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The datasets and the physics programs
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Hints? Excesses? Anomalies? What might they all mean
Are there any common themes to look out for?
What might 2016 bring?




(Maybe obvious) statements about “Searches” %

« Any new physics will either be produced in conjunction
with/or decay to Standard Model particles - these are
what we measure

— Whether performing a search or not we measure Standard Model objects

— To search for something new there has to be a difference, or differences,
between the new physics and the Standard Model

— Exploiting the differences as efficiently as possible is what makes one
analysis better than another

« We DO NOT KNOW what new physics will look like!!!

— The searches we perform are based on our prejudices and we interpret
them in only a specific number of signal scenarios

« The partitioning of many analyses within ATLAS/CMS is
largely arbitrary and often not based on physics principles
— Example “Y” -> W*W- -> |*v l'v (+X) => is it SM/Exotics/Higgs/SUSY?
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ATLAS data-taking in 2012 @ 8TeV [
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Understanding the Standard Model Backgrounds §

Precision measurements of
boson, ttbar, single top and di-
boson cross sections

July 2014
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Standard Model Total Production Cross Section Measurements

o [pb]

Status: July 2014
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If {no discoveries of new physics} then
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....keep increasing the energy....

2011 -> 2012 -> 2015+

/ TeV ->8TeV ->13 TeV
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ATLAS data-taking in 2015 @ 13TeV
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Understanding the Standard Model Backgrounds §
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Standard Model Total Production Cross Section Measurements suiwus novzo1s
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Understanding the Standard Model Backgrou

Standard Model Production Cross Section Measurements

nds

Status: Nov 2015
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Understanding the Standard Model Backgrounds §

Status:

Standard Model Total Production Cross Section Measurements 1o 205 JLdt
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Understanding the Standard Model Backgrounds

Vector Boson + X Cross Section Measurements
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Status: Nov 2015
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Understanding the Standard Model Backgrounds

Multiboson Cross Section Measurements
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Status: Nov 2015
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Understanding the Standard Model Backgrounds
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Understanding the Standard Model Backgrounds §
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The reaction from CERN Restaurant 1

But YOU said
there would be
new physics!!!

L

JSFl| THE UNIVERSITY
of ADELAIDE



SEARCHES i

N
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« Almost all searches we perform have some amount of model
dependence i.e. one searches for a specific signal topology

« We DO NOT KNOW what new physics will look like

« We want to cast a wide net - the wider the net we cast the
larger the probability of seeing a significant excess in a
channel (because statistics is a thing)

P9 THE UNIVERSITY
of ADELAIDE




SEARCHES.....do not despair

ne»r-=>»

Hugely increased potential for discovery of heavy particles at 13 TeV

But life may also become harder for states lighter than tt

Minimum bias 9 1.2 Cross section ratios: 13 TeV /8 TeV
W(ln) =9 1.6 104
7 A N B I BRI I I
Z(lW) . 103 G, [Pb]: pp — SUSY
L7 2.0 ) Ns=14Tev 7
10 =
t (s-channel) 2.2 " oL
t (t-channel) 2.5 n.b. thisis
: .D.
H Fy 923
! ((\t-;,;’,F; y 0] for 14TeV -
e 2. o
WH — 2.9 10 _3? -

ttZ il

ttH e 3.9 0= |5(‘)0‘ | Iioloél ‘1‘5‘06| Iﬁo‘()b |2‘5|0(‘)‘ 3000 3500
A(0.5 TeV, ggF+bbA) il 4.0 m [GeV]
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z' SSM (3 TeV) 10
)
)
)

46

Q* (4 Tev 56
QBH

QBH

5 TeV 370

6 TeV

9000

T T IIIIII[‘ T T IIIIIII'.. T T IIIIIII"- T 1 I e e

(
(

—

10 100 1000 10000
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Higgs Searches @
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« We’ve discovered the Higgs - can’t search for it anymore

 If you’re working on Higgs physics you are either:

a) Making as precise a measurement as possible of the Standard Model (both
production: ttH, VH and decay: H->WW, H->tt, H->py, H->Zy etc)

b) Searching for BSM Higgs
« H*->1t'v or H*->tb (charged Higgs)
 H->te or 1y (Lepton Flavour Violation)
« H/h/A->f fbar (where f is ‘fermion’)
« H/h/A-> B Bbar (where B is ‘boson’)

* For the most part there’s overlap with the exotics
program here

9 THE UNIVERSITY
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LHC Run 1 Higgs Results i :

st
Run 1 ightiert === GATLAS
Higgs Boson discovered! - — ey
> 2400 T T '
(qﬁ' 2200 Selected diphoton sample - -
P E ®  Data2011 and 2012 E o35 * Data -
';:,l 2000~ s;ism i::lusiveﬂl(mH:QB.SGeV) = (O] [l Background ZZ ATLAS Pr?:lmmary
o 1800%% ., ... i — e} t — _—
[i] 1600:_ 4th order polynomial E :@30 53%2‘2(?#nd122+ %th)[ H—»Z7Z 4|
E {s=7TevV, f Ldt=481" 3 5 [ Signal (m, =150 GeV)

1400~ = ) 25[- i Signal (m ~190 GeV)

1200E- |'§=aTev.f Lit=591" 7 Systunc.”

