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Motivation

» In thermal cosmology scenarios with a bino LSP,
the annihilation cross section of DM particles
would be too small, leading to an
overabundance of DM compared to the current
constraints from cosmological measurements.

» The existence of another, nearly mass-
degenerate, SUSY particle that could co-
annihilate with the DM particle would improve
agreement significantly,

» Light staus could play role in co-annihilation of

neutralinos (m~0(100) GeV) leading to a DM

relic density consistent with cosmological
observations.



CMS: search for direct staus
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CMS: selection cont’d

Reconstruct the “transverse
mass” to get a handle on the
stau mass

Mr; = mm [max ( M M,(FZ)

(1)
Pr "‘PT =Pt
r \

)

scan on unknowns a known constrain

and eventually reduce the SM
backgrounds for heavy staus.
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CMS: search regions

Exclusively defined Enhance sensitivity for...
SR1: large MT2 and __ | signal models with larger stau masses
Ap(T, 1)

SR2: intermediate Mry,
A@(T,T) and E7**° but

signal models with smaller stau masses

large ), M,
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Ap(t,T) and ), My but
large EPHSS




CMS: background s
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* Main source: Non—prompt and | closure (Myo, [ ]
misidentified 1,4 X My cuts
inverted)

 Dominant background: QCD
multijet and W+jets processes

e Estimated using data-driven
methods — control regions
depleted of each background
type (SS/Isolated t-pairs)

* Second main background: DY modeling
Drell-Yan process, estimated (L events)

Data/MC

CMS Preliminary 35.9 fb" (13 TeV)

1000 —

Il DY +jets
Rare SM

Events/10 GeV

500

from data-corrected simulation DO e e
Y il , - 1



G [fb]

10
1
F  Left-handed scenario
] I ] ]
10700 200 300 200
m. [GeV]
T
¢ CMS Preliminary 35.9 b (13 TeV)
1 — — —
pp—T, T 1 M[féﬁ =20 GeV 95% CL upper limits 3
104 = NLO+NLL theory = s.d. — Ohseved _:
T 68% expected 3
ok S555s 0% expected 3
10F
1
E  Left-handed scenario
1 L L L L | L L L L | L L L L
10500 200 300 400

CMS: results
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ATLAS: search strategy

ff)?f and )(1 )(2 production

with 7 being a pure Bino and
Tia pure T

Target events with all-hadronic
T decays

2 signal regions based on m,
and EmlSS

Cover regions with Am()(1 )
77) =200 GeV

Main background: QCD
multijets from a matrix
method (ABCD)

SR “low-mass”

«  Di-t hadronic + EMSS trigger

large mp, and EFSS

SR “high-mass”
* Di-t hadronic asymmetric trigger

large mp, and EFSS
 highm(ty, 1))
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ATLAS: Exclusion Contours
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ATLAS: Exclusions

Landscape

95% CL exclusion limits on
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boson-mediated or slepton-
mediated decays

: S+ S0 S0
As a function of the ¥, ¥3, X3
and 7 masses
The production cross-section is

ot ot ~+ 0
for pure wino ¥1 ¥ and Y1 X2,
and pure higgsino )"('g)"('g

: analyses involving T’s

May 2017 ATLAS Preliminary {s=8,13 TeV, 20.3-36.1 fb™
—
=> - . - - .
(] | === Expected limits Observed limits All limits at 95% CL
(.2.1 5 [ XiX; = via /¥ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294
—_ 00 | — via |/ ¥ 2l arXiv:1509.07152
S B —— via %/ ¥, 2t, ATLAS-CONF-2017-035, arXiv:1407.03¢ e
- | — Via WW  2l, arXiv:1403.5294
£1000— %% —— via T/¥ 21+3), ATLAS-CONF-2017-039, arxw:1509.o7|52
i —— via WZ  21+3I, ATLAS-CONF-2017-039, arXiv:1403.5294
| via Wh  Ibb+lyy+F+3l, arXiv:1501.07110
~t ~F ~)
800X %/Xz — via %/ ¥, 2t, ATLAS-CONF-2017-08ged
B %:y(;} —— via T, 3l+4l, arXiv:1509.07152
600 __mTL',W = 0.5(m i:) +m ETJ—CZig) .................
= ,/6"1“1\..-“‘" IS VL.
400— Qe e 3
= I P et N 1
- v . I
200 ;
I 1
! .
_ ] :
E 1
-—' N ey ]
800 1000 1200

