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MVotivation

A minimal SUSY solution to the hierarchy
problem requires light stops

Thel’e |S no (apprOX|mate) Gospel Church Choir Cats Cat Art By Tarafly
symmetry to protect the Higgs

mass from Quantum Corrections | |
Naively, the mass receives

quadratic corrections to
highest mass scale

The largest (quantum)
contribution comes from the
[fermionic] top quark loop - can
cancel with [scaler] stop loops

Copyrightf© 2011 DC Comics - from http://en.wikipedia.org/
wiki/Fil¥:Superman.jpg, see copyright information there.

Image from Flip Tanedo (Quantum Diaries) [
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The parameter
space of natural

1.

2

3.

SUSY is huge

Technically, natural SUSY is a
framework, not a model

The Minimal
Supersymmetric SM has
o(100) parameters

Mass Scale [GeV]

Simplifying assumptions

R-parity conservation
. stop Is the only light squark
ightest neutralino is the LSP

3

Three important
parameters:

stop

chargino

neutralino



We use simplitied models: Leading order

Targ et MOde‘S processes with 100% branching ratios

T b q N b 4
> | > } Off-shell
O % . D) : t x S
QO Complicated phase O § op QS
— 1 — i R
0. | space that depends on o | 9 On-shell
1 M Chargino _y
< s

Stop is (mostly) right-handed and

Most important parameter the neutralino is (mostly) bino
- sets the cross section 4



How ‘realistic’ is simple”
There are regions of the MSSM with t W 0
near unity branching ratios

S o ~0
| 7 - T X1
e 11212.3526: G. Belanger et al. Emewmsraie) RIght-handed top D Ly
i 9005— ol 0.8 . 9005 0.9 q
800 ' 06  800F 0.8
e bino | Higgsino 04 700f 07 b q
- | SP | LSP L »
5005 o 5000/ 0.5
4002_ /‘i -0.2 4002 0.4
3002— P »’ z 0.4 300; 0.3
20 Of—,/ //,,./ ------------------------------------------------------------------------------ -0.6 200F 0.2
7 -0.8 = ~ 0.1
100:_//I/.,...I....I....I....I....I....I.. 100;._../|/";...|....| T N R S R . /
VI‘IOO 200 300 400 500 600 700 ! 100 200 300 400 500 600 700 0 1404'7554' S D m OIO OU/ OS,
" . K. Howe, and J. March-Russell
The neutralino field content is important i T SMOUKK excitations [
. . . ~ale N = 2 SUSY superpartners
in part for the top polarization
Z/
—» impacts acceptance through the ~ ey
momentum of the top decay products Ganginos + iggsinos
1/2R ~‘2‘eV — } Ist/2nd family sfermions

A\
N\

Another motivation: Maximally Natural SUSY:
gluinos are heavy and it look likes simplitfied models —

This is hot tThe MSSMI ~few 01TV 7, gy

--------- possible gravity sector LSP

tr.rR, 0L R

~ 0.7TeV




Not happy with simple”? , ,

-t
. . . W
We will also consider asymmetric decays where tl, - %)
S - - ~0
BR(b+chargino) + BR(t+LSP) = 1 TN X1
but BR(b+chargino) < 1 & BR(t+LSP) < 1 p q
b q
We also will study the impact of the stop mixing
(impacts top polarization and acceptance)
t, (707 GeV) B €Ca ' ?
e R o Ohaip Still not happy”
TTT Sase g, 3N
(26%) 88/78/'1“ }9’773// .
1,° (335 GeV) — iy, Just for you, we also considered a
Hg) S | WTE%) scan in the pMSSM*
x3° (314 GeV) W (dose h (1h%) —
b\(30%) N Z(2%) W%%) : : :
v v Z (23%) - (R-parity conserving MSSM subject
t (13%) W (15%) h (9%) ;E;’ﬁ; tO expeﬂmenta”y mOt|Vated
x,(189Gev) T v S R constraints - 19 parameters)
t (2%) z*(EO%)
v v i v

x,° (171 GeV)
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1307.8444: Authors listed (%)
*Thanks to the work of M. Cahill-Rowley, J.L. Hewett, A. Ismail, and T.G. Rizzo



S ealrC h St rate g y Top Pair Branching Fractions

46%
1 lepton channel: optimal mix of cross

section and background rejection

t+ets 15%

(1) Preselection
-Reach the trigger plateau

-Remove most multijet events 15%

15%

(2) Discriminating Variables "dileptons"

-Robust techniques to isolate the signal
Many designed specifically for this search

Credit: DO Collaboration: http://www-d0.fnal.gov/
Run2Physics/top/to ublic_web pages

-Combine variables to form signal regions (SRs)

(3) Background estimation

-For the dominant backgrounds, define control regions (CRs)
-Estimate systematic uncertainties

(4) Results

v


http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/

Preselection Trigger: (Single Isolated e or 1) or E™

£ 5 100 GeV >24GeV@HLT >80 GeV@HLT

-Exactly one isolated e or u with pr > 25 GeV
-No other e or u with pr > 10 GeV

-At least one b-jet @ 70% efficiency
-At least four jets (anti-k; R=0.4)

2 Ry | Detector characteristics
Muon Detectors Electromagnetic Calorimeters = Width:  44m
-

Diameter: 22m
Weight: 7000t

Solenoid \\ CERN AC - ATLAS V1997
: \ Forward Calorimeters

End Cap Toroid

= Inner Detector y A ol
Bare! Toroid Hadronic Calorimeters Hieicing



SRs target particular regions of phase space

b ¢ i,
D h \ 2
. “b+chargino’
! -’ ~ =0 v =+
- Xl Xl """"""""""""""" /\/1
- ~F 3
-E ) Xl X? AM \ 4 Y
1
D WO ¢ am| | | ! v 70
b q : (a) (b) ) (c) (d)
p B ¢ p B W v
tl v tl -~ ~0
t1 q LR O\
p i AW q
q & /,'v@ b 14

P SN R T
~0 Q \H > v O b -t g
m(f,) < m(Xy) ,* N Xs\ QQ N S t1’ _ %4 20
100 A 7( v Y’ o - -
/ 2 AT EoKw
S 1
T &m RN D t g

4body’ “Sbody’ “taLsP’

0 - — T >
0 mW)+m(b)1gg o 200 9 300 m(f,) [GeV]




Two main discriminating variables

Transverse Mass

mr = \/2 . ph. - ERSS ( — COS Aqﬁ(é pmlss)).

For semileptonic tt , mr < my

8.,:L ATLAS oData ]
= [ (s=8Tev, Ldt=20fb" [t E
210" E Preselection CJW+ets 3
C - ]
0108 === m{t,x: x)= (550,300,150) GeV (0x100) []Single top J
w F []Diboson 3
107 - m(f,x%)= (500,200) GeV (0x100) WZiets =
10% & | QY 4
' V) Total SM 3
i o -
12— B
10
’
=15
n
o 1
IS
00.5E,

=400
m. [GeV]

1Ltop 2L top

Even though our signal has 1L,

after m_, background mostly 2L 19

Events _{ 20 GeV
Q,

—_
o
o]

ETmiss

[ ATLAS ~e-Data
= (s=8TeV, [ Ldt=20fb" Lt :
E Preselection [JWiets 3
:g---- (1x x9)= (550,300,150) GeV (ox100) [1Single tOp?-
: [C]Diboson 3
L - m(t,x9)= (500,200) GeV (ox100) Wzets =
Bl itV 4
PATotal SM 3

WM%M \t o gt

100 150 200 250 300 350 40 450 500

¥ ET*[GeV]

b ¢ "\

_ - = = X1
=< - ~0
e Nt A&V
11 " %%
p q
b q

Main Backgrounds:
(dileptonic) ti
W+jets



There is an my, for you!