1000— = 20 .

800 = s=7TeV:[Ldt=4.8 b

600 5 15p/s =8 TeV:[Ldt=5.8 o

400 —

200; ATLAS Preliminary é 10
o = - : : : | E
@ 100E- —
PRI + = %LL,@NS,
D 100;+ 1 +I 1 1 1 7;

100 110 120 130 140 150 160 100 150 200 m [Ge%’]SO
m,, [GeV] 4

o L L B B B B L
3 ATLAS 2011-2012  __ .
§ Vs=7TeV: [Ldt=4.6-4.8 10" ceee Exp.

s=8TeV: |Ldt=5.8-5.9 " Ctio

Francois Englert and Peter Higgs shared
the 2013 Nobel Prize for the discovery
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The Higgs Boson - Production modes i

107

o(pp — H+X) [pb]

10

10

I B [ B B B
\'s=8 TeV

1
LHC HIGGS XS WG 2012

[~ 99H (NNLO cp , NLO Ew)

T IIIWHI[

-2 1 1 1 | 1 Il 1 | 1 Il | 1 1 1 ‘ Il 1 1 I 1 1 1 I
1080~ 100 120 140 160 180 200
M, [GeV]

* gluon-gluon fusion (ggF) dominant

» Several measurements of vector-boson fusion (VBF)

« Data not yet very sensitive to VH and ttH

« Combine VBF and VH (both scale with V-H coupling)
* Combine ggF and ttH (both scale with t-H coupling)
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The Higgs Boson —Run 1 summary 4

A
T
L
A
S
[ — o(stat.) .
ATLAS Preliminary | o3z Total uncertainty Analysis Signal [ Ld:t (b))
my, = 125.36 GeV — o(theory) tiloonu Categorisation or final states Strength Significance o] 7TeV 8TeV
H - vy & : =, H - yy[12] 1.17 +0.27 5.2 (4.6) 45 203
w=1172 “on T t1H: leptonic, hadronic . v v
0o 1L L. "'_'_'_| L. V H: one-lepton, dilepton, E**, hadronic v v
H -2z o3t : K VBE: tight, loose 4 v
+0.40 |-013 . )
=1.46"20 100 i ggF: 4 pr, categories v v
H — ww* e ; T H — ZZ* — 4£[13] 1.4470:40 8.1(6.2) 4.5 203
w=1.18022n : T VBF v v
e : — — : V H: hadronic, leptonic v v
H - bb o : 2 gegF v v
= 0.63'0%[ 2 - 1
=063 a0 e B i H — WW* [14,15] 11602 6.5(5.9) 45 203
H- 1t gz : = ggF: (O-jet, 1-jet) ® (ee + uy, ey) v v
o= 1.44'042 0% : '_H_' : geF: > 2-jet and ey v
— : : VBE: = 2-jet ® (ee + uu, eu) v v
H— uu ., §§ . V H: opposite-charge dilepton, three-lepton, four-lepton v v
p=-0.7 "o | i V H: same-charge dilepton v
H—2Zy : : H -1 [17) 1437043 4.5(3.4) 4.5 203
p=27481 ' T Boosted: TiepTieps TlepThads ThadThad v v
2ale I . VBE: TiepTiep, TiepThad Thad Thad v v
Combined o3 : A : VH — Vbb [18] 0.52 +0.40 1.4 (2.6) 47 203
1= 1.18015 j%ij; ; HH ; 0¢ (ZH — vvbb): Nie: = 2,3, Npgge = 1,2, p¥ > and < 120 GeV v v
0.14 |-oor i T ] 1€ (WH — &vbb): Nigt = 2,3, Nygg = 1,2, py. > and < 120 GeV v v
' : : 26 (ZH —» £€bb): Ny = 2,3, Nygee = 1,2, p¥ > and < 120 GeV v v
1 0 1 2 3 : : :
\s=7TeV, 4547 0" -
\s=8TeV, 20.3 fb” Signal strength (u)

The Higgs Boson is no longer a discovery - it is a precision measurement!
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The Higgs Boson — ATLAS + CMS combined /

