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5+ Gauge-Mediated SUSY Breaking (GMSB)

- This talk covers various prompt photonic and tau signatures, often (but
not exclusively) motivated by GMSB.

« A hidden sector breaks SUSY

- Standard gauge interactions transmit Hidden Sector,

- Gauge interactions are flavor-blind: —
no flavor problem

gauge
« Common Features: interactions
- Mass scale for the SUSY breaking
is much lower than mSUGRA
« The LSP is the gravitino VSSM
- NLSP determines experimental signature:

decays to its SM partner and a gravitino
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arXiv:1606.09150 3.2 fb! of 13 TeV data
Run 2 result!

% 10°E- ATLAS = (s-13TeV,32f"  -e-Data2015 %:
' (@) 4 [:3 m(§)=1500 GeV, m(7;)=1300 GeV vy 3
l ml 10 m(§)=1500 GeV, m(z-)=100 GeV |:| j +j EE
Diphoton + E£7™M'ss 2 1 o
£ 102 S
® ]
£ togt g
A diphoton + Et™ss search looking for gluino 1E fooodvm
: : : : 107" es amiiiil
production in a bino NLSP scenario 025 i
- other particles decoupled z 2 || |
. ~ . © 1te—oot¥r——"e—{--------~-~-~-~--- f------------
- binos decay to y+G with B.R. above cos20y, 8 o | \ \
" " 0 100 200 300 400 500
depending on bino mass ET [GeV]
* Main backgrounds are Wyy, Zyy, electrons faking > 1o°g e hmmmh <hum
photons (W, top), yy, and jet faking photon (y+jet, Z10'c i gl
d” et) 8 103 1 %5\,. '! mis-1D

[z

% ) stat.
>
LL
---------- &
E
s T e i
n
3 i
©
8 oo YT T
0 500 1000 1500 2000 2500
m« [GeV]

SUSY 2016 - July 5, 2016 3 plots w/o ET™SS or meft cut


https://arxiv.org/abs/1606.09150
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- Jets faking photons: n and pr-dep. fake factor
applied to sample with non-isolated photons

)7 Diphoton + E7miss
background modeling

Wyy: MC normalized to Wyy CR (yield: 7 events,
of which 1.6 background; data/MC s.f. 2.9 + 1.4)

- Zyy: MC normalized to cross section
yy: reweighted MC, match low Et™ss

electrons faking photons: fake factor
determined from Z events applied on ey sample

SR

Wyy CR

2 tight photons with pt > 75 GeV

Admin(jet, pF) > 0.5
Efrniss >

175 GeV

meg > 1500 GeV

2 tight photons with pt > 50 GeV
1 e or u with pt > 25 GeV
Admin(jet, pTiss) > 0.5

50 < EZ™ < 175 GeV

N(ets) < 3

Mey & 83-97 GeV
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[Run 2 result!]

: | arXiv:1606.09150

Diphoton + ET™SS results
* No excess found. Set limits using Source Number of events
profile likelihood and CLs QCD (yy, ¥j, jj) 0.05+0:20
, . e — vy fakes 0.03 + 0.02
- Model ind. 95% CL upper limit of 3.0 Wy 0.17 + 0.08
events on BSM (0.93 fb vis. cross sec.)  zyy 0.02 + 0.02
~ . . +0.22
- m(g) > 1650 GeV in GGM model with Sum 0-27%0'10
s00p T3 Production, §—aqz,~qa(1/2)G (GGM), yy+ET™ final state (g, e ?) = (1500, 1300) 8.0
= ATLAS | Obseved imit (1635 Data 0

o — L=32fb" js=13Tey = ~~~===" Expected limit (=1 0,,)

m., [GeV]

2500 [ Excluded at L=20.3 fb", /s=8 TeV

2000

« 3.2 fb! of 13 TeV data surpasses
reach of 20 fb! of 8 TeV data!
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Phys. Rev. D 92 (2015) 072001
20.3 fb! of 8 TeV data

Diphoton + Ermiss

In Run 1 also searched for wino prod. with bino NLSP »

Define two weak SRs, for high and low bino mass.