Transverse mass is a powerful variable because
it takes advantage of the targeted topology

There is a class of variables which generalize the
transverse mass to multiple invisible particles

mr2 =  min_ {max(mrg, MTs)}, . |
qTa+qTo=D1"° Missed
Particles

With the appropriate choices of
Mg, these variables have () (1)

endpoints for the background

11



M+, for the stop 1L search

After E;™°° and mr requirements, dominant background has two leptons

Q
3
-
N

Events / 10 GeV

Endpoint: ~Myo

-l -l
o o
~ [e]
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: t
Lepton
(U o
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S ~ []Diboson 3
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- v 3
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8ol ATLAS Data ]
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c - - . ]
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E V) Total SM =
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10? | !:
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(D . b 7
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mt, [GeV]



: ' : : Jet
Includlrjg 3§solut|on Ipformatlon. Covariance
Significance Variables

Mis-measurement can induce large Ef™*

This motivated the E7™*° significance:
E/mss/Uncertainty(,759)

It Is common to approximate
the uncertainty as ~ 0.5 x v/ Hy

We can improve this by using known 1 and
- dependent resolution functions for jets

7Miss -Shameless self promotion-
Fmiss) — 0 o Stomaess st pamcion._

HmISS _ { y
DS | Generalizes to any
T

‘kinematic variable "

where H;™® is the vector sum of all SR \
See 1303 7009
(BN and C. G. Lester)

measured identified objects
13



Many other discriminating variables have been
developed to suppress the two Iepton backgrouna

', /—/adronlc T0,0 Ma SS ‘l j TopneSS 1212.4495: M. Graesser and J. Shelton
| -dileptonic ¢t has no hadronic top - | One lost lepton; reconstruct the event by |
| (Mg — Tuep)? (M5 — mw)? t j minimilzing a x2 kinematic compstibility

} 7Tthad-op = AGMIN, > T2 ‘ with the dileptonic hypothesis

= 1T T T | 1T 1T T | 1T 1T T | 1T T 1 1T T T | 1T T T
- ATLAS -o- Data

'/—/ao’ron/'c Taus: reconstruct and veto'

?

GCJ108'§_ y _ =

. | & F Vs=8TeV, [Ldt=20fb [t E

{ T candidates: 1-3 tracks & Q; X Qigpton < O 1 10" Preselection [JW+jets
'- £ 1063 == m(t,x: x%)= (550,300,150) GeV (0x100) %[S)'Eg'e top

3 E - iboson 5

A BDT based on track and calo ] 1052_"'m(tv><?)f (500,200) GeV (cx100) Wzdets

orientations for rejecting QCD jets - was |\lOre ‘top-like’ BTV

Total SM

{ Isolated Tracks Quas x Qiepion < O

j Reject events with a well-isolated Hard - :
Scatter (HS) track with pr > 10 GeV é 1%%%;%%%%/%«#%
t Isolation: no HS tracks with pr > 3 GeV in AR < 0.4 §  C05F———gffdgpagf

y topness = In(min(y?))



High stop mass = Boosted Tops

Hadronic Top Mass breaks down When the pr of the tops is high

T | T T T T T T T T | T T T T |—

> FT T : :
8 [ ATLAS ~Data | enough, |ets begin to merge
250 ys=8TeV, [ Ldt=20fb" ml; 7 gn. | I I
@ | Preselection [JW+ets ]
72001 .. m(f,x)=(700,1) GeV (o x 100) Sgligifofp_: AR 2/77/,0 !
: = W z+ets | For pT1toP ~ Mmstop/2, AR ~ 1 for
1501 B Y ~
I B : Total SM 1] mstop ~ (00 Ge\/
1001 222 - <o00F N | T
/’ g . 52002_ ATLAS +Data E
S0P "/’ 7/ ] 2180F ys=8TeV, [Ldt=201b" O
";__. T ' ] %60:_ Preselection [JW+jets -
.—'_'_l—- '._‘; - . []Single top 1
— e, 140 m(‘x (700,1) GeV (o x 100) . -
21_5 =|=F'|-|ﬁ-|—|—!— » / Yk - [ ]Diboson 7
w ,% 1201~ B Z+jets
E 1#}// %/4%% ///’%% 4 ool — IV
Qo055 . . . w277 ___HATotal sSM 7
50 100 150 200 250 300 80/~ L Sl
Large-R jet mass [GeV] - —+— 7,:, """ == ]
. . . 60 4 ; —
Use R = 1.0 anti-k; trimmed jet mass 40 T i //,
(fcu’[ = 005 Rsub = 03) 205_" e E
. S15 BARERRATE
for  powerful hadronic top W/Mwﬁm//&wﬁ%@%
mass discriminant G 05t 1 d

O 0.5 1 1 5 2 2 5 3
A¢(subleading large-R jet, pT *%)

The direction of the large For SM, second top is leptonic,
radius jets is also powerful 15 which is close to the pimiss




Compressed Spectra: Low E,Mss
Signal Resembles the Background

Recover sensitivity by fitting the shapes of kinematic variables

. Exploit subtle
N\ differences

Bin the relevant distribution(s) with bins
chosen to have a distribution of S/B

We have used 2D shape fits using
my; and one of E;™ss or am,

16



t+Neutralino SRs

A highlight; for more details see the paper

A
R S & Large radius
N jet mass

Tighter Kinematic Selection _>

17



b+Chargino SRs

A highlight; for more details see the paper

veto b-jets

Signal bCa_ low, bCb medl, bCc diag bCd bulk,

Regions bCa_med bCb med2, bCd _highl,

bCb high bcd high2

[
b 1
Jets from initial Py
state radiation (ISR) »
______________ \ AN XI
AM l )
am| | Spft Leptons ! ! I
(a) (b) (c) (d)
Multiple High Tight Kinematic
p b-jets Selection
Large my,

For low che}rgmo—neutralmo Additionally, a shape
mass splitting, use soft fit in am, has an

leptons: pr > 6(7) GeV for e(u) inclusive sensitivity
18



Background Estimation



BSackground Estimation

_g -—
F Vs=8TeV, Ldt=201b" [

E Preselection [JW+jets 3
0% m(thX x2)= (550,300,150) GeV (ox100) [ Single top ]

=
3
—=
- ~ []Diboson 3
10° = m(t1, %= (500,200) GeV (0ox100) .Z+jetS =
=

=

Events_{ 10 GeV
o

—very SR has two

dedicated Control R
Regions (CRs) iy e
for data-driven .
estimates of the 3o
dominant backgrounds 40

m; [GeV]

W+jets CR: invert
i My < My, |
~ b-veto instead of b- tag

Top CR: invert
mr< My

QCD multijets estimated in the data
20 by loosening lepton isolation



Shape Fits:

—very shape fit
has regions which
‘act’ like CRs

In the fit, they
are treated like
all other bins

Can normalize per

E."* bin to

maximize sensitivity

(Trade off syst for stat
uncertainty)

GeV|

| IS |

1804)

