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Introduction Direct %, b Production

Introduction

Light £, b cancel my t corrections, needed for naturalness

No need for all SUSY particles to be light

Dark Matter candidate provided by LSP ({9 or G)

Focuses on simplified direct production here (see Alexandra’s talk for
g-mediated) 7

b,c
t,b é .
_-- 9
=< ~0
. X1
t,b i
P b,c
07

» Typical 3rd generation SUSY searches look for:

> jets, usually heavy-flavor (can b- or c-tag)

» invisible particles (large ET'**)

> (sometimes) leptons

vV v vy
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Backgrounds

Introduction Backgrounds

» Many SM processes look similar to EM + b-jets + {0, 1,2}/

» Some can be reduced:

W + jets

> tagging
>

> tagging

tt b /
p
t W v
t A 14
p
b 14
> mr2
> c-tagging

» Also more difficult combinations: VV, VWV, Vt, ttV
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 Searches

t vs. {¥ mass plane

Assuming Mex > my,, 3 decays:

> High Am=m; — mgo: t onshell

_ X
tt + EF™
» Medium Am: W onshell

3-body decay, to b+ W + Emiss

> Low Am: W offshell
decay to c jets + Er’fniss or via
4-body t — bff {9

== .
For M+ < mg, X7 is on-shell:

» T b+RE T oW+ 0s

also possible

» Final objects similar, different
kinematics.
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% Searches 0 Lepton

High Am: & — t + X9 (0 lepton) ATLAS-CONF-2013-024

|
%) ATLAS Preliminary ® Data2012
q S » s % s Toul
o 10 ILdl:zosm.E:sw [a=ti
3
° - et
Py 0O-leptons, SR E7°>200 GeV T
p q H
t o
g
~ II 7 w
-
- - X1
= 0

!
!
>

S
(=
Data/SM

i producton, | (BR-1)

E T T T
E ATLAS Preliminary = Observed limit (+

» Hadronic tt + Ef"* selection: S asosm oy o by 3
. 490" Al hadronic channel -~ Expected imit (2011)
> 6 or more .Jets 350? All limits at 95 % CL.
300F

> 2 b-tags o
» both t: [mj; — m¢| < 95 GeV 3

8

. 150
> Emiss > 200 GeV
50E- / \ i :
» Main background: one hadronic t, one e

m [GeV]

t — b+ 7+ v where 7 fakes jet
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% Searches 1 Lepton

High Am: & — t + {9 (1 lepton) ATLAS-CONF-2013-037

Events

p
_ ot
: i < w
t
P t

» Semi-leptonic tt + E™S* selection:

>

w

Data/SM

m. [GeV]

%

4 or more jets

1 b-tag

130 GeV < mj; < 205 GeV
ETiss > 200 GeV or “shape fit”
mt > 140 or shape fit

mT, (many variants)

vV vy VY VvYy

» exc depends on T, vs. g (see slide 24)
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T
ATLAS Pvehmmavy

N1 shape:
ET** > 150 GeV

5=8TeV, | Ldt=20.7b"

...... m; =350, m, = 150 [GeV]

—— Data 2012

[ -V, single top, munue&

[ Z+Jets, WV

e+p channel

SN Standard Model (SM)

0.
W-CR 60-90  90-120  120-140  >140
m; [GeV]
T, roduction, T+ 1
T T T T PN S

s ATLAS Preliminary

iepton + fets + £
30

Jra=207m Esey

25

20

15

101

Allimits at 95% CL

—
= Observed fimit (=10555)
Expected limit (+10)
Expected limit (HCP12)

|
300

200
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https://cds.cern.ch/record/1532431