Similar background modeling. Jets faking photons fit
to low ET™ss region instead of using fake factor

~ L W/Z/h
« m(W) > 590 GeV in this model _ . ” ”
Signal Region SRy _p SRy _g
GGM: bino-like neutralino, wino production Number of phOtOIlS (ET [GeV]) > 1 (> 75) > 1 (> 75)
100071 o St (2 1 oS0 ET'SS [GeV] > 150 > 200
- ATLAS | . Observed limit (£ 1 o7, ) Hy [GeV] > 600 > 400
900  SRyanalysis | e Expected limit (+ 1 o, ) My [GeV]
- ‘/ng_TeV’ 20.3 fb” I Pmin (jet; EXS) (number of leading jets) > 0.5 (2) > 0.5 (2)
%' 800:— All limits at 95 % CL | i (75 EXIsS) > 0.5
©) T
gxw 7005 ------------------
B 600" . ' Signal Regions SRy L SR H
50 Of— Expected background events 2_04?%2% 1_0]4#?(;%%
- QCD 032035 022555
400 EW 0.64% 0.27 013$% 0.08
- VIV I 101$ 0.62 053% 0.34
goor——r o L L o L L 1z! $$" 007$% 0.04 013$ 0.07
0 100 200 300 400 500 600 700 800 Observed events 5 1
Mo [GeV]
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http://dx.doi.org/10.1103/PhysRevD.92.072001
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Phys. Rev. D 92 (2015) 072001
20.3 fb! of 8 TeV data

Photon + lepton + Ermiss

« In Run 1 also searched for wino prod. with wino NLSP
- W= and WP nearly mass degenerate: co-NLSPs p

. W decays to Wi+é, WO to Z or y+é, with BR to
photons approaching sin?0w for high mass

- Ht#ts, the scalar sum of the pr of jets, < 100 GeV p
significantly reduces ttbar y background

e Wy background dominates: fit in CR

with intermediate Et™ss and mt Signal Region SR SR/
Number of photons (Et [GeV]) >0 (>125) >0 (> 12)5)
e ttbar y and Zy from MC EMiss [GeV] ' > 120 > 120
_ HjTetS [GeV] < 100 < 100
® JetS faklng phOtOﬂS mOdeIed Number of leptons > 0 (e) > () (1)
. : M, — M| [GeV] (> 15)
using isolation template method Mf’z?i“ - o o
] ] T
e Electrons faking photons: MC with AR(Z.7) > 0.7 > 0.7

data/MC scale factor from Z—ee/ey
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Phys. Rev. D 92 (2015) 072001
20.3 fb! of 8 TeV data

Photon + lepton + E7MSS results

« Muon and electron signal regions treated

| ) _ h Ik |h Signal Regions SRY SR/Yf
Separate y and Comblned In t e likell OOd Expected background events 105+ 1.4 141+ 1.5
. . . Wy 6.7+ 1.2 8.8 £1.3
In GGM rrlodel with wino NLSP, exclude L4t o6 17107
Zy 0.0+ 0.0 1.2+0.6
124 < m(W) < 361 GeV Jet — y 15+1.0 12407
¢ Electroweak production, wino NLSP e >y 0.7+£0.2 0.8+0.3
L e L R L L Other sources 0.3+0.1 04+0.2

- Observed events 16 10

ATLAS — 95% CL Observed limit

-=== 95% CL Expected limit
95% CL Expected limit 1!
95% CL Expected limit 2 !

% . .
%é Production cross section

{s=8 TeV, 20.3 fb*

104 - Signal contamination in the Wy

CR limits low-mass reach

"l "l
SR and SR, analyses

10 3 3 + 0.70 fb and 0.30 fb visible
- 1 cross section limits in the
T . electron and muon channels

llllllllllllllIllllllllllllllllllllllll
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S Phys. Rev. D 92 (2015) 072001
r | 20.3 fb1 of 8 TeV data
4 Photon + (b-)jets + ExT™ss

Two additional analyses targeted models with
higgsino/bino admixture neutralino NLSPs

If u < 0, the higgsino/bino admixture can decay to a
real h + G or y + G (and at reduced rate, Z + G)

- for the photon+b analysis: y, M1 set so that the
ratio of BFs is 1.7:1 Higgs vs. photon

 If y > 0, the neutralino to Higgs decay is suppressed

- for the photon + j analysis: u, M1 set so that the
BFstoy + G and Z + G are 50% and 49%

« M3 (the gluino mass) is also considered a free
parameter in the model, though electroweak
production is also allowed.