Background Integrated into

-1t

-1
\s=8TeV det=20fb ATLAS
I SM (fit) tN_diag
Observed
m(t1, x)) = (350, 150) GeV
235 + 34 152 + 20 236 + 29
140 201 21(163 929|217 45
295 =+ 50 136 + 22 98 + 13 T
190 313 111117 11/101 18 o)
1720 £ 161|767 +£80  |684 £ 79 N
1712 768 647
o | E— 1 21
ST ES0 PR E DS TSI E S0 ,, . "
3462 2018 2543 ,O CR
o—————— 11 2 ’-:,
617 i411081i 33 |I742 442 “W CR " é
1647 1081 1742 =
2 6 T
6C == ,_‘3‘,“"“"'—‘—,"‘, RSN TS o
100 125 .150
s [GeV]
21



Data-Driven Validation: ¢t Z (— VV) from ttﬂy

Except for neutrinos and their mass,
the Feynman diagrams are identical

At high pT, boson mass irrelevant so
the yield of one can predict the other

—
o
&

§IIII|IIII|IIII| IIIIIIIIIIIIIIIIIIII §
- ATLAS Simulation .

i @:8TeV,det=20fb'1 o
= ttZ (inclusive) =
= Truth Selection 3

Events / 20 GeV
=Y

"7ty

-
o

w
T

—
o

N
I

10E

1 00 150 200 250 300 350 400 450 500

Boson P, [GeV]
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Qo
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Events / 50 GeV
~

D
o

a

i

N
o

w
o

N
o

—_
o

—

o

Data / SM
=1 '01 Iy '01

O

r\>

| | T 1T T T | T T T 1 | T T 1 | | T T 1 | T T T T
TLAS -e Data
_on [ty
— Vs=8TeV f L dt =20 b I Waets
tty Preselection |:|tf

Total SM

104 events with

+

over 70% purity!

%

3 A Mamaes e IR . ,,
F I
| 1 1 Z

150 200 250 sogmiss 350 400 450 500
Er = EI™ with photon added [GeV]

Define new mt and E{™S variables
with the photon treated as invisible

Many theoretical and experimental
uncertainties should cancel in the
extrapolation to the SR



Additional Valigdation

Jet veto + mpp < 80 GeV

>100:I T T I | I T T | L | T T 1 I
G . F ATLAS , _e- Data
90__ A tf
S F |s= 8TerL\t 20 fb %W P
~ 80k .. + 3
2 S0 W+HF VR W
© 70F I []Single top =
L - : ]
600 { []Diboson =
- Bl Z+jets
50 i ttv 3
- /) Total SM
- E
307 3
20 ( i 3
106 @ ¢
c%1_5 e e B s e i _;
s w%///////////////// i
© -
00.5kt | | | | =

Beyond LO radiation in

dilepton top events

W+Heavy Flavour

140 160 180 200 220 240 260 280 300

ET° [GeV]
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-.(L) :I T | L | L | L | L | L | L | L T I:
S10°L ATLAS —e— Data _
o E _ _ -1 tt E
W F Vs=8TeV, | Ldt=201b CIWsjets

10°E  ew Selection ] Other -

Total SM 3

\
§
AW

05 |||||||||||||||||||||||||||| 1
Jet Multiplicity

taus and Isolated tracks
show generally good  §




R@S U H:S 95% Confidence Level

reminaer for reading Line: Observed Limit

exclusion plots T Band: Signal Theory Uncertainties

Line: Expected Limit
Band: All other Uncertainties

—1
% Not
G} B Excluded
—
A §
mstop [G@V]

Sets the cross section

24



t+Neutralino Results

£ production, T, > b £ % /T,—> Wb %, /T~ t%,

400 |

300—
250

0

20
Very off-
shell: 150
Soft
leptons %

I ! I !
ATLAS

f Ldt=20f" {s=8 TeV

miss

1-lepton + jets + ET

— Observed limit (x1 0

Expected limit (10

All limits at 95% CL

. 200

300

‘Stealt Stop’
Difficult to reach with
direct searches

500

m SO_I T | LI | LI | T | LI T | LI | T 17T
=~ | ATLAS e Data ]
S o5k Vs=8TeV,[Ldt=201b" ng o -
slusv G b tN_med Soter
theory) 20F ---- m(f,x9)= (500,200) GeV 7 Total SM -
F ---- m(,x%)= (700,1) GeV
) 15~ —> A
exp C
10__ 1 ]
e
SO L Dy .
0 L i==r==r1% ".'I'T": alini SEET
8 10 12 14 16 18 20 22 24
HT,sig
> C T T T T T T T T | T T T T T T T T | T T T]
§ 6 ATLAS ~ Data 1
0 \E:STeV,det=2Ofb'1 O
E - tN_boost %Ot;J:rS ]
S LE _ Total SM ]
m(t1,5ZZ)=(700,1) GeV -
sk T T rr(ﬂ,>~<1)=(650,1) GeV ]
]
C Potietiel Rl S W 7
S N S 5 R i
‘ 200 I !
1%%‘ 2 / %% ]
C L A
--l----- 1 I 1 1 I 1 1 1 1 1 1 1 1 /’LT%
50 100 150 200 250
Large-R jet mass [GeV]
800 .
Boosted top:
m. [GeV :
r [GeV] large R jets

Reach limited by cross section:
10 X top cross section
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t+Neutralino Results

£ production, t,— b £ %) /T,—> Wb ¥, /T~ t %,
;- 400 T | T | 1 | T | I | I | I
""""""" . SusY

(3 - ATLAS —— Observed limit (10 ) ]
Cix'- 350 — -1 . . ]
= i f Ldt=201b, \s=8 TeV - === Expected limit (=1 Gexp) ~
300/—  1-lepton + jets + ET"*° All limits at 95% CL —
250 )

200 A

\\‘

150 AN
o\
Y
100
50
o
ok | | T
400 500 600 700

m. [GeV]
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t+Neutralino Results

[GeV]

M_o

350

300

250

200

150

100

£.f; production, T~ b f %, /T~ Wb %, /T~ t7

T

l ' l '
ATLAS

f Ldt=201" {s=8 TeV

miss

1-lepton + jets + ET

— Observed limit (1o

- - -~ Expectedlimit (x10

T

l

T

All limits at 95% CL

-
‘ﬂ_.-
“e

v
A

v L
a“'"

B
¢
>

anv?

l

SUSY)
theory

exp)

200 300

400

500

600

\l

P

0 800

27

LSP mass [GeV]

Tt production, Tt 7(? /C )Z?

700 B | T T | T 11 | T 11 | T 11 | T T | T 11 | T 11 I I_
600 — - _
B \/g =8 TeV -~ - Expected ]
"ICHEP 2014 -

500 SUS-13-011 1-lep (MVA) 19.5 fb™ _|
[ == SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb ]

— == SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™ .
400 = SUS-13-009 (monojet stop) 19.7 b ( t—>c i:)) —
| = SUS-13-015 (hadronic stop) 19.4 fb™ i

