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Why taus!

experimentally challenging

only leptons that decay in ATLAS /-

only considered in a \ PEed | Drong (TTY)
few ATLAS analyses 657% -
I 3 prongs (3TT)

s partially covered by light
lepton analyses
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 V5 =13 TeV
. -1 - .
Model Signature  [Ld:[b7'] Mass limit Reference
Géi, G—q¥) Oe,pu 2-6jets ENS 361 1.55 m(¥})<100 GeV 1712.02332
* mono-jet  1-3jets EMS  36.1 0.71 m(g)-m(¥})=5 GeV 1711.03301
2 22, —qa¥) Oe,u 2-6jets EMS 361 g 2.0 m(¥})<200 GeV 1712.02332
% g Forbidden 0.95-1.6 m(¥1)=900 GeV 1712.02332
B 3z z—qa(tOV] Se.u 4 jets 361 |2 1.85 m(¥")<800 GeV 1706.03731
o ce- 1t 2jets  EF™ 361 |2 1.2 m(z)-m(¥})=50 GeV 1805.11381
g 3%, 5—qqWZ¥) Oeu  7-1jets EMS 361 |2 1.8 m(t}) <400 GeV 1708.02794
3 SSe,u 6 jets 139 | & 1.15 m(g)-m(t})=200 GeV ATLAS-CONF-2019-015
< .
= gz, gV 0-1epu 3b EPS 798 |2 2.25 m(t})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |2 1.25 m(g)-m(¥})=300 GeV ATLAS-CONF-2019-015
biby, by—b¥) 0T Multiple 36.1 by Forbidden 0.9 m(¥))=300 GeV, BR(hT")=1 1708.09266, 1711.03301
Multiple 36.1 | B Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b{})=BR(t{})=0.5 1708.09266
Multiple 139 b, Forbidden 0.74 m(¥})=200 GeV, m(¥)=300 GeV, BR(:(})=1 ATLAS-CONF-2019-015
o o bibi, bi—b¥s — bhi) 0eu 6b  EMS 139 | B Forbidden 0.23-1.35 Am(E5,7%)=130 GeV, m(¥")=100 GeV SUSY-2018-31
xS by 0.23-0.48 Am(¥5.%])=130 GeV, m(¥})=0 GeV SUSY-2018-31
S G o _ . ) )
§..g fi, i > Wbt or 1t} 0-2e,pu 0-2jets/1-2b EY™  36.1 | & 1.0 m(¥})=1GeV 1506.08616, 1709.04183, 1711.11520
< g 7,7, [ —>WbY) Tepu 3jets/1 b EP™ 139 [ 0.44-0.59 m(¥!)=400 GeV ATLAS-CONF-2019-017
S5 i, h-oTiby, #1716 Tr+teut 2jets/tb EMS 361 f 1.16 m(71)=800 GeV 1803.10178
T £ Ah, Rk /e okt 0e,u 2¢  EPS 361 |¢@ 0.85 m(¥))=0 GeV 1805.01649
© o _ i 0.46 m(7,,&)-m(¥})=50 GeV 1805.01649
Oe,u mono-jet ET'™  36.1 h 0.43 m(7, ,&)-m(t})=5 GeV 1711.03301
iy, =1 +h 1-2e,pu 4b EMss 36,1 b 0.32-0.88 m(¥))=0 GeV, m(7,)-m(t})= 180 GeV 1706.03986
iy, h—i +Z Be,u 1b EFss 139 | § Forbidden 0.86 m(t))=360GeV, m(7,)-m(¥\)= 40 GeV ATLAS-CONF-2019-016
XX via wz 2-3 e, Emss 31 | @A 0.6 m())=0 1403.5294, 1806.02293
ee, i > 1 EPS 139 | X /X, 0.205 m&r)-m(¥})=5 GeV ATLAS-CONF-2019-014
XiXT via WW 2e Ems 439 | ¥ 0.42 m(¥})=0 ATLAS-CONF-2019-008
XiXY via Wh O-leu  2b2y EMS 139 | Xj/X; Forbidden 0.74 m(¥1)=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
= § VX vialy/v 2e,p Emss 139 | X 1.0 m(Z,7)=0.5(m (¥} )+m(¥Y)) ATLAS-CONF-2019-008
T, % . '?—rr/f’(l) 2 E?iss 139 [, FR,U 0467013 0.12-0.39 m(¥})=0 ATLAS-CONF-2019-018
PLrlLR, I—E0) 2e,p Ojets  EMs 139 |7 0.7 m(¥)=0 ATLAS-CONF-2019-008
2e,u > 1 EPS 139 |7 0.256 m(?)-m(t})=10 GeV ATLAS-CONF-2019-014
1H, H—hG|ZG Oe,pu >3b ENMS 361 i 0.13-0.23 0.29-0.88 BR(Y, — hG)=1 1806.04030
4e p Ojets  EFM  36.1 i 0.3 BR({) — ZG)=1 1804.03602
Q o Direct 1 X7 prod., long-lived X7 Disapp. trk ~ 1jet  EMS 361 | i} 0.46 Pure Wino 1712.02118
= % v Pure Higgsino ATL-PHYS-PUB-2017-019
2 § Stable Z R-hadron Multiple 3.1 |2 1902.01636,1808.04095
S 2 Metastable & R-hadron, g—qqt) Multiple 36.1 m(¥))=100 GeV 1710.04901,1808.04095
LFV pp—7r + X, Ve—eu/et/ut €L, eT,UT 32 | 1.9 A41,=0.11, A132/133/233=0.07 1607.08079
YEXT 105 = wwyzeeetvy 4ep Ojets  EMSS 361 m(t))=100 GeV 1804.03602
28, 8-q9%1, X1 - qqq 4-5 large-R jets 36.1 1.9 Large 17, 1804.03568
E Multiple 36.1 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
oc i, f—>r/\7(1), )?‘1’ — ths Multiple 36.1 m(¥1)=200 GeV, bino-like ATLAS-CONF-2018-003
fit, i1 —bs 2jets+ 2D 36.7 1710.07171
fifr, fi—ql 2e,u 2b 36.1 I3 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f, —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
*Only a selection of the available mass limits on new states or 107! Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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SUSY searches including taus in the final state