- The particular signatures are also quite general:

results can be re-interpreted for other models
SUSY 2016 - July 5, 2016 9 Jovan Mitrevski
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Photon + (b-)jets + ET™ss backgrounds

Two SRs defined per analysis, targeting light or heavy NLSPs

e—y background modeled using fake factor on e + (b-)jets events

Wy, top+y background modeled with MC normalized to ¢ + y + (b-)jets CRs.

P

P
P

noton+jet analysis uses separate CRs for W and top.

noton+b does not distinguish fake photons;

noton+jets uses isolation template

For fake ET™ss, photon+b uses ABCD method, photon+jet a low Et™ss CR

Z (and in photon+jet single-top) + y from MC

Signal Region SR SR SRY SRY
Number of photons (Et [GeV]) > 0> 125 > 0 (> 150 1 (> 125 1 (> 300
EXiss [GeV] > 100 > 200 > 200 > 300
Ht [GeV] E > 1000 E > 800
Number of jets (number of b-jets) 2B (> 1) >3 (> 0 > 3 > 1°
Number of leptons 0 E 0 0
Mpp [GeV] 75B150 E E E
Mi;E?i“ (GeV] > 90 > 90 E E

A" inHet; EXS$ (number of leading jets) > O.,3 (2) > Q.S 4) > 04 (2) > 04 (2)
A" i Het; 3B E E E <20

“For SREj and SRE, the two leading jets are required to have pr > 100 and pp > 40 GeV, respectively.

SUSY 2016 - July 5, 2016 10 Jovan Mitrevski



g

m. [GeV]

Signal Regions SR{b SR{?
Expected background events 18.8 +£5.3 3.82 £ 1.25
e >y 32404 0.18 £ 0.08
W(— ¢v) 12.6 4.9 3.35£1.05
QCD 23+2.1 0.00 £+ 0.65
Z > 0.8+ 04 0.29 £ 0.15
Observed events 12 2

below a neutralino mass of
around 600 GeV, electroweak

Photon + (b-)jets + ET™ss results

production dominates

GGM: higgsino-Mutralino, u<0
T T T | T T T | T T T

- T
1600 - ——— Observed limit (x 1 csf;’esofy)
N | e Expected limit (+ 16,,))
1500 —
wol N\ e
1300 :_ """"""""""""""""""""""""
C ATLAS S0
1200 [ SR’ and SR analyses QA
L Vs=8TeV,20.31b"
1100 — Al limits at 95 % CL
1000 : 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 200 400 600 800 1000 1200 1400
m._, [GeV]
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Signal Regions SR{j SRQ
Expected background events 1.27+0.43 0.84 + 0.38
W4y 0.13+£0.12 0.54 £+ 0.28
.05 0.23
Z+y 0.037063 02115
it+vy 0.64 £ 0.40 0.05 £ 0.05
Single-t + y 0.06 £ 0.02 0.03 £0.01
¥ + jet (QCD background) 0.00fg.'gg 0.00 4+ 0.00
e >y 0.38 £ 0.10 0.00 = 0.00
J=r 0.0219 % 0.00%5 68
Observed events 2 2
GGM higgsino-like neutralino, u>0 mi? [GeV]
200 400 600 800 1000 1200 1400
B8O 7 1 1 1
1700 f_ ATLAS — Observed limit (+1 Gtsris;) _: 1700
- A === Expected limit (+10¢,,) 7
1600 — Vs=8TeV, 20.3fb 11600
- y All limits at 95% CL a
1500 [ SR, and SR, analyses _: 1500
= 1400 ;— ;1400 —
S 1300 . ?
20') — ] 1300 (.2.
1200 [~ . o
= ] 1200
1100 &= ]
- —1100
1000 — ]
900 - —: 1000
- IR N [ R TR TR AN ST N T N (" PR R T W N NI |—:900
800 200 400 600 800 1000 1200 1400
u[GeV]
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[Run 2 result!] 3.2 fb! of 13 TeV data
(paper to appear soon)

