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Search for Supersymmetry in final states with two

hadronically decaying tau leptons at ATLAS

22 Abstract

A search for the electroweak production of charginos and neutralinos in final states with at least two hadronically decaying tau leptons
and MET is presented. The analysis uses a dataset of proton—proton collisions corresponding to an integrated luminosity of 36.1 fb™,
recorded with the ATLAS detector at the Large Hadron Collider at a centre-of-mass energy of 13 TeV. In additional, the prospect of the
search for direct stau production at the High Luminosity LHC with ATLAS detector with 30000 fb-! is performed.

Chargino and neutralino production

Analysis Overview Background Strategy Validation Regions

¢ Ifthe coloured sparticles are too heavy  » Reducible backgrounds: (fake taus) 3 .: 7S sy van Switon ] 30 farasty o S
for LHC, EWK processes will be +  Multi-jets: Data-driven ABCD method ..~ " E;‘““”e‘sli"”‘;s k§ S0 Y S e
. = E +iets op Quark3 .ﬂ_.c" 4 L op Quar Hets
domlnant. * W+jets: Semi_data-driven L%’ 10° % --I?i-bngoenrence point 1 ; L% 123 i -I-Di-bFo{:?err‘ence point 1 g
€ Light stau models are consistent with > Irreducible backgrounds: (real taus) " Fe—e, M 10 § R
current dark matter searches . Z+jets, Diboson, Top quacks "’1 TR 0 1
) ) S . i 1 =
¢ BRof C1 and N2 decay through staus «  MC simulation based estimation ot EERT 10 E
or stau neutrinos assumed to be 100%. > Combined fit of W CR, multi-jet CR A T A R ] S \ _
Free arameter: masses Of the . : g O 70 80 %0 § 085708090 .10\0 190 120 130" 140150
g P . » Dedicate VR for each process ™z G6V] i, [56V]
charginos and neutralinos. SN 471 N —— S Y B —
8 10 ATLAS Prehmmary_..Dma 3 SM Total g 10* EATLAS Preliminary - Data X SM Total 3
g 108 15 =13 TeV, 36.1 0" [(OMulti-jets [ Z+ets ?_ 107 fs =13 TeV, 36.1 1" [OMutti-jets [l Top Quarkz
ABCD Method g 10° neies WTopcuary g Mziets [Hweiets 3
"'>J 10* ———I— ;Zg:ence point 1 "'>" 10° --I— g::er:ence po?nt1
> Four exclusive regions by two sets g -
of uncorrelated variables 10 j 1
» Np/N, = N/Ng L Dbt 2102: ;
. . . 2 . 2 4 @ 1 S SN 3
> VR fOI’ Val|dat|0n and SyStema“CS § O3 35 4 5 6 7 & ¢ 0 & 00 20 40 60 80 700 720 140 160 180 200

My, [GeV] My, [GeV]
Signal Region Used for nominal s ZZVR(eeorp) 107 ZZ VR (ee e “_”}. e A \nAnas
E,miss, ABCD method _ 10 —A TLAS Prehmmary ~Data §SM Total % ATLAS Preliminary __ Data %SM Total 3