7 Searches 2 Lepton

Medium Am, 3-body decay (2 lepton)

b ¢ 5 — 3
% - ILdA~zu3m’ = 7;
p w v @ S =
t
- -0
- X1 4
~o <0 E
~< X1 —
t
p w v :
b K m,, [GeV]
i, production, BR{, ~ Wih) = 1
H izz FATLAS Praliminary niy < nih) SANE
. Ex,lsnéj'm:zuzmﬁ:arﬁv E
» t — t no longer allowed 3 3
» Select high mT> to cut out tt oot E
background. o E
» ATLAS-CONF-2013-048 P
» Search mainly focused on models with RO 0 0w om0 e

light X (more later)
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t Searches  Monojet / c-tagged

Low Am: “Monojet-like”: ATLAS-CONF- 2013 068

C
p b w
t %= .
G X
T .
f\\ X1 X(1)
w
b b
g c

> Very little E%‘iss without ISR
» piSR > 280 GeV

» Balanced by large E™ss:

> Require EMss > 220 GeV
> p'SR doesn't exactly balance EMss
because of c-jets
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dN/ET™® [ Events/GeV]

ATLAS Prehmmary
L6t=203 fo",\5 = 8 TeV/

= miig)- (200,195) GeV.
mitc")= (200,125) Gov

Data/SM

250

200

150

100
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EF* [GeV]

, production, {, - ¢ + ¥
R e e
ATLAS Preliminary [Ldt=2031", @sTev
Monojet-like selection: M1

oo

Observed limit (+1 o)

Expected limit (+1c,,;) o
LEP (0.=0°) -
[ coF (26 107) &

Al limits at 95% CL

SO B B B

G I R R R
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mY[GeV]

November 19, 2013 9 /17


https://cds.cern.ch/record/1562880

t Searches  Monojet / c-tagged

Low Am: c-tagged

0 10°
2 ATLAS Preliminary —e— Data 2012
@21 _ (s — Standard Model
§ [Ldt=2031", [s=8TeV -‘{;i(""l'v)‘i;s
c w1 = H(+X) :V!l’n‘ail:‘ :on
4 B Z( 1) +jets
b [ dibosons
p w 1
L7 -0
7 1 X1
~F ~0 10'g
N
): < X1 X1 3 %
[ s 1=
p W sk
g E - 2 0 2 4 6
b fourth leading jet log(P./P,)
g & 1,1, production, T, > ¢ + 7,
;-3507‘””‘HH‘HH‘HH‘HH
) ATLAS Preliminary [Ldt=20.3f0", FsTev g
= Charm-tagged selection: G1
. £ 300 Observed limit (+15°5%)
» For Am 2 20 GeV, c-jets are tagged Bttt e o
LEP (9=0°)
250

» Conceptually very similar to b-tagging:
> Neural net gives Pp,Pc, Puc{u,dsg}
> anti-b selection: P./Py, > X 150
> anti-light selection: P./P, > Y

medium OP: e ~ 0.2, 1/¢ep = 8, 1/€, ~ 200 s

I coF (261 <

Al limits at 95% CL

SR B e e

100 150 200 250 300 350
eV]
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t Searches  Monojet / c-tagged

Part 1 Summary: m; < mg+ results
1

» ATLAS excludes large piece of (simplified model) Mgo vs. my plane
> most of mge < 200GeV, m; < 650 GeV excluded (assuming 100%
BR)

Y1Y1 production.ﬂ-» tg l?l-. Wb E’: /Yl-. c g Status: SUSY 2013
= L B L B B B B
8 400 ATLAS Preliminary Ly =20-217Vs=8TeV L, =47 b’ Vs=7 TeV.
o oL 1Y oL CONF-2013.024 oL (1208.1447)
E = N Lot 1L CONF-2013-037 1L [1208.2590]
Bl -t 2L CONF-2013.085 2L [1209.4186]
BT whY 2L CONF-2013.048 .
200 E 0L mono-jetc-tagd, ~ X, oL monoevictag CONF-2013.068 -
N
» Ga ps aroun d CDF 2.6 b [1203.4171]