Taus
q n
- |f the NLSP is a stau, a signature with taus is observed ) y
* In minimal GMSB models with Ns = 3: at high tanf3 the & 4‘_/- G
NLSP is a stau, for low tanf3 degenerate slepton NLSP -7
~ 0]
- In this paper, look for such a minimal GMSB model with & S ol F_{ G
Mmes — 250 GeV, N5 — 3, S|gn(l.l) — 1, Cgrav — 1 P #
qa #

+ Also look at a simplified model that can cover many
other SUSY scenarios (including GGM):

* gluino production, two-step cascade

+ m(g) and m(LSP = x19) are free parameters
+ M%) = mx:*) = 1/2 [m(g)+m(x:9)

+ m(T1) = m(ve) = 1/2 [m(x1%)+m(x1°)]

SUSY 2016 - July 5, 2016 12 Jovan Mitrevski



Wi

- E7™iss triggered data (lowest unprescaled)

 Independent 1T and 21 channels (hadronic
taus), each with multiple SRs targeting
different scenarios

+ Top and V+jets background modeled with
CRs:

- 17 channel defines true-t and fake-t1
(separated by mT) top and V+jets CRs
(separated by b-tag), one set for High
and Medium, one set for Compressed

- 27 channel defines top, W+jets, and Z
+jets CRs with different numbers of taus
and muons

» Multijet background modeled with jet
smearing

SUSY 2016 - July 5, 2016 13

[Run 2 result!]

Tau signal regions and background modeling

17 channel Compressed SR Medium-Mass SR High-Mass SR
Trigger plateau ETSS> 180 GeV,pFt > 120 GeV
Tau leptons NMediM= 1 pT s 20 GeV

Light leptons N,=0

Multi-jet rejection L p(jety 5, b1 0.4

s < 45 GeV D )

Pt > 300 GeV ) > 220 GeV
P ) ) > 220 GeV
Niet . | 5 | 5

my > 80 GeV > 200 GeV > 200 GeV
Eimiss > 300 GeV > 300 GeV )

Hy b > 550 GeV > 550 GeV
2t channel Compressed SR High-Mass SR| GMSB SR
Trigger plateau ETSS > 180 GeV,pt > 120 GeV

Tau leptons NP°9Se> 2 pT > 20 GeV

Multi-jet rejection Ag(jety o, p™9) > 0.4

m3t + m3? 13) > 350 GeV | > 150 GeV
H+ b > 800 GeV | > 1700 GeV
Nie > 2 >3 > 2
ms5 > 60 GeV D P
mSu™ > 1400 GeV ) )

Jovan Mitrevski
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Tau results

~~ . ~ ~0 ~0 ~0
gg production, g — aquvy, / qqrry, / aqvvy,

| T T T | T
ATLAS

Preliminary

s=13 TeV, 3.2 fb™

1t expected limit
- == 2t expected limit

Tt+2t observed limit (=1 o,

==== Tt+2t expected limit (1 oexp)
ATLAS Run-1 exclusion —

B | | | | | | | | | | | | 1 | 1 1 1 | 1] 1 E 1 | :' 1 1 1 i
600 800 1000 1200 1400 160 1800
my [GeV]
GMSB: M,,,,=250 TeV, N,=3,1>0, C__ =1
B T ;’1 T T | T ;%I T | T I% T . | il%; T T I_
- i ATLAS! i s .
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— | | | —
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[RunZ

result!