1r+1eut 2jets/1h E?iss 36.1 I t 1.16 m(7)=800 GeV I 1803.10178
o1 Emss 139 | ¥ L fRL] N0NE0/8] 0.12-0.39 m(t})=0 ATLAS-CONF-2019-018
€H,eTUT 3.2 Vr 1.9 A51,=0.11, A132/133/233=0.07 1607.08079
27 EF™ 361 | K% 0.76 mE)=0, m(z, #)=0.5(m(¥%)+m(¥))) 1708.07875
X1 1X;y 0.22 m(¥7)-m(¥})=100 GeV, m(, #)=0.5(m(¥} )+m(¥})) 1708.07875
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Direct stau production

ATLAS-CONF-2019-018

SR-lowMass

SR-highMass

2 tight s (OS)
asymmetric di-tau trigger
75 < EZ™ < 150 GeV

2 medium 7s (OS) , > 1 tight 7
di-tau+E™* trigger
E™ > 150 GeV

~ tau pr and E7"* cuts described in Section 5
light lepton veto and 3rd medium 7 veto
b-jet veto
Z/H veto (m(71, ™) > 120 GeV)
AR(Tl, Tz) < 3.2
[Ap (11, 72)| > 0.8

Final state with mty > 70 GeV

two hadronic taus
and
MISSINg transverse energy

- miss
My = min [max (mT,Tl (P17 A1), MT,7, (PT, 7, P — (lT))]
T
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Direct stau - SM backgrounds ATLAS-CONF-2019-018

real tau lepton backgrounds
MC simulation, validated in validation regions

10*
10°

one fake tau 10°
control region to normalize, validation region

10°

I 1T
L L

ATLAS Preliminary ! Pa

_ 1 =XSMTotal -~ " mG %)= (120,0) GeV
(s=13TeV, 139 fb B
pOSt'ﬁt I Top quark
U Z+jets
.~ Multi-boson
I Higgs

W+jets

Events

(IR

' llllll 1 Illllll

10

Wjets

=
two fake taus §
estimated in ABCD method -

multi-jet
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Multjet background estimation  ATLAS-CONF-2019-01¢