- o i
300} o .
= A . _

- & A g
200 ' —
100|5 —
0 N\ a4 J'T,r' ol b L 1ol | |

100 200 300 400 500

Probably not: CMS
sees a deficit where
we see an excess



StOp M IXI ﬂg Nominal mixing: ~70% stop right Py ~ +1

tf, production, t;— t %? m_, = 50 GeV

2 X
g W~ T 111111113 Foralefthanded stop, Pt < 0O
IE' E ATLAS ééééftpalrprodcrosssectlon E'!— lllllllllllllllllllllllllllllllllllllll
| == Observed limit (mostly stop-right) 1 O _
fL dt =20 fb_1, \s=8 TeV = = = Expected limit (mostly stop-right) \2500'_ ATLAS /3 dt =4.7 fb _
10 - Observed limit (purely stop-left) — "g B single Iepton 7
S 1-lepton + jets + Em'SS Expected limit (purely stop-left) — q>J : \/_ =7 TeV E
All limits at 95% CL o w2000 7
1 T 1500
4 1000(F
107 =
= 3 500k
102 01" 08-06-04-02 0 02040608 1
= cos 9(¢")
T T I R NN SR N WA S SR N S 1 21 2-3526

i 650 700 750

250 300 350 400 450 500
m [GeV] 8lg

-rc g P_t=+1
|0 0.05— --P_t=
—P_t=-1

0.04 Lepton momentum anti-

aligned with the top:
softer pr spectrum

0.03

~ 50 GeV weker [imits
for the left-handed stop

0.02[f:

0.01-

(true for a range of neutralino I e v S
0 50 100 150 200 250 300 350

mass hypotheses) o8 p, (GeV)



b+Chargino Results To show 2D exclusions, need a

hypothesis 0N Mchargino = f(Mneutralino,Mstop)

Soft b-jet pr spectrum

N mmon form is f(X,y)=2x
3 jets (ISR) and veto b-jets One common form is f(x.y)

(Gaugino Universality)

T{t? production, ?1 — b+, X — w' )+§ZO, m_ =2 M.
1 1 1 X X1

> T T T T T T Teca buk T
o ATLAS é ch:di:lg _
= . A DbCb_medi
o f Ldt=20fb" {s=8 TeV v bCb_high
250 O bCb_med2 —
i :1-Iepton + jets + E_':iss f Egg:ﬂ:gﬂ; |
' y O
, e——, 200 o o
Why msp > 50 GeV? | | % =T _
LEP limit for N, .
. . W off-shell
| charginos is
~ 100 GeV
o L | o 4
300 " ; 700
. me [GeV]
ot ”mstﬁp ~ .mtop w EXplOlt Kinematic Hard b'jet o7 SpeC’[rum
off-shell, chargino acts as Shapes Require 2 b-jets with high pr

Looks like SM top! Fit in mr and amro Tight amr, threshold
29



b+Chargino Results To show 2D exclusions, need a

hypothesis 0N Mchargino = f(Mneutralino,Mstop)

Soft b-jet pr spectrum One common form is f(x,y)=2x
3 jets and veto b-jets (Gaugino Universality)
U)1 05 EI T | T T T T | T T T T | T T T T | T T T T | T T T T | T IE
s ATLAS —e-Data i
.. Vs=8TeV,[Ldt=201b" Ot I - L Y
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- c_diag ] Other . ;- 300 T | T | T X‘| X1| | T | T
- e v A Total SM - A ' bCd bulk
103 g_ ‘_m(t1,x1 ,X1)— (180,174,87) GeV _E 8 i ATLAS - bCC:dlag |
o T e . = § A bCb_med1
ot 1 & [rat=201", is=8 Tev v bCb_high
1 e o -
E oy . . miss aF — Ig 1
o __ ; % i 1-lepton + jets + ET o de_hlgh2
1 ;r 1 | 1 1 1 1 | 1 1 1 1 | 1 IiLJ J_ | Ll l el Ll J L
0 1 2 3 4 5
b-jet multiplicity
> 35__I T T T T | T T T T T T T T | T T T T | T T T T | T T T I__
& [ ATLAS —-Data -
Q30 Vs=8TeV,[Ldt=20fb" Ot ]
- [ . CJW+jets 3
1] C de_hlgh1 |:|Other ]
g F ---- m(T,x=x%)= (550,300,150) GeV  ZZATotal SM
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Hard b-jet pr spectrum =
Tight amro threshold — 30
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b+Charg|no Results To show 2D exclusions, need a

2R A R AR AR A ||| hypOtheSiS ON Mchargino = f(mneutralino,mstolo)

®
I

81 = ATLAS —~ Data

T 16 |s=8Te ’ — 20" Cli = )

3 14l boa_ﬂvvf”t or Sets - Another choice, f(x,y)=150 GeV

o F A Total SM 1 . .

i E: -+ m{t, 7 X0)=(175,165,145) GeV E (why 1507 Because > LEP limit)
8 - . .
U T | : [Many other choices for f in backup]
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1-lepton + jets + Em'sS v bCb_high ¢ bCd_high2

bCa_low/med use ISR in
the selection and so
limited to lower cross

sections (stop masses)
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Results: Mixed Decays Gaugino Universality:
Mchargino = 2 X IMLSP

~r~ ) ~ ~0 ~t o~ (*) ~0
t.t, production, t,— tx, /b Ay Ky~ W X, mi* =2 M.

; — T | T | T * | — | | ]

© x = BR{E— t %)

o 1 —X = Oo/o
o i f Ldt=201b", \s=8 TeV X = 25% i
m— X = 50%
300 . miss m— Y = /5% _
1-lepton + jets + E_ —_—y = 100%
Generate events r .
-= Expected limits == Observed limits All limits at 95% CL

with one stop 2%
decaying to bC

and one totN  **°

150
A superposition
of the 100% BR |
models give the

mixed models ° 600 Y
m.
b+Chagino SR optiized for t+Neutralino
Exclusion BR = 50% Exclusion

32 Continuous exclusion between simplified models



Resu
M. Cahil

ts: pPMSSM

-Rowley, J.L. Hewett, A. Ismail, and T.G. Rizzo

produced a large scan of the 19 parameter pMSSM

Models required to get mn~125 GeV, saturate
the DM relic density and have low FT.

~10k models with a
neutralino LSP

ignificance

We take a subset of 27 in ®"
three small mass ranges
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8 TeV ATLAS Stop Summary

ATLAS has a comprehensive
program in direct stop searches

t{, production, t,—» b /t>cZ > Wb, /t>t¥%  Status: ICHEP 2014

'>— 500] | ] | | I L L L ] | B I T 1 7 1 I | I 1 l:
8 ATLAS Preliminary L, =201"1s=8TeV L, =4.7 6" 15=7 TeV -
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Can the stop hide from a bias in My, 7
See 1410.7025: T. Eifert & BN 34

1406.9375

=. A W IR
s L ATLAS E
e F \s=7TeV,46fb .
% 35, \s=8TeV,20.3fb" ]
© =3 Expected limit £16 :
CCJ) 3 eS).(USY
D - Observed limit +1 Gtheory .
§ 29F § t—>tx m(x )1GeV =
E 2F i A ]
8 15: ........ _‘,,_.--"TOP :
5 o . Cross
o) e Trece RS . E
0l Section
" Ll 1l 1 Ll 1 l | l Ll 1 l Ll L l 1 Ll
170 180 190 200 210 220 230

m. (GeV]
ATLAS CONF 2014 056

o)
=
3 100
2
3 80
o
24
0 60
a
a
© 40

~.._Correlations

N
,o.'

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

ATLAS Prellmmary

= Observed

[ J-Ldt =20.3fb"

L Expected + 1 s.d.

. \s =8TeV

N Expected 2 s.d. m.o=1GeV
...... l,

"~ 77" NLO+NLL prediction

Top Spin

o

lAAAA P l

180 190 200 210 220 230

m: [GeV]



Prospects for 14 TeV

At the higher stop masses, we will gain
from higher cross sections and more data

ATL-PHYS-PUB- 2013 011

AF AS Simulation F Prel/m/nary !