1! channel Compressed SR Medium-Mass SR High-Mass
Data 47 11 1
Total background 42+ 6.2 150+ 2.4 57+ 1.2
Top 143+ 45 6.0+ 1.3 249+ 0.87
W (1#)+jets 121+ 1.3 2.78+ 0.62 117+ 0.33
Z(##)+jets 139+ 2.3 38+ 1.1 0.83+ 0.21
V+jets, other @4+ 0.90 144+ 0.32 075+ 0.23
Diboson 185+ 0.23 076+ 0.16 020+ 0.03
Multi-jet 0.74% 0.54 019+ 0.18 024+ 0.17
Sops (822 16.7 (184522 7.5 (9.7532 3.8 (6.1;%1
1" s ons [fD] 5.19 234 117
2! channel Compressed SR High-Mass SR GMSB
Data 4 0 0
Total background £2+30 32+12 0.69+ 0.24
Top 2553 0.87+0.78 020:9-20
W(!#)+ets Q51+ 0.38 175+ 0.65 031+ 0.14
Z(! )tjets Q04+ 0.02 013+ 0.06 004+ 0.02
Z(##+jets 028+ 0.12 007+ 0.03 002+ 0.01
W ($Htets Q37+ 0.34 012+ 0.07 002+ 0.01
Diboson 025+ 0.10 021+ 0.08 006+ 0.02
Multi-jet 0.21+0.21 007+ 0.07 006+ 0.06
s (S 8.2 (8055 34 (48,17 34 (3703
1" s ons [fD] 2.55 107 107

14
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N

EPJ C (2016) 76:81

%’ Stoptob+7+ G 20 fb-! of 8 TeV data

Focuses on models with a stau NLSP, where the
stau is lighter than a stop.

b %
« One SR for two hadronically-decaying taus 0 T
- Two SRs for one hadronic, one leptonic tau: low- t -z~ < G
mass (150-200 GeV) and high-mass stop -

- Two leptonically-decaying taus added by aNee- - G
reinterpreting a stop dilepton analysis P T
(JHEP 1406, 124 (2014)) h Y

* In all-hadronic T channel o _WeedcinRoTwteREotS=

- true T back. (and small two fake 1) from MC % GOO:FTLAS() :
- one fake T back. from MC fit to CRs T s =

S
[ Combination

- Multijet background from jet smearing E 00 -

300 |-

In lepton-hadron T channel

200 = A~

- top and W (fake and real 1) from fit to CRs | :

[ T T R B R R

- other backgrounds from MC 20 w0 40 w0 w0 700
m; [GeV]
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https://arxiv.org/abs/1403.4853
https://arxiv.org/abs/1403.4853
http://dx.doi.org/10.1140/epjc/s10052-016-3897-z
http://dx.doi.org/10.1140/epjc/s10052-016-3897-z

Conclusion and Looking Forward

* The Run 2 analyses are under way.

* High-mass states had huge gains already with limited data due to
the larger center of mass energy.

* Now is the time for even electroweak analyses to start being
competitive.

« Expect much improved reach in Run 2.

SUSY 2016 - July 5, 2016 16 Jovan Mitrevski
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Diphoton analysis systematic uncertainties

Table 3 Summary of individual and total contributions to the systematic uncertainty of the signal acceptance
efficiency. Relative uncertainties are shown in percent, and as the average over the full rangmgfiﬁg_ie)(grid.

Because the individual contributions are averaged over the grid only for that particular source, the avera
uncertainty is not exactly equal to the quadrature sum of the individual average uncertainties.

Source of systematic uncertainty  Value

Luminosity 2.1%
Photon identibcation 3.0%
Photon energy scale 0.2%
Photon energy resolution 0.2%
Jet energy scale 0.4 %
Jet energy resolution 0.3%
E™™ss soft term < 0.1%
Pile-up uncertainty 1.8%
MC statistics 2.3%
Total experimental uncert. 4.7%

SUSY 2016 - July 5, 2016 18 Jovan Mitrevski



_ 1 dat
ATLAS s=13TeV,3.21b % Sa':/'ailostat

Preliminary It channel [Jtop quarks
mEw — w
Bz — vv
JZ — o
—Jother

10% 10— 1T - T T T T

T I —
ATLA s=13TeV,32f" 28, 3
Preliminary 2t channel Dltop quarks
mWwW — v

102 _ |3z > vy —
= dZ - =

Ow > v
,,,,, other

10°

Events / 40 GeV
[N
OC.O
Events / 50 GeV

10 Ay

e,
ototes’
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1.5

e
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20000 R
0005 0%
000 R o S
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RN SN o’
o o A SIS
T B
RS e 3
SRS s
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aores s eatareseseterss
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K8
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200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200
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0.5

Data/SM
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Data/SM

o

(a) Hy distribution in the 1 channel (b) m7t + mi2 distribution in the 2 channel
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Tau analysis C

Rs and VRs

(17 channel, compressed)

Table 3: Selection criteria defining the control and validation regions of the Compressed SR in the 17 channel. The
pre-selection criteria are also applied although not shown in the table. Unless mentioned, criteria apply to both the
top quark and V+jets background regions. Symbols ' indicate that criteria are only applied to regions targeting the
top quark background, and symbols " denote criteria only applied to V+jets background regions.