—— Observed limits ===+ Expected limits
Al limits at 95% CL

my — Mgo & My signal

nearly identical to tt

> Region can be covered
by to — 1 + Z (see
slide 12)

L, =47 "

int

m; [GeV]
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% Searches #H — 1 +Z

th—t+ Z+ () ATLAS-CONF-2013-025

3 ATLAS proimnay e 0ol 0E ek TS
3 IL dt=207 1" 3-epion SRALL g N 7
H _
A H -
P ¢ ]
t S_ - < o BEESSESSR g
2 = Xi ]
- tl 75555 =
- ~ % £ I o 3
T~ o t 0 ] 10%;;,;»» G
t2 - < X1 7 [GeV]
p
t ., production, T, - 7, T, -
%‘W FrorroorT ‘, j .‘ T = Observed limit (+105y5;)
Z ©,, FATLAS Preliminary| Eupected it (t100)
2% (10,
350 iJ' Ldt=20.7 1", Js=8 Tev [ AllmisatossocL
m; = my + 180 GeV. !
- . i“ " 300
» Designed to fill the Am ~ m; “gap
250

» High pr Z required: 200
[mge — mz| < 10 GeV, pf}? > 75 GeV 15
» Also interpretted in a GMSB stop m
scenario (see slide 25).

]
FTT T T T T T T

v Lo 1
300 400 5

m.
g

3

B

K
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% Searches  t — )Z[l) + )Zli

Light )Zf models

b
> Mg > Mex > Mo allows D W
t— b+ )N(it g < )2(1)
» Final states share objects (but -~ X1
not always kinematics) with ~ SF
~ ~0 N\ ~ Xl ~0
» Signal grids also become 3d, p W
thus much more expensive
b

» In practice, we slice through (m;,mili,m;(?) space in a few ways:

> Fixmgz =X (X ~ 200, GeV)

> Set mes = 2 x mgo

> Set mgx = mgo + X (X ~5GeV)
Fix m; ~ 300 GeV, plot My Vs, Mo
> etc.

v
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% Searches  t — )Z? + X

t= b G =0+ W

Many of the analyses already shown
also give limits in this scenario: 8 .

» 1L: Mgt = = 150 GeV upper right,

see sI|de 7 l
» 3-body: seeslideS\;m NN S
> omge =150GeV —— | B \
> mxli = m; — 10 GeV
> Mg = 2 X mgo N
Also some earlier results:
» OL: arXiv:1308.2631 see slide 16

» 1-2L: arXiv:1208.4305 s w STV VN
arXiv:1209.2102 - )

i, production, T, ~ b, WX\, ATLAS Preliminary, L,, = 20-21 fb* {5=8 TeV, Statws: SUSY 2013
T T T T T T T T T T

== m - 10GeV  2LATLASCONF 2013048 4
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Entries / 10 GeV

Data / MC

 Searches

to%r+b W0+ W:m

» T — b+ Xi version of 2 lepton

» Select events with high m[”‘Et

T T T
—e— Data 2012 (Vs = 8 TeV)
4% Standard Model

Z+jets

E ATLAS Preliminary
Ldt=203 1"

b+ ? analysis

bet

[SR, prior (om cut]

ake leptons

+V

(Stop.x*X?) = (300,150,100) GeV

— m(stop.x*x°) = (300,100,50) GeV
m(stop.x. x% (300,100,0) GeV

NN

L N AN ]
NN

F G E
V7

50 100 150 200 250 300 350 400
bjet
mp;” [GeV]
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3 o oL
tax?wLXl

XO VS. m

search (see slid
(no BDT)

T, production,, - b ¥~

+ plane

e 8)

w”?’ m, =300 Gev Status: SUSY 2013

S- 300 L L ‘ LI L L L B B L B B B
o [ ATLAS Preliminan Bl
& I 4 Ly~20fb"V5=8Tev ]
£yl — Observed limits E=2L, ATLAS-CONF-2013065 |
£ [ ... Expected limits — oL, 1308.2631 ]
F Ailimis acosos cL LEP b
200— —
s A
150— —
100= —
50 i —
ol i b Lo b Lo b Lo Lo Ll
100 120 140 160 180 200 220 240 260 280

mg [Ge’
i [GeV]
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b Searches b— b+ )Z?

b— b+ 9: arXiv:1308.2631

> AR R A SNAARaASssa
8 ATLAS o Duad-eTevz0in’
SRA 2 swow
g 100
< {op-uak producton
b £2 W production
§ 80 . 7 proscion
frr .