—~t

m( % %o %y ) [GeV]



Svynopsis

Search for Supersymmetry in final
states involving hadronic taus

No significant excess is observed
in any of the signal regions in
both experiments

Interpretations as limits on the
production of (in)direct stau pairs
in the context of simplified
models

The CMS analysis is most

sensitive to the direct production
of left-handed staus.

ATLAS is excluding the production
of chargino pairs and mass-
degenerate charginos & NLSP
neutralinos with masses up to
760 GeV.
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1 Stau searches

—) Mass of lightest 37-generation sparticles, ¥* and
¥%should be ~2(100 GeV)

- arguments suggested by Naturalness to protect my from
quadratically divergent quantum corrections

— Models with light T are consistent with current
matter data from cosmological observations

- In the context of pMSSM EW productlon of direct
#'s becomes dominant if ¥* and ¥%are heavy (1! is
bino-like):

o(fL) ~ 270 — 0.5 b Simplified model with
) ~ 97—=021b stau mixing

mz ~ 100 — 500 GeV I =T7R, T2 =TL




Signal Regions

SR-lowMass

SR-highMass

mra = 70 GeV
di-tau+EF" trigger
ET" > 150 GeV
pr.r, = 30 GeV
Pr.r, = 40 GeV

at least two medium tau candidates

at least one opposite sign tau pair

b-jet veto
Z-veto
at least one medium and one tight tau candidates
m(r, ) = 110 GeV
mra = 90 GeV
di-tau+ET™® trigger
ET" > 150 GeV
pr.r, = 80 GeV
Pr.r, = 40 GeV

asymmetric di-tau trigger
E,‘I‘.““ > 110 GeV
pr.n, = 95 GeV
Pr.o, = 05 GeV

SR-lowMass (SR-highMass) to cover signal models where the mass difference between the C1/N1is

smaller (larger) than 200 GeV.

In SR-lowMass, only the di-tau+E T miss trigger is used

In SR-highMass events are selected with the di-tau+E T miss trigger or by the asymmetric di-tau

trigger
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Background estimate

CR-B and CR-C, events are
recorded using a di-tau trigger

multi-jet events in the controland
validation regions is estimated
from data after subtraction

of other SM contributions
estimated from MC simulation

CR-B and VR-E more than 86 % of
the events come from multi-jet
production

CR-Aand CR-C the multi-jet purity
is larger than 47 % and 68 %,
respectively

The signal contamination in CR-A
for both SRs ranges from a few
percent to 30-50 % for a few signal
models, and it is taken into
account in the simultaneous fit

ETmIss.!

Mg,

M{tln'ti}:
ﬂR{Tl,tz}

CR-A

VR-E

CR-B

Used for nominal

ABCD method
Used for validation
and systematics
T=C/B
e SR-D
T=C/B

CR-C

tau-id and charge



ABCD Definitions

CR-A |

SE-D» (SR-lorwhass)

CR-A | SR-D (SR-highMass)

di-tau+ET

T
= 2 loose tau leptons (35)

miT, T2) < 250 GeV
ARITI,T2) =15

rigger
2 medium taw leptons (OS5)

di-tau+E™ or asymmetric di-tau trigger
2 loose tau leptons (0S) = 2 medium taw leptons (OS5)

medium 1 tight tau leptons = 1 tight tau lepton
AR(T.T2) = 1B

E.']’!‘""‘ = 150 GeV E.:'r““" = 150 GeV E..'I’.“""‘ = 110 GeV E.;’.“""‘ = 110 GeV
T = 10 GeW mrr = 70 GeV mrr = 90 GeV nira = W Gey
VR-E | VR-F VR-E | VR-F |

di-tau trigger

I

2 loose tau leptons (35)

miT, T = 250 GeV
ARITI,T2) =15
Ef"™ = 40 GeV

50 < mrr < 70 GeV

= 2 medium tau leptons (OS5)