17 channel True-tau CR True-tau VR Fake-tau CR Fake-tau VR

Emiss 180 < E™* < 300 GeV > 300 GeV | 180 < EM* < 250 GeV 250 < EM® < 300 GeV

my < 100 GeV <80GeV | 100< my <330GeV 100 < my < 330 GeV

Hy - > 400 GeV < 550'/400" GeV > 550'/400" GeV

o < 45 GeV < 60 GeV < 45 GeV < 60 GeV

Niet - "4 - "4

No et “1'/=0" “1'/=0 "1/ =0 "1/ =0

| pjety, pi™) > 1.8 - > 2.0 -

L p(7, i) - - > 1.0 > 1.0

ET"/ myg - - >0.2'/0.3" >0.2'/0.3"
SUSY 2016 - July 5, 2016 20
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A

+ Tau analysis C

L

Rs and V

S

A (11 channel, medium and high mass)

Table 4: Selection criteria defining the control and validation regions of the Medium-Mass and High-Mass SRs
in the 17 channel. The pre-selection criteria are also applied although not shown in the table. Unless mentioned,
criteria apply to both the top quark and V +jets background regions. Symbols * indicate that criteria are only applied
to regions targeting the top quark background, and symbols " denote criteria only applied to V+jets background

regions.
17T channel True-tau CR  True-tau VR Fake-tau CR Fake-tau VR1 Fake-tau VR2
Emiss - - - < 400" GeV -
my <100GeV < 100GeV | 100 < mp <200GeV 100 < mp <200 GeV 200 < mp < 330 GeV
Hy <550GeV > 550 GeV < 550" /400" GeV > 550" GeV < 550 GeV
- - - 400 < Hyp < 700" GeV -
pT - > 45 GeV - - -
Niet >4 >4 - > 4" > 4"
Npy_ie >1"/=0"  =17/=0 >1"/=0" >1"/=0" > 1"/ =0
Pt - - - < 500" Gev -
Ad(jet;, %) - - > 2.0 - -
Aqb(q-,ﬁTmiss) _ _ > 1.0 > 1.0 > 1.0
E™SS /o = - >0.2°/0.3" >0.2"/0.3" >0.2"/0.3"
SUSY 2016 - July 5, 2016 21 Jovan Mitrevski



R plots

Events / 10 GeV

Data/SM

(a) top true-tau CR of the Medium- and High-Mass SRs

. ATLAS

Preliminary

I
e data
228M =1o,
[top quarks
mwW — v
0z — vv
OdZ — =

[
s=13TeV, 3.2 fb™
tt channel
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Events / 20 GeV

ATLA

Preliminary

Vs=13TeV, 3.2 fb™
tt channel

—————
e data

22 8M =1o,,
[Jtop quarks
BwW — w
Oz — vv -
OZ — =
[Jother

RS

600
Py [GeV]

700

(b) V+jets true-tau CR of the Compressed SR
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A
] |

L Tau analysis CRs and VRs
(27 channel)

L
L

pr—

Kinematic CR | Fake tau CR True tau CR

W+jets Top | W4jets  Top | W4jets  Top Z4+jets
Trigger plateau ET™S > 180 GeV, pjTetl > 120 GeV
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Figure 5: Number of observed events, n,, and predicted background yields after the fit, n.4, in the validation
regions of the 17 and 27 channels. The background predictions are scaled using normalisation factors derived in
the control regions. The hatched band includes the statistical uncertainty and all systematic uncertainties in the
background prediction, and corresponds to the o, uncertainty used in the lower part of the figure.
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Table 3 Definition of the signal region (SRHH) for the hadron—hadron
analysis. The selections of the associated control regions for 7z and
single-top-quark (CRHHTop) and W+jets (CRHHW;jets) events with

sum
and mry

Stoptob + T+ G analysis CRs and SRs

one fake hadronically decaying tau, as well as the validation regions
(VRHHTop and VRHHW]jets), are also shown. The ¢ entering the mT;
variables is either a 1,9 (SR) or a muon (CRs and VRs)