500 Gov, m)e1 Gov
GeV . mG)=100 GeV

m)=105 GeV

T2

-
Data / SM
o 4w

p 0 50 100 150 200 250 300 350 400 450 500
My [GeV]
Sbottom pair production, S‘ —b i?
b = 600 [T T T T -
B F aTLAS = Observed limit (£10525Y)
. . i < ke Expected limit (+16,,,)
| 4 TWO S|gna| reglons_ E*soon.Ldt=zo.1 1", V5=8 TeV >
I coF 2651
Alllimits at 95% CL I oos2n’

EXiss  ptags pll
high Am 150  ji, j» 130 300
low Am 250  jo,j3 150

» unboosted region cuts on mcr,

100
removes t background. m \
T T Y T

100 200 300 400 500 600 700 800
m; [GeV]
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http://arxiv.org/abs/1308.2631
http://xxx.lanl.gov/abs/0802.2879

Summary

100

Conclusions

~—L8

= e
[5] - L, =20-21fb" fs=8 TeV L, =4.7 fb" {5=7 TeV —
O, r — oL T 1Y oLATLAS CONE 2013024 ot ]
- [ = Observed limits e 1 ATLAS CONF2013.037 P— 1
< [ =T At conr 013008 ol 1
€ 500 |- === Expected limits LT Wb 2L ATLAS.CONF-2013.048 N
L B 0L, monoderc-tag,T, - ¢ X0 OL mono-etc-tag, CONF-2013-068 i
I Alllimits at 95% CL — 0 "‘,; =my+5 0L 1308.2631 - ]
L [ e b"ﬂ m, =106 GeV - 20[1208.4308), 1-2L [1209.2102] ]
+ CDF261b%[1203.4171] === 1L % m_ % 150 Gev 1L CONF-2013037,0L 13082631 - ]
400 |- =t - 10Gev atariAS CoNE 2013048 ) ]
I [ e L =2xmy 1L CONF-2012.037, L CONF-20:3048 121 [1200.2102] g
[ i 0 ) % % % ]
b bW G oG- wo -t 1
300 - B
[ \ ]
[ i 1
200 |- n

Status: SUSY 2013

700
m; [GeV]

» ATLAS excludes lots of simplified SUSY space where mgo < 250 GeV
and my < 700 GeV
» Still work to do and holes to fill!
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Conclusions

BACKUP
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Conclusions

The 4-vector tricks: mr and mpo

» Use kinematic variables to place background below some bound
» mr(p1,p2)? = (pr1+ pr2)? — [P+ Prol?
» For a 2-body decay (i.e. W — £+ v), mr < Mparent

» mro extends this to two particles, each decaying semi-invisibly:
miSS) =

mr2(p't, PR, PT min {maX[mT(pf}l,qT),mT(pfﬁ,rT)]}

qr+rr=pr*

» Several instances will appear:
> = mro ({1, {2, ET™*): bounded by for WW, Wt, tt
> mfﬁet = mro(b1, b2, b1 + €2 + EM*): bounded by top mass in tt

» arXiv:hep-ph/9906349
» arXiv:0711.4526
» arXiv:0810.5576
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Conclusions

Blinding and Fitting: How we search for SUSY

1. Pick a signal model
2. Simulate ,
> signal
» SM background
3. Find or invent variables
> b-tagging, c-tagging
> mt, Mr2, m%et, mct
4. pick SRs and go blind
5. Control backgrounds

» use CR for larger ones
» backgrounds are
most of the work!