Ef"™ = 40 GeV
50 < mrr = TOGeV

=%

I

di-tau or asymmetric di-tau trigger
2 loose tau leptons (0S) = 2 medium tau leptons (0OS)
medium 1 tight tau leptons = 1 tight tau lepton
AR(T.T2) = 1B
Ef"™ = 40GeV E;"™ =40 GeV
60 < mrr =< 90 GeV 6 < mrr = 90 GeV

CRB |

CR-C

CRB | CR-C

di-tau trigger

I

2 loose tau leptons (35)

miTy, T2 < 250 GeV
ARITI,T2) =15
Ej'f‘""‘ = 40 GeV

2 < e < 50 GeV

= 2 medium tau leptons (OS5)

E7" = 40 GeV
20 = mrr = 50GeV

=%

M

di-tau or asymmetric di-tau trigger
2 loose tau leptons (0S) = 2 medium tau leptons (0OS)
medium 1 tight tau leptons = | tight taw
AR(T.T2) = 1B
ET"™ =40 GeV
10 = mrr < 60 GeV

E,j.”"" = 40 GeV
10 = mia < 60 GeV
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/ and Top Validation Regions

Z-NR Top-VR
at least one opposite sign tau lepton pair
tau pr > 50, 40 GeV
ET™ > 60 GeV
at least two medium tau leptons | at least one medium and one loose tau lepton

b-jet veto at least 1 b-jet
mrr = 10 GeV mtr = 10 GeV
meT top-tagged
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WW and ZZ Validation regions

WW-VR

£Z-VR

one opposite sign lepton pair
p pr =30 GeV, e pr > 40 GeV
jet veto
mgp = 50 GeV
E_‘I‘.““ =50 GeV
mry = 100 GeV
mr2 = 70GeV

two isolated leptons (e or y) with different flavor | two isolated leptons (e or p) with same flavor

mcT top tag veto

AR(L,6) < 1.5
|mpp —mz| < 15 GeV
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Systematic Uncertainties

Uncertainty Signal | Non-prompt/misID | Drell-Yan Top Rare SM
Tau Efficiency 11% 5% 10% 10% 10%
[so extrap. non-prompt T, - 28-35 - - -
Correlations non-prompt 1, — 8-13% - - -
Tau energy scale 2-12% - 22-34% 9-18% 7—=18%
Jet energy scale 1-5% - 12-20% 1-5% 4-10%
Jet energy resolution 1-4% - 29-61% 3-10% | 11-31%
Unclustered energy 0-3% - 12-17% 4-5% 3-10%
B-tagging 0.5-1% - 2-3% 11-20% 1-2%
Drell-Yan mass & pr - - 18-21% - -
Background cross sections - - 20% 20% 20%
Fast versus full simulation 1-30% - - - -




Limits at 0.95 CLs

| SKR1 | SR2 SR3
Non-prompt and misidentified taus | 0.68 T7 | 2.49 + 1.83 <1.24
Drell-Yan background 0.80" 0% < 0.71 < 0.71
Top-quark related background D.{]Efg%‘; 073 +£031 | 1.76 = 0.68
Rare SM processes 0.72+ 0.38 | 0.20+0.15 | 0.20 = 32
Total background 2.221“%:‘;';_ 4,35ﬂ:§§ 3.'?01“%:3%
Left (150,1) 1.25 £ 0.40 | 291 £0.59 | 1.53 £ 0.33
Right (150,1) 1.09 =026 | 1.27 = 0.20 | 0.74 = 0.17
Mixed (150,1) 1.04 £022 | 1.39 £0.27 | 0.92+0.15
Observed | 0 | 5 2
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