—300 fb™! (<u>—60) 50 discovery
300 fb™ $<”>_60) 95% CL exclusion
—3000 fb (<M>—1 40) 50 discovery
3000 fb™ (<u>=140) 95% CL exclusion

=14 TeV

EATLAS 8 TeV (I-lepton): 95% CL obs. limit-|
JATLAS 8 TeV (0-lepton): 95% CL obs. limit9 * 58

=0 and 1-lepton combined ‘_‘::‘-:.‘.‘.‘..-.“ ""_ =
E_ ,‘\“ ““ K : _E
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cross section also mcreases, objects are
more boosted and formerly subdominant
backgrounds are now important



" % NS DL L L L L L |
Conclusions & % o
2501 \s=8TeV, [Ldt=201b" m

@ | Preselection [ W+iets
We have searched 3200 i )=(700.1) Gev (o 1oy TSN 9P
. i Diboson
extensively for a natural o 1 e W Zits
stop using the 8 TeV : e N

i ]Total SM

ATLAS dataset 100; E

We have developed 5°§-;__:--5 3 :
many new technigues to o anan =
search for stops in the s B + Jr =

range ~200-700 GeV e e m0 20300

Large-R jet mass [GeV]

e By T o — AN — o - =

{ Many reg/ons of S/mp//f/eo’ and
' not-so-simplified parameter space excluded

No evidence™ & OSlay tuned for 13 TeV
(yet) of SUSY results next year!

*For a meta-analysis of LHC SUSY searches, see 1410.2270: BN & 1. Rudelius
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Large Radius Jets

1306.4945

Jet mass squared = sum of the
constituent 4-vectors, squared
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Why low am+, for 3body?
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p I\/l S S I\/l I\/l O d e | S . Mass [GeV] Branching ratiob;}% R

R i A R . I
404 40 221 230 220 1073 | 0.09 0.01 0.09 0.81 0.00 0.53 0.96
404 44 324 445 325 471 0.16 0.00 0.00 0.84 0.00 0.98 0.99
407 46 368 372 367 1515 | 0.74 0.00 0.00 0.26 0.00 0.02 0.98
408 49 187 207 188 376 | 0.02 0.31 0.23 0.41 0.04 0.97 0.95
409 39 211 212 206 1768 | 0.05 0.24 0.02 0.68 0.00 0.56 0.95
409 49 180 190 179 795 | 0.02 0.22 0.17 0.59 0.00 0.99 0.94
410 40 232 253 234 427 | 0.11 0.25 0.00 0.64 0.00 0.96 0.97
410 43 387 396 386 889 | 0.88 0.00 0.00 0.12 0.00 0.01 0.99
413 42 197 367 197 385 | 0.03 0.10 0.00 0.85 0.02 0.95 0.98
413 45 373 406 374 508 | 0.32 0.00 0.00 0.68 0.00 0.99 0.99
414 45 194 440 195 453 | 0.03 0.14 0.00 0.83 0.00 0.96 0.99
416 45 394 397 393 1975 | 0.90 0.00 0.00 0.10 0.00 0.99 0.99
417 46 333 350 335 573 | 0.65 0.00 0.00 0.35 0.00 0.96 0.98
418 39 206 209 202 1779 | 0.09 0.0 0.28 0.59 0.00 0.47 0.95
546 46 292 310 292 520 | 0.02 0.28 0.24 044 0.01 0.98 0.98
47 46 346 374 346 500 | 0.12 0.49 0.00 0.22 0.16 0.93 0.98
550 40 225 235 225 760 | 0.02 0.28 0.24 0.46 0.00 0.98 0.96
b1 43 351 366 351 621 | 0.07 0.38 0.21 0.35 0.00 0.98 0.99
5H2 41 249 275 252 420 | 0.02 0.20 0.21 0.44 0.13 0.98 0.97
552 42 332 337 331 1496 | 0.05 0.47 0.35 0.13 0.00 0.99 0.98
HH2 43 346 350 344 1501 | 0.08 0.27 0.52 0.13 0.00 0.97 0.98
552 43 385 397 385 731 | 0.36 0.00 0.00 0.64 0.00 0.97 0.99
54 44 439 445 439 1007 | 0.21 0.00 0.00 0.79 0.00 0.99 0.99
HHd 47 279 287 280 933 | 0.04 0.54 038 0.04 0.00 0.97 0.97
5b3 147 169 444 168 455 | 0.31 0.12 0.00 0.27 0.30 0.07 0.93
554 151 195 207 191 1969 | 0.09 0.35 0.43 0.12 0.00 0.88 0.68
546 154 210 213 200 434 | 0.07 0.40 0.34 0.05 0.14 0.86 0.70

Table 1. Properties of the 27 selected pMSSM models. The table contains the masses of the stop,
of neutralinos and of the charginos, the branching ratios of the stop decays, the 5L content of the
t, ([T11]?, with T being the stop mixing matrix) and the bino content of the x{ ([N11]?, with N
being the neutralino mixing matrix).
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Soft Lepton Selections

bCa_low bCa_med bCb_med1 bCb_high
Preselection soft-lepton preselection, cf. table 3.
Lepton = 1 soft lepton = 1 soft lepton with pr < 25 GeV
Jets > 2 with > 3 with > 2 with
pr > 180,25 GeV | pr > 180, 25,25 GeV pr > 60,60 GeV
Jet veto - Ht 2 < 50GeV -
b-tagging > 1b-tag amongst sub-leading jets (70% eff.) | Leading two jets b-tagged (60% eff.)
b-veto 15 jet not b-tagged (70% eff.) —
Mpp - > 150 GeV
Emiss > 370 GeV > 300 GeV > 150 GeV > 250 GeV
EXsS /meg | > 0.35 > 0.3
mo > 90 GeV > 100 GeV
Exclusion setup: shape-fit
4 bins in lepton pr range [6(7), 50] GeV 6 bins in amry range [0, 500]GeV
Discovery setup
lepton pr < 25 GeV amTo > 170 GeV | amrs > 200 GeV
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b+Chargino Lepton Selections

bCb_med?2 bCc_diag bCd_bulk bCd_highl bCd_high2
Preselection Default preselection criteria, cf. table 3.
Lepton = 1 lepton = 1 lepton with |n(¢)| < 1.2 = 1 lepton
Jets > 4 with > 3 with > 4 with > 4 with

pT > 80,60, 40,25 GeV

pr > 80,40,30 GeV

pT > 80,60, 40,25 GeV

pT > 80,80, 40,25 GeV

b-tagging / veto | > 2 (80% eff.) with =0 (70% eff.) with > 1 (70% eff.) with > 2 (80% eff.) with | > 2 (80% eff.) with
pr > 140,75 GeV pr > 25 GeV pr > 25GeV pt > 75,75 GeV pr > 170,80 GeV

Emiss > 170 GeV > 140 GeV > 150 GeV > 160 GeV

mr > 60 GeV > 120 GeV > 60 GeV > 120 GeV

Exiss | /Hy > 6 Gev'/? > 5 Gev'/? >7 Gev'/? >9 Gev'/? > 8 Gev'/?

ammra > 80 GeV — > 80 GeV > 200 GeV > 250 GeV

Track, T7-veto track & loose T-veto — track & loose T-veto

AR(j1,%) - € [0.8, 2.4] N

Ag(jet, priss

> 0.8 (1%% and 2™ jet)

> 2.0 (15 jet), > 0.8 (274 jet)

> 0.8 (15% and 274 jet)

