) + fsig(mﬁ) I oc o s ML
e e . WO
’ . — Convoluted signal shape .
b n 0.0006/— .
= : — x¢) I X P, log"(x) - ]
F =Zymygp) - (1 —x°) "~ x n ;
X = mff/\/;, n= 0,...,3 3.00022— —
I I | 'PGD ?é[] 3(;0 8;0 960 9-53-: Illl]IDIO 2 lrﬁiﬂ[ EU]DO
E 104 ATLAS _j ) )
= = s=13TeV, 139" 3 dBFeit-Wigner ® m,, resolution
0= Z
10 ;g e Data E E;
E Background-only fit : =5
1 ---- Generic signal at 1.34 TeV, I/m = 0% :
-------- Generic signal at 2 TeV, I[/m = 0% -
10—1 E - .=+ Generic signal at 3 TeV,I'/m = 0% : { * 3
4 WK .
= 2 b4 tp 4, 0 ! B
E Okt -{.++i+.+.+++i.+.+ JOTRIRE TR W TR STV T R VS S S .
28/01/2 & —3—”“ AR LT = 16 / 27
3 - :

3x10? 10° 2x10°  3x10°
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I Analysis Strategy

Main improvement wrt first Run2 Result
(36 h-1)

Using data driven background estimate
iInstead of MC based

o 14:_ " Electron channel
o% 1 21_"“"""_&----‘5---- — MC Total bkg.
r | MC Drell-Yan
I —MCTop - e
- 5 MC Diboson
0.8 .
0.4 _________ i A a) f

e e e

oi.z 0?3 i 1 2
. my, [TeV]
Huge relative stat uncertainty from
MC in low mass region
28/01/2020
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Dielectron Search Selection
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Potential sensitivity loss

without fixing the problem by
smoothing MC bkg predictions

17 /27


https://link.springer.com/article/10.1007/JHEP10(2017)182
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I Results

Local significance [o]

ATLAS (s=13TeV, 139" X I

ATLAS {s =13 TeV, 139 fb™
0-width resonance

FIIddd
ol s =

| From 0 width=
A to finite width

(e2)

5
4
3
2
”
0

’ -
.
4

_2;‘;’ : ST
< z
—4E- —llichannel
_5: I ; i it I3 I3 I3 I 0 i
3x10? 10 2x10° 3x10 35102 10° 2108
m, [GeV] m, [GeV]
Channel Excess Deficit
po o] mx [GeV] D'x/mx [%] | po [0] mx [GeV] T'x/mx [%]
ee 3.0 773 2.5 —3.2 1957 4.0
[L 2.5 268 2.5 —2.8 349 8.5
144 2.3 264 0 —2.9 1958 3.0

-

Interpretation of non resonant

search on going
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I Limits
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Generic limits for various widths, signal shapes and spin hypothesis
Generic cross section limits at I'Y'm=0.5%, 1.2% and 3.0% compared with

predictions of Z’ , Z' and Z'

Limits are interpretable for various

M

models - there’s a framework to

make it easy!
28/01/2020

Lower limits on m . [TeV]
Model ee JLL ol
obs exp | obs exp | obs exp
Z 41 43 | 40 4.0 | 45 45
Z, 46 46 | 42 42|48 438
Zsam | 49 4.9 | 45 4.5 | [EAEEN -




I Prospects
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How to improve? (1)

Eur. Phys. J. C 79 (2019) 375
Improving W boson tagger using ML techniques

e

=
TTTT

F — DNN W

L v BEDT W Vs =13 TeV
s 2-varoptimised Trimmed anti-k, A =1.0 jets
tagger ™8| < 2.0 _
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[60, 100] GeV W tagging

“High” Pt
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https://link.springer.com/article/10.1140/epjc/s10052-019-6847-8

I How to improve? (2)

Looking for tau in final states. More efficient tau id algorithms are
available (RNN) — Combine track inputs, cluster inputs and high level

inputs

51(]-’*2..~ 54{:[“}....,....,....,....,...._
2 i T aso0f  — RN ATLAS Simulation Preliminary 3
by 3 i F —=— BOT Ipreng medium werking pont 3
£ 10 3 ¢ 3000 p_> 20 GeV [ 3
2 : ¥ 7
= - v 2500 T 3
X 2 .
£ 10°E & 2000 —+— -
- —— RHNN (1-prong) =
i --- BDT (1-prong) 1500 B o e
| & Working points {1-prong) e -
i E  —— RNN (3-prong) 1000 3
E ----- EDT (3-prong) ek — * _.:
L = Wurl-ung pDII‘iTS :E-p rong) 500 +| a1
v NI FETEY FEUTE FPNTE FETTY PUUT PSS PRREY PR P S PRI DT (AP RR TIPS (T

0 D1 UE DE’- Cl4 ﬂ5 DE U? UE- DQ 1 Gﬂ 50 100 150 200 250
True 1, . efficiency Reconstructed 7, .. P [GeV]
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https://cds.cern.ch/record/2688062

I Conclusion

o No evidence of BSM physics in leptonic signature in ATLAS so far

u Analysis with leptons are pushing further the search area in the TeV
region

u Going from simple to more difficult BSM models

uIncreased collected data need change in analysis strategy

u Get ready for Full Run2 results and Run3! - Several improvements
» Better W boosted W tagger
» Tau final states (hadronic and leptonic)
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I BackUp
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