3 3
& &
My, Used for validation o 104 F {s=13TeV, 36.1 fb" 3 = - 15 = 13 TeV, 36.1 b o k_
. ’ d mati =z E- T 'E NG Dib op Quark3
| SR-highMass [ SR-lowMass | M(x,,T,), S 2 Diboson [ Top Quark P iboson [ Top ;
- - c 3 [ = 3 f .
di-tau+E"™ trigger | asymmetric di-tau trigger | di-tau+E"™ trigger AR(wv) CRoA | T=CiB NenRs 2100 lzﬂets Wrjets g 10 Hzsiets [ Weiets
i iss is = ) - E - Reference point 1 --- - Reference point 1
E’rlplss > 150 GeV E'li"me > 110 GeV E?hs > 150 GeV 10? - Reference point 2 10° - - - - Reference point 2
prr, > 80 GeV Pro, > 95 GeV Pr7, > 50 GeV
PT.o, > 40 GeV PTo, > 65 GeV PT.r, > 40 GeV TecB 10
at least one medium and one tight tau at least two medium taus VR-E —) VR-F 1
M(t,12) > 110 GeV 1
mr2 > 90 GeV mr2 > 70 GeV 10 .
at least one opposite sign tau pair CR-B CR-C s 2¢ e g Jid = 2 4=
j T 1 RORNNRESR X S SN 2 1k B e o
b-jet veto S ok N Y g B TR
Z-veto 8 %0 80 90 100 110 120 130 140 150 & 80 100 120 140 160 180 200 220 240
tau-id and charge My, [GeV] m,, [GeV]
-hi SR-lowM _ 1‘56'—’2 WF)—’Z “"x iji“i»fvfﬂ V), € r)a xrt( VI, TE, 2 X W o 2 x v
- SRehighMass . owhlass ; SM process SR-highMass | SR-lowMass = S  F I SRS R
8 10 ?ATLAS Preliminary - pData 3 SM Total E é: ATLAS Prellmlnary_.. Data 3 SM Total diboson 10+08 50120 G 450 ATLAS Prellmlnary SR hghMass —: 3 ATLAS Prellmlnary SRhghM s / SR-lowMas .
o [NTRTVIIN Ay et Weets | g 10° FST 13 TeV. 36 " OMultijets = Wriets 3 ‘;/ ot 0.7+ 0.5 184 1.1 & 4oo [ V513 TeV, 36.1 " — opsenveimite135) 4 £ 0T 54310y, 361 0 Observed mit (:10}5)
5100 [ z+jets M Top Quarkd » Mz+ets M Top Quark] et :t+0 26 S m=(m, )2 W Expecie R (<1 O} E - e (mrm;.V2 I Expocta fmit (1 ”)
‘g B c 5 1 IOP 0.03 —0.03 1210 350 m,. mi& Observed limit 2T arxiv:1407.0350 500 — m m Observed limit 27 arxiv:1407.0350 |
o - i ] 5] Di E . o E . . E
2 L . _IE)l_bgg:;r:ence ot S 10 iC I-bgi?er:ence ot 1 Z+J'et's 0.6 +0.5 0. 6tgg 200 £ Allimits 1 88% 0L B cer2 i (1035 Gev) 3 E Al imits st 95% GL I =27 (1035 Gev) E
E - - - Reference point 2 - - - Reference point2 multi-jet 1.3+1.1 43+40 B ]
‘ 10 = SM total 37+ 14 14+6 20 E 1
10 e Observed 5 10 200 3 E
1L N Reference point 1 11.8+2.8 11.6 £2.6 150 = 3
1 - -z E Reference point 2 11.4+26 10.0+2.1 100 \ 3 ]
1 =
, B 5 L. L 0.3 0.5 i E ]
. = - 3 50 —
5 1k 3 b N T Expectcd s [fb] | 0.17+008 0.3170-12 TE 1 1.
T R A R I s 003 008 AR Lol I
8 ; 8 £ : 95 . ‘
8 O30 8 045 70 110 150 190 730 Observed o, [fb] 0.20 0.26 300 700 T 20 300 400 500 600 700 800 _ 800

m. rn [GeV]
M, [GeV] m.. [GeV]

€ The stransverse mass mT2 defined as: » Direct stau search very challenging > Cut and count method based on MC estimations.
m2 = min [max (m1.z, (P17, qr). M7, (P10 P — @) ) | in Run 2 due to low cross section. » Expected limits based on Zn with different

» Only one scenario(100, 0) excluded systematic uncertainty are given(2l,
in Run 1 using MVA techniquel?.

where mT is :
mr(Pr. gr) = V2(prgr — Pr - qr).
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