Exclusion setup

shape-fit in mr and am s,

cf. figure 9.

cut-and-count

shape-fit in m1 and amrs,

cf. figure 9.

cut-and-count

Discovery setup

test signal-sensitive bins.

cut-and-count

test signal-sensitive bins.

cut-and-count
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3body and

Mixed SRs

tNbC_mix 3body
Preselection Default preselection criteria, cf. table 3.
Lepton = 1 lepton
Jets > 4 jets with pp > 80,70, 50, 25 GeV > 4 jets with pp > 80, 25, 25, 25 GeV
b-tagging > 1 b-tag (70% eff.) with pr > 60GeV | > 1 b-tag (70% eff.) with pr > 25 GeV
Eiss > 270 GeV > 150 GeV
mo > 130 GeV > 60 GeV
amms > 190 GeV > 80 GeV
topness > 2 —
™Mjijj < 360 GeV —
Exss //Hr >9 GeV'/? > 5 Gev'/?
T-veto loose
Ao (jet,, priss > 0.6 (i=1,2) > 0.2 (i=1,2)
Ap(L, =) > 0.6 > 1.2
AR(Y,jet;) <275 (i=1) >1.2@G=1),>20 (=2
AR(L,b-jet) < 3.0 -
Exclusion setup | cut-and-count shape-fit in mr and amrs, cf. figure 6.
Discovery setup | cut-and-count test signal-sensitive bins one-by-one.
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top+Neutralino SRs

tN_diag tN_med tN_high tN_boost
Preselection Default preselection criteria, cf. table 3.
Lepton =1 lepton
Jets > 4 with pp > > 4 with pp > > 4 with pp > > 4 with pp >

60, 60, 40, 25 GeV 80, 60,40, 25 GeV | 100, 80,40, 25 GeV | 75, 65,40, 25 GeV
b-tagging > 1 b-tag (70% eff.) amongst four selected jets
large-R jet - > 1, pp > 270 GeV

and m > 75 GeV

Ag(jety =, pipis) - > 0.85
Emiss > 100 GeV > 200 GeV > 320 GeV > 315 GeV
mr > 60 GeV > 140 GeV > 200 GeV > 175 GeV
ammsy — > 170 GeV > 170 GeV > 145 GeV
Mo - - > 120 GeV -
topness — - - > 7
Mhad—top € [130, 205] GeV € [130, 195] GeV | € [130, 250] GeV
T-veto tight - - modified, see text.
AR(b-jet, £) <25 - <3 <26
B /\/Hy > 5 Gev'/? :
e - > 125 > 10
Agp(jet;, i) > 0.8 (i=1,2) > 0.8 (i=2) — > 0.5,0.3 (i =1,2)

Exclusion setup

shape-fit in m and

Emiss cf. figure 6.

cut-and-count

Discovery setup

test signal-sensitive

bins one-by-one.

cut-and-count
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Validation Regions
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Results

Region Obs.|Exp. bkg.| pg é\{)nso_n_ESi/;_ O(;VSI.S EE)( ]p
tN_med 12 |13.0£2.2(>0.5] 85 | 9.2 04| 0.5
tN_high 5 | 50+1.0(>0.5 6.0 | 6.0 0.3 | 0.3
tN_boost 5 13307017 | 7.0 | 53| 0.3 | 0.3
bCa_low 11 |6.5£1.41]0.08|12.2 | 7.8 [0.61]0.92
bCa_med 20 17+4 |0.33|14.4 (12.3]0.72{0.68
bCb_med1 41 32+5 [0.12|23.5|16.0[1.17]0.88
bCb_high 7 198416 |>0.5] 6.5 | 7.9 [0.32]0.22
bCc_diag 493 | 470 =50 | 0.27 |110.6]95.1| 5.4 | 4.7
bCd_highil 16 [11.0£1.5]0.09 | 13.2 | 85 | 0.7 | 0.4
bCd_high?2 5 444081036 | 6.3 | 5.7 ] 0.3 | 0.3
tNbC_mix 10 | 72+£1.0(0.13 ] 9.7 | 70 | 0.5 | 0.3
tN_diag
125 < Emiss < 150 GeV, 120 < mr < 140 GeV | 117 | 136 22 |> 0.5| 42.1 [55.7| 2.1 | 2.7
125 < ErTniSS < 150 GeV, mr > 140 GeV | 163 | 152+ 20 | 0.35 | 55.4 [47.8 | 2.7 | 2.4
Emiss > 150 GeV, 120 < mr < 140 GeV| 101 | 98 £13 | 0.43 | 36.1 [33.9| 1.8 | 1.7
ErTniSS > 150 GeV, mr > 140 GeV | 217 | 236 £29 |> 0.5] 58.7 |71.4| 2.9 | 3.5
bCb_med?2
175 < ammy < 250GeV, 90 <mr1 < 120GeV| 10 [12.1£+£2.0/>0.5| 7.3 | 88 | 0.4 | 0.4
175 < amry < 250 GeV, mt >120GeV| 10 | 7.4+£1.4|0.10] 9.7 | 7.3 | 0.5 ] 0.4
amTe > 250GeV, 90 < mp < 120GeV | 16 21+4 |>0.5] 9.3 [12.3] 0.5 | 0.6
ammry > 250 GeV, mt >120GeV| 9 | 9.1£16 |>05] 7.7 | 7.8 104 ] 04
bCd_bulk
175 < amms < 250GeV, 90 < mrp <120GeV | 144 | 133 +22 | 0.29 | 36.1 |33.9| 1.8 | 1.7
175 < amry < 250 GeV, mT > 120GeV | T8 73+8 [0.34 587|714 29 | 3.5
amrmo > 250GeV, 90 < mp < 120GeV| 61 66 6 |[>0.5]17.5[209| 09 | 1.0
amrs > 250 GeV, mt > 120GeV | 29 26.5+£2.6|0.34 | 14.8 |12.6| 0.7 | 0.6
3body
80 < amme <90GeV, 90 < mr <120GeV| 12 [16.94+28(>05 7.3 | 9.9 | 04 | 0.5
80 < amrs < 90 GeV, mt > 120GeV| 8 [ 84+22|>05 79 |78 04| 04
90 < amrs < 100GeV, 90 < mp < 120GeV| 29 3b+4 [|>0511.7]14.7| 0.6 | 0.7
90 < amrse < 100 GeV, mr > 120 GeV | 22 29+5 [>0.5(55.4(47.8| 2.7 | 24
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b+Chargino Results To show 2D exclusions, need a

hypothesis on Mehargino = f(Mneutralino, Mstop)

Another choice, f(x,y)=106 GeV
(why 1067 Because ~ LEP limit)

~*

11, production, T, — b X %, wt %? m_. =106 GeV

; B | | | | | | | | | | | | | | 1I | | | | | | | | | | | | | |
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b+Chargino Results To show 2D exclusions, need a

hypothesis on Mehargino = f(Mneutralino, Mstop)

Another choice, f(x,y)=x+5 GeV

T, production, t, = b %, X, — w' 7(? m.=m.+5GeV
;‘ 300 _I | | | | | | | | | | | | | 1 | | | | | | | | | | | | | |
> - N
O, o890 ATLAS — Observed limit (+105uo) ]
I [ ]
E oe0 [ f L dt =20 fb”, {s=8 TeV === Expected limit (+10,,) -
240 :_ 1-lepton + jets + E_ All limits at 95% CL —
220 — oy —
— & N
200 — £/ | —
- & e ]
180 — —
-/ ]
160 = —
[ ]
140 — —
120 | —
100 I N