> L L L R

0 N \ _

O 20 A7LAS Preliminary ~ fdaa  NsMTow

ABC D M e_th Od E ~ {s=13TeV, 139 fb™ Multi-jet Wtjets -

§ 200 = Multi-jet VR-lowMass W Z+jets W Top quark

L E post-fit Multi-boson [ Higgs E

_— o ~0 - —

t Used for nominal 150 ¢ . 7)=(120,1) 6oV

i ABCD method - m@E ) = (280, 1) GeV

(myy, E;MisS) lowMass 100 N\ 1 7
[GeV] Used for validation f . .

and systematics - NI -

B s :

muliset L SR-lowMass : :

> , - - | ') """"""

(>70, 75-150) CR-A 030 35 40 45 50 55 60 65 70
my, [GeV]

MUIti-jet T Multi-jet 'Q [ I 1 I I I | I I 1 | 1 I 1 I 1 I 1 I 1 I 1 I 1 I I ] I I 1 |

(3070, <150) | YR-E ' VR-F 5 180 i + oM Totl

> - ATLAS Preliminary data 3 sl

160 = (5=13TeV, 139 fb" .M“'“'jet .W*iets -

L . 140 — g ) Z+jets Top quark —

Multi-jet Multi-jet kit vuti-boson [l :

(10-30, <150) CR B CR_C 120 — post-fit ulti-boson iggs —

100 E -~ m@@, ) = (120, 1) GeV

1 : > 30 = - —-- m(, 7‘1’)=(280, 1) GeV

Tau-id and charge . -

2 2 loose ts 2 tight ts (0S) 60 - E

< 2 medium ts (0S) 40 — N\ =

- —

. t="~="=r \‘:r\‘:‘n?‘.v‘:xmBE

0 20 40 60 80 100 120 140
ET™* [GeV]
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Direct stau - Interpretation ATLAS-CONF-2019-018

~*~.
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> 'I"'I'"I"'l"'l"'l\"'l"': TLTL_)Zth1
O 12 & ATLAS Preliminary ~ tdata  NsMTo ~
™ - Multi-jet Multi-boson -
< Is =13 TeV, 139 fb’ J . @ sl :
..g 10 SR-highMass W+jets .Top quark - (.2‘ 250 ATLAS Pre“mlnary SR'Comblned
o . . - — .
G g oo e = (s=13 TeV, 139 b N
: \ P - = . a6% GL - - - - Expected Limit (+10,,,)
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6 N ] 200 e i (44 ~SUSY
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: i s =13 TeV. 139 fb" Multi-jet Multi-boson ] 50
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CIN2/CICI| via staus to taus 708.07875

SR-lowMass SR-highMass
At least one opposite-sign tau pair
b-jet veto
Z-veto
At least two medium tau candidates At least one medium and one tight tau candidates
— m(ty, 1) > 110 GeV
mp > 710 GeV mry > 90 GeV
Di-tau-rE"}li * trigger di-tau+ET Iss trigger Asymmetric di-tau trigger
ET < 150 GeV ET™ < 150 GeV ET < 110 GeV
Wino 71 = 7L PT,r; > 30GeV PT.r, > 80GeV PT,r, = 95 GeV
PT,r, > 40 GeV PT,r, > 40GeV PT,r, = 65 GeV
real tau lepton
one fake tau two fake taus
backgrounds | . .
. . . _ control region estimated in ABCD
MC simulation, validated in =~ ., . |
L | validation region method
validation regions
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Interpretation