6. check validation region
7. Unblind / Fit Signal
Region
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Base Variables

jets MET

leptons

~ mass-like variables
|\ (sometimes mva)

simulated /

data

Signal Model

Expected Limits

Blindgd

Validati pn Fit

Validation Hists

Measurement Fit
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Conclusions

High Am: ¥ — t + 9 (2 lepton) ATLAS-CONF-2013-065

e
Lot~ 20315+ analyis : Dazz Ty

. S8 sm Background
I' different flavour ] zviess

ATLAS Preliminary

Events / 0.08

—
. v
= w

= (30050) Gev.

\
\
\
=<1
—O O

2
!
=<1

TT08 05 04 02 0 04518 b Qhoned

e -

» Relation between EJFniSS and other % ;Iflt;im",fjgi?jg"va'y RS vt
kinematics more complicated with 4 ,‘é“ﬂ’ , ,
invisible particles. o 3

» Use a boosted decision tree. Variables: =p E
> ET, mra, my “F I E

> Iepton A¢, Ag EE T T 3(‘10 350 400 450 500 55£[Gz(\)/1|)
> A(ﬁ(gleadinga E’FISS)v A¢(€Ieading7.jleading)
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Conclusions

Direct b: b — t + {9 ATLAS-CONF-2013-007

> T ' y

3 same Sign e
>0 brets

0

9 ATLAS Preliminary o Data.

& _ . SM Total

2 Ldt=207 1", [5=8TeV g ol ebions

5 3 Diboson

g (3 Charge fip

2 Qv

g

2

€

5

E

50 100 250 3

150 200 00 350 400
Missing transv. momentum £/ [GeV]

=

[=all
o

—

~

% =
—=Oo

data/ exp

bb production, 5‘« &5. m&:) =60 GeV

R e
8 o[ ATLAS Preliminary
& r J'de:zoj *, (5=8 Tev
— — [ 2 -charge |
» Same-sign leptons + b-jets 5001 ot et 15

=--- Expected limit (+10,,,)

» Major backgrounds from fake leptons F o sieors s 250w ey
400
and “charge flip" i

jets b-tags EMSS mp S
low Am >3 >1 > 150 > 100 any
high Am >5 >3 <150 < 100 e om0 S0 s0 o0 60
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Conclusions

c-tagging

» Neural net transforms vertex and track-based information into three
posterior probabilities (Pp, Pc, Py, where u={u,d,s, g})

» Calibrated with D** — D% + 7+, DO — K-zt
ATLAS-CONF-2012-039

c-tagging
» Select jets based on Operating Point | e 1/ep 1/,
ratios: loose 095 25 1.0043
» anti-b selection: medium 0.19 8.0 200
P./Py > X -
> an’é—libg; selection: - . b-tagging
PP, > Y Opera‘flng Point | e, 1/ec 1/ey
anti-loose 0.60 21 230
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Conclusions

tr, limits from 1 lepton

10°
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ATLAS Preliminary %T‘ pair prod. cross section
— expected limit (mostly stop-right)
J- Ldt=20.7 fb", Vs=8 TeV = observed limit (mostly stop-right)
expected limit (purely stop-left)
(

1-Iepton + jets + E';"'” observed limit (purely stop-left)

All'limits at 95% CL

300 400 500
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Conclusions

GMSB from t, —+ Z + t
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700

Yl- , production, Natural GMSB model

LN L L B L B

EATLAS Preliminary

jI Ldt=20.7fb" \s=8 TeV

- Observed limit (+103ysy)

Expected limit (£10,,)

ATLAS 2.0 fb,Vs=7 TeV
All limits at 95% CL

100

AR PRI BT A I

200 300 400 500

600

700 800
m: [GeV]
1
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