200 700

m. [GeV]
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To show 2D exclusions, need a
hleOtheSiS ON Mchargino = f(mneutralino,mstop)

Another choice, f(x,y)=x+20 GeV

, M_
1 X

, = m%o + 20 GeV

1

b+Chargino Results
TT, production, T, - b 3, % — W' 5
— T
g S0F ATLAS
£ 450 ;_ f L dt=20fb", Vs=8 TeV
400 = 4_jgpton + jets + ETe
350
300
250 [
200 i—
150 -
100 &

SUSY)
theory

=777 Expected limit (£10,,,)

All limits at 95% CL
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b+Chargino

[GeV]

M_o

Can this explain
the WW excess
(and other
EeXCesses)”?
see arxiv:
1406.0858

Results To show 2D exclusions, need a
hypothesis on Mehargino = f(Mneutralino, Mstop)

Another choice, f(x,y)=y-10 GeV

1.1, production, T, — b Kor Xy = w' 5’(?, m. - m.. =10 GeV

350 | | | | | | : | : | | | | | |

- ATLAS ——— Observed limit (=10poer) -
300— f Ldt=201" \s=8 TeV — _ Expected limit (+10,,) —
550 |— 1-lepton + jets + ET*° All limits at 95% CL B
200— . - _

07 7 ”.7 5 - et

— M d ( """""" N . » R el '5-\ ]

150 —

100

1 | 1 | 1 | 1 | 1 :
950 200 250 300 350 400
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b+Chargino Results Mstop = 300 GeV

[GeV]

M_o

300

250

200

150

100

50

-0

T¥, production,, = b i, %= W %, m._ =300 GeV

ATLAS — Observed limit (+1jeo)
— f Ldt=20fb" Vs=8 TeV =~ 7 Expected limit (+10,,,)
C 1-lepton + jets + EI"° All limits at 95% CL

LT T
|IIII|IIII|J

120 140 160 180 200 220 240 260 280
m... [GeV]

l’_IIII
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o
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A Sneaky Light Stop

Till Eifert (CERN) and BN
arXiv:1410.7025
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The stealth stop is difficult: looks like the SM!

tt1product|on t—>bff' /t—>cx /t—>be /t—>tx Status: ICHEP 2014

;‘Soo:llllIlllllllllll]llllllllllllll
8 - ATLAS Preliminary L, =201b"1s=8TeV L, =4.7 o' \s=7 TeV
= 450 -t—>tx oL [1406.1122) OL [1208.1447)
s EEtot x 1L [1407.0583) 1L [1208.2590]
= 400 = t —t x 2L [1403.4853) 2L [1209.4186]
=t —>be 1L [1407.0583], 2L [1403.4853)
t ~ %1 oL [1407.0608]
350 —_— b Fra, 0L [1407.0608), 1L [1407.0583)
= Observed limits ===+ Expected limits
300 Al limits at 95% CL

250

200

I-lllllllll|IlllllllllIllllllllllllllllllllllllllll-l

150 |
100
50 Wsjtb' w=4.71" 0fb’ 3
° ﬂ lescl)oI - l7<io'l
Mstop~1Mtop e
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The stealth stop is difficult: looks like the SM!

One Way forvvard PreC|S|on top quark |
| _properties to complement direct searches |

1106.0030

Cross Section

O sy ™ ~10% X Oq,

Current experimental precision ~ 4%

Angular Distributions

Stop is a scalar; top can
be polarized

SUSY o set by the stop mass
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95% CL limit on signal strength n

ATLAS is leading the community on this front: measurements
In both cases are used to constrain light stops

14()6 5375 ATLAS-CONF-2014-056
T - N
- ATLAS 12 - | ATLASI Prellrlnmary
4+ 1 -1 = - Observed
f 1= A8V, 801D | o 100p det=20.3fb _
3.5 \s=8TeV,20.3fb : 2 [ oo Expected + 1 s.d. \ 3 TeV !
" - . - s=8Te |
3:_@ Expected limit +1 oes,ﬁsy k 3 80_‘ Expected + 2 s.d. m o =1GeV B
- Observed limit +1 6y " 1 e I— - “ ]
2.5+ '{_) ' m( ) ’ GeV ‘ - 60—_ — — NLO+NLL prediction g
£ A L T Top Spin -
g ‘ """"'l'op 12 40k Correlations -
1.5 ' — N
st Cross -
: Section -
s T NSO R t
170 180 190 200 210 220 230 180 190 200 210 220 23(0)
m; [GeV] m- [GeV]

Mgiop~Miop €XClUGED
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Important Assumption: miop IS KNown

[ there are light stops, they could bias
the top mass measurement

The top mass is a parameter of the SM
[agrangian, so we can't use this to find stops

But the cross section prediction
depends strongly on the mass!
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Light stops can bias
the top mass
measurements in such
a way as to be sneaky:

1) mtopmeasured < mtoptruth

2) Gtopmeasured > Gtoptruth

3) o) topmeasured _
o) topm’m +OSUSY

SM+SUSY/SM

1410.7025: T. Eifert & BN

oaf.  Herwig++2.7.0, \s=8 TeV
[ ti(m,, =175GeV) + T, T~ bWN, (m_=170 GeV)
0.25- b
: p B &V [
- t1 — ~0
B -~ X1
0.2_— >I\£\\ X1
— P ' Cﬁ}?q
Z b q,---
0.15_— !
0.1
0.05— i
OLL‘J.—!J.-I--IIIIIII 1 1 | 1 1 | 1 1 | 1 1 | L 1 1 L1
1.5
1: === T T T T T =
05—
100 150 200 250
m.; [GeV]
57 Feynman Diagrams from 1407.0583



To quantify the
existence of sneaky

stops, we simulate SM
and SUSY events

Herwig++ nominal
Madgraph+Herwig as a cross-check

We perform a simple
mass measurement,

using a < to create a my;
observable

Selection Efficiency
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o
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—
(0]

o
—
I

0.12

0.08[
0.06 -
0.04

0.02F

1410.7025: T. Eifert & BN

0.1F

Herwig++ 2.7.0, \s=8 TeV
- On-shell top
- o
| | | |
'n[fo;;]t’? Mito JOR ”’[foD] /: topy. 5 Mfsto
0] ol 2 y 5 0 ¥

Choose semileptonic
events with jets/leptons

above a pr threshold



Mass sensitive observable: <mjji> = f(miop)
1410.7025: T. Eifert & BN

- . _ = 160
- Herwig++2.7.0, \s =8 TeV s [ Herwig++2.7.0, \s=8 TeV
0.3 } = B Calibration slope = 0.55
- — SMii € 159
B o B
~ -~~~ m[stop]=170 GeV © —
0.25— _ S B
- [ > 158
B =T mstop]=175 GeV < B
0.2 i
B 157_—
0.15:_ 156:_
0'1:_ I 155
005:_ :_ _—...m__ 154:_
I l'—'!'_'i-“ L1 [ [ R [ |I |_ :
OO 50 100 15|0 20|O 25|O 300 15?IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
68 169 170 171 172 173 174 175 176 177

m;

[GeV] My, [GEV]

‘Measure’ <mj;> and then invert f to infer miep

cross-checked with a simple template fit

59



3-body phase space
significantly different than
for resonant tops

1106.0030

3500
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1000

500

r—Y‘]tC)F)"-1

Dr\v
N\
] \\\» ‘\\§=r

000000 120 140 160 180
muy, (GeV)

e

Origin of (Negative)

51ases

For resonant tops, the BW is sculpted

from the finite top/stop widths

htemp

htemp

L Entries 10000

Pythia8 || v 1| Pyihia 8

- § RMS 2.342 4000C- §§
1725 GeV top | 175 GeV stop |
g \ 172.5 GeV top |

3500

3000

2500

2000}

1500}

1000F

500 F
| -

Entries 10000
Mean 171.6
RMS 2.26

180 185 1=
m[stop] GeV

< N\
SOPSNS BN
165

Miton+20 P ¢ g
top i i y
- X1
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Measured Bias 1410.7025: T. Eifert & BN

For the 3-body decays, larger bias. When there Is a resonant top, the
bias is very small (LHC results so far are robust).