| 708.0/87/5

Events / 20 GeV

Data/SM
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 [ dt = (32— 139) fo! V5 =8, 13 TeV
Model £,y Jetst ET™ [Ldt[d] Limit Reference
L] L] LI I 1 L] 1 1 1 L} LI 1 1] L} L] 1 L] 1 LI I L] Ll L] 1
ADD Gkk + g/q Oepu 1-4)  Yes  36.1 Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
S  ADD QBH - 2] - 37.0 | Mu 89TeV n=6 1703.09127
€  ADD BH high 3 pr >1le,p > 2] - 32 | My 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
QE’ ADD BH multijet - >3] - 3.6 M¢n 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586
3 RS1 Gk — vy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp; =0.1 1707.04147
®  BulkRS Gkx - WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; =1.0 1808.02380
b Bulk RS Gk — WW — qqqq Oe,u 2J - 139 Gkk mass 1.6 TeV k/Mp, =1.0 ATLAS-CONF-2019-003
L Bulk RS gkk — tt le,u >1Db,>1J/2) Yes 36.1 gKkk mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP ey >22b,>23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMY) - tt) =1 1803.09678
SSM Z' — (¢ 2eu - - 139 Z’ mass 5.1 TeV 1903.06248
o SSMZ" - 1t 271 = = 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
ton Leptophobic Z’ — tt 1eu >1b,>1J/2] Yes 36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
Q SSM W’ — ¢y 1epu = Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SSMW -ty 17 - Yes 361 | W’ mass 3.7 TeV 1801.06992
CBU HVT V/ - WZ — qqqqg modelB O e, u 2J - 139 V’ mass 3.6 TeV gv=3 ATLAS-CONF-2019-003
O HVT V' - WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
LRSM Wk — tb multi-channel 36.1 | Wg mass 3.95 TeV 1807.10473
LRSM Wgr — uNgr 2 u 1J - 80 WR mass 5.0 TeV m(Ng) = 0.5TeV, g, = gr 1904.12679
- Cl gqqq - 2] - 37.0 A 21.8 TeV 1703.09127
O  Clttqq 2e,u - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt 2lepn 21b,21) Yes  36.1 A 2.57 TeV |Cat| = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
> Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q vy EFT (Dirac DM) Oe,r 14,<1)  Yes 32 | m, 700 GeV m(y) < 150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4TeV y=0.4,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 15t gen 1,2 e > 2] Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
Q  Scalar LQ 2" gen 1,2 > 2] Yes  36.1 LQ mass 1.56 TeV B=1 1902.00377
= Scalar LQ 3 gen 27 2b - 36.1 | LQymass 1.03 TeV B(LQY — br) =1 1902.08103
Scalar LQ 3" gen 0-1e,pu 2b Yes  36.1 LQS mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 | T mass 1.37 TeV SU(2) doublet 1808.02343
>0 VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
T o VLQ T5/3 T3l Ts;3 = Wt + X 2(SS)/>83 eu >1b,>21j  Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 = Wt)=1, c(Ts3 Wt)=1 1807.11883
:‘E g_ VLQY - Wb+ X 1eu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Wb)=1 1812.07343
VLQB - Hb+ X Oeu,2y >21b,>1] Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWgq 1eu >4]  Yes 203 [lQmaSENee0Gew 1509.04261
S ‘é’ Excfted quark g* — qg - 21: - 139 q* mass 6.7 TeV only u* and d*, A = m(q”) ATLAS-CONF-2019-007
Q S Excited quark ¢* — qvy 1y 1] - 36.7 q* mass 5.3 TeVv only u* and d*, A = m(q") 1709.10440
§‘<> g€ Excited quark b* — bg = 1b,1]j - 36.1 b* mass 2.6 TeV 1805.09299
W @ FExcited lepton ¢* 3e u — — 20.3 = A=3.0TeV 1411.2921
Excited lepton v* Se,ut = - 20.3 A=16TeV 1411.2921
Type |l Seesaw 1eu > 2] Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2 u 2] — 36.1 Ngr mass 3.2 TeV m(Wg)=4.1TeV, gL = gr 1809.11105
q“) Higgs triplet H** — (¢ 2,34 e, u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
=  Higgs triplet H** — (7 Beurt - - 203 |H**mass 400 GeV DY production, B(H;* — (1) =1 1411.2921
O Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
- v- = 13 Tev _f = 13 Tev L L Ll l 1 L 1 L L 1 L1 I L L L L L L L1 I L 1 L L
partialdata full data 10 1 10" Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

TSmall-radius (large-radius) jets are denoted by the letter j (J).
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B(LQY — br) =1 |
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-xotics searches including taus In the final state

2 SSMW -1y 17 - Yes  36.1 | W mass 3.7 TeV | 1801.06992

[3]



Exotic searches with taus - VW 1801.06992

final state with one hadronically decaying tau,
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Exotic searches with taus - VW
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Conclusions

taus present challenging final states in ATLAS
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