Region Ny Ny Njet Nbp-jet Emiss Ap (12, pRiss) mt12(Thad, £) m3"™ (Thad, £)
SRHH 2 0 >2 >1 >150 GeV >0.5 >50 GeV >160 GeV
CRHHTop 1 1 >2 >1 >100 GeV >0.5 - [70, 120] GeV
CRHHWijets 1 1 >2 0 >100 GeV >0.5 <40 GeV [80, 120] GeV
VRHHTop 1 1 >2 >1 >120 GeV >0.5 <40 GeV [120, 140] GeV
VRHHWijets 1 1 >2 0 >120 GeV >0.5 <40 GeV [120, 150] GeV
CRHHQCD >22 0 >2 >1 >150 GeV <0.5° - -

2 For the multi-jet control region (CRHHQCD), no identification criteria are applied to tau leptons
> The A¢ requirement only applies to the sub-leading jet j»

Table 4 Definition of the signal region SRLM used in the low-mass
lepton—hadron analysis. The selections of the associated control regions
for top-quark events with true taus (CRTtLM), top-quark events with

fake taus (CRTfLM), and W+jets (CRWLM), and of the validation
region (VRTLM) are also given

Region Npje Hr/mess rite mra(be, b) ma(be, bhaa) mr (e, piis) mett
SRLM >2 <0.5 >0.2 <100 GeV <60 GeV - -
CRTtLM >2 - >0.2 <100 GeV 110-160 GeV >100 GeV -
CRTfLM >2 - >0.2 <100 GeV 110—160 GeV <100 GeV -
CRWLM 0 <0.5 >0.2 - - >40 GeV <400 GeV
VRTLM >2 >0.5 >0.2 <100 GeV 60—110 GeV - -

Table 5 Definition of the signal region SRHM used in the high-mass
lepton—hadron analysis. The selections of the associated control regions
for top-quark events with true taus (CRTtHM), top-quark events with

fake taus (CRTfHM), and W+jets (CRWHM), and of the validation
region (VRTHM) are also given

Region Nbp-jet Emiss Meff Hr /[ me mt2(bL, bThaq) mt2 (£, Thad) mr (L, piiss)
SRHM >1 >150 GeV >400 GeV <0.5 >180 GeV >120 GeV -

CRTtHM >1 >150 GeV >400 GeV <0.5 >180 GeV 20-80 GeV >120 GeV
CRTfHM >1 >150 GeV >400 GeV <0.5 >180 GeV 20-80 GeV <120 GeV
CRWHM 0 >150 GeV >400 GeV <0.5 - 20-80 GeV 40-100 GeV
VRHM >1 <150 GeV >400 GeV <0.5 >180 GeV >80 GeV -
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Stoptob + T+ G analysis results

Table 7 Observed number of events and background fit results for the
hadron—hadron SR and the two lepton—hadron SRs. Combined statis-
tical and systematic uncertainties are given. The uncertainties between
the different background components can be correlated, so they do not

necessarily sum to the total background uncertainty. A dash indicates
a negligible background contribution. The nominal expectations from
MC simulation are given for comparison in the lower part of the table

Channel SRHH SRLM SRHM
Observed events 3 20 3
Total (constrained) background events 3.1+£1.2 22.1 +£4.7 2.1+£1.5
Top with only true tau(s) 20+ 1.1 8.2+3.9 0.210
Top with at least one fake tau 0.9+0.5 9.8+45 1.2J_r}:‘21
W +jets 0.0110-2 22406 0.4+0.4
Z/y*+ets 0.0470:03 1.9+ 1.1 -
tt+V 0.04 £0.02 - 0.3£0.1
Diboson 0.14 £0.02 - -
Expected background events before the fit 3.7 25.8 2.2
Top with only true tau(s) 2.0 11.5 0.18
Top with at least one fake tau 1.4 10.1 1.1
W+jets 0.01 2.4 0.65
Z/y*+jets 0.04 1.9 —
tit+V 0.04 - 0.27
Diboson 0.14 - -
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