Miop [GeV]

B . — 180 :

184 Herwig++ 2.7.0, m = 170 GeV E - Herwig++ 2.7.0, m o = 175 GeV

" O i stop

; g 178
182 __True S - — True !

- i p ¢ Y
180:— ---LHCS8 176 ---LHCS8 h LW "
178~~~ Tevatron ) - -~ Tevatron ~~. %

- 174 — » by §W :j
176 — i q
174 172} =7
172~ Z 170(

170 2~ - X )

g \f\ ~ X1 168 —

- 1
168 : D W q -

166 1— b q 166 —
I S SR SN RSN EN NSO N AT N _|||||||||||||||||||||||||
170 172 174 176 178 180 168 169 170 171 172
True LW [GeV] True LW [GeV]
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" . S B .
Measured Biases: 3-D0dy 3 1ss~ Herwig++2.7.0,m =170 GeV
: E§ Ll E— True
A 170 GeV stop can hide -
in within the current 180r-  ---LHC8
measurement uncertainty 17gf- " Tevatron
. . . 176
The consistency with the measurement improves -
for slightly higher stop masses (not shown) 174
B 14
172~ Z
| N .
Cross Section 1701 o2 _. ﬁ
Prediction Too High 18- S e
166 | | | b | q
170I | I172I | I174I | I176I | I178I | I180
True Mo [GeV]
Moy focasured True oz (muop ) True oz (mpe"*) True o7z Measured o5
LHC8 | Tevatron | LHC8 | Tevatron | LHC8 | Tevatron | LHC8 | Tevatron | LHC8 | Tevatron
170 168.6 169.0 271.1 8.0 279.0 8.1 42.6 0.87 2954 8.5
172.5 | 170.8 171.3 251.7 7.3 264.4 7.6 42.6 0.87 276.0 7.8
175 172.9 173.5 233.8 6.8 249.7 7.2 42.6 0.87 258.1 7.3

Measured Mass > True I\/Iass62

1410.7025: T. Eifert & BN




. HC vs Tevatron

Curiously, the measured

Tevatron top mass is

slightly

higher than the LHC mass

CMS-PAS-14-015

19.7 fb’

'(8TeV) +5.1fb" (7 TeV)

I L B B S B B
CMS Preliminary

CMS 2010, dilepton ®

JHEP 07 (2011) 049, 36 pb”’

175.5 = 4.6 = 4.6 GeV
(value = stat = syst)

CMS 2010, lepton+jets ®

PAS TOP-10-009, 36 pb™

CMS 2011, dilepton -

EPJC 72 (2012) 2202, 5.0 fb™'

CMS 2011, lepton+jets -

JHEP 12 (2012) 105, 5.0 fb™"'

CMS 2011, all-hadronic

EPJ C74 (2014) 2758, 3.5 fb™

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb™

CMS 2012, dilepton
PAS TOP-14-010, 19.7 fb™

CMS combination
September 2014

Tevatron combination
July 2014 arXiv:1407.2682

World combination March 2014 —
ATLAS, CDF, CMS, DO

173.1 =+ 2.1 = 2.6 GeV
(value = stat = syst)

1725 + 0.4 = 1.4 GeV
(value = stat = syst)

173.5 + 0.4 = 1.0 GeV
(value = stat = syst)

1735 + 0.7 = 1.2 GeV
(value = stat = syst)

172.0 + 0.1 = 0.7 GeV
(value = stat =+ syst)

172.1 = 0.3 = 0.8 GeV
(value = stat + syst)

1725 + 0.2 = 1.4 GeV
(value = stat = syst)

172.38 = 0.10 = 0.65 GeV
(value = stat = syst)

174.34 = 0.37 = 0.52 GeV
(value = stat = syst)

173.34 = 0.27 = 0.71 GeV
(value = stat = syst)

165 170 175

180
m, [GeV]

Migp [GeV]

180

178

176

174

172

170

168

166

.
L
-
-

Herwig++ 2.7.0, m = 170 GeV

— True
---LHCS8

--- Tevatron

170

178 180
True m__[GeV]
p

This could be explained by or
provide a constraint on light stops.

Many caveats: most importably is the fact

63

that different (nominal) generators are used!



: _ = 180
Measured Biases: 2-D0dy 3 7| Herwigs+27.0,m =175 GeV
8 1781 b !
= - — True p y
! i 2 W
176_— ---LHCS8 ’1’, 92(1)
- ---Tevatron ;;\W X9
174~ p t q
Unlike for the 3-body i
172 —
decays, the measurement i
IS nearly unbiased with 170
resonant tops. sl
166 — 1410.7025: T. Eifert & BN
_I ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] | ] ]
16|8 16|9 17|0 1|71 172
True Moo [GeV]
Miop {f)‘gasured True o4 (mugp ) True atg(m{f)‘gasured) True oz Measured o7
LHC8 | Tevatron | LHCS8 | Tevatron | LHC8 | Tevatron | LHC8 | Tevatron | LHCS8 | Tevatron
170 169.8 169.8 271.1 3.0 273.7 3.0 36.8 0.70 304.8 8.6
172.5 172.0 172.2 251.7 7.3 255.4 7.4 36.8 0.70 2854 8.0
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Measured tt Cross Section [pb]
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— SM Only
—-—- SM+SUSY, no bias
-~ - SM+SUSY
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\\ \'\. mt~ =170 GQV

1

measured
. \> m top

O gusy XSsusy

I|III|III|III|III|III|III|III|III|III
/
/

gmeasured: 14065375 (ATLAS)

+ tt

mre2sured; PAS-TOP-14-001 (CMS)

166 168 170 172 174 176 178 180 182 184
Measured Top Quark Mass [GeV]

- 1410.7025: T. Eifert & BN



i

Conclusions

Miop [GeV]

Searching for stealth
stops will require
precision top
measurements

Such studies must consider
the impact of biases in the
top mass, in particular for

3-body decays

182

180

178

176

174

172

1410.7025: T. Eifert & BN

I|III|I‘I‘_IIII|III|III|III|III|III|III|I

Herwig++ 2.7.0, m = 170 GeV

— True

---LHCS8

--- Tevatron

-
~
o

172 174 176 178 180

True m__ [GeV]
p

i aiiibenia N = e 2ol X =

| Light, sneaky, stops may be hiding in the 8 TeV dataset!
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A Meta-analysis of the 8
TeV ATLAS and CMS SUSY
Searches

BN and Tom Rudelius (Harvard)
arXiv:1410.2270
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Number of Trials

1410.2270: BN & T. Rudelius

Distribution of the ‘excesses’ p-values
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Number of Trials

1410.2270: BN & T. Rudelius

Distribution of the ‘deficits’ p-values
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