Combined Measurement of the Higgs Boson Mass in pp Collisions at \/s = 7 and 8 TeV
with the ATLAS and CMS Experiments

G. Aad ef al”

(ATLAS Cl’)”ﬂb(}rﬂﬂ(}ﬂ)f

(CMS Collal:roration}t
(Received 25 March 2015; published 14 May 2015)

A measurement of the Higgs boson mass is presented based on the combined data samples of the ATLAS
and CMS experiments at the CERN LHC in the H — yy and H — ZZ — 4¢ decay channels. The results
are obtained from a simultaneous fit to the reconstructed invariant mass peaks in the two channels and
for the two experiments. The measured masses from the individual channels and the two experiments
are found to be consistent among themselves. The combined measured mass of the Higgs boson is
my = 125.09 £ 0.21 (stat) = 0.11 (syst) GeV.

ATLAS and CMS ——iTotal Stat =3 Syst

LHC Run 1 Total Stat Syst
ATLAS H—yy I 126.02 £ 0.51 (£ 0.43 £ 0.27) GeV
CMS H—yy | —— | 124.70 + 0.34 ( £ 0.31+ 0.15) GeV
ATLAS H—ZZ—4] s 124.514+ 0.52 (£ 0.52 £ 0.04) GeV
CMS H—ZZ 4l — 125.59 + 0.45 ( + 0.42 + 0.17) GeV

ATLAS+CMS yy I—EI—I 125.07 £+ 0.29 ( + 0.25 + 0.14) GeV
ATLAS+CMS 41 l_I-E_l 125.15+ 0.40 ( + 0.37 + 0.15) GeV
ATLAS+CMS yy+4l I—$—| 125.09 + 0.24 ( £ 0.21 £ 0.11) GeV

L 1 L L | L 1 L 1 I 1 L 1 L | 1 1 1 L | L 1 L 1 I 1 1 1 1 | 1 L 1 L | L 1
123 124 125 126 127 128 129

m,, (GeV) my = 125.09 + 0.24 GeV

Signal strength (u)

A
T
e L
..only 5,154 authors! A
Adelaide lead institution © S
3 T T T | T T T T | T T T T | T T T T ‘ T T T T ‘ T T T T ‘ T T T T
C --- ATLAS H 7
B ATLAS and CMS -=-. ATLAS Hj%—uu 7
- LHC Run 1 s CMS H—yy -
25— winn CMS H—ZZ =4 —|
C e m— All combined ]
I % Bestfit ]
oL — 68%CL —
15 N, e N
[ ‘\“* . w "-___“ ‘I -
r LTI v 0]
1 % 5: — -
e T e i i
O 5 L 1 1 Il | 1 Il 1 Il | Il 1 1 1 | Il 1 Il 1 ‘ 1 1 1 1 ‘ 1 1 Il 1 ‘ 1 1 1 1 B
) 124 1245 125 1255 126 1265 127
my (GeV)

ATLAS and CMS Uncertainty in ATLAS
LHC Run 1 cembined resuit

Uncertainty in CMS

combined result

Uncertainty in LHC
combined result

ATLAS ECAL ity / p 1

CMS  photon nonlinearity

Material in front of ECAL | ]

ECAL longitudinal response 1
ECAL lateral shower shape [T
Photon energy resolution [}

ATLAS H — yy vertex and conversion
reconstruction :

Z s ee calibration [
CMS electron energy scale and resolution
Muon momentum scale and resolution [T]
ATLAS H — 1y background modeling [T

Integrated luminosity |
Additional experimental |

syslematic uncertainties
Theory uncertainties |

ATLAS
Observed

OJExpected

[P

Ty “H”‘ |

CcMS
Observed
OEsxpected

Combined
Observed
[CJExpected

Liealay

0 0.05 041

125.09 & 0.21 (stat) £ 0.11 (syst) GeV

0

The Higgs Boson is no longer a discovery - it is a precision measurement!
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Higgs in 2015 @ Run2 =N
: T
5 V71 C ey N L
= oL ATLAS Preliminary — G, ., my=12509GeV E S

% - A Hoyy o H=ZZ*—4l QCD scale uncertainty ]

b% 70 ¢ comb. data syst. unc. Bl Tot. uncert. (scale ® PDF+at,) _;

60 -

2\

50
40
30
20

10F _ o
- Vs=7TeV, 45fb"
oF Vs=8TeV, 20.3fb"
Vs=13TeV, 3.2 o
—107 8 9 10 11 12 13
Vs [TeV]

Higgs has fluctuated a little low at 13 TeV...
..... bad news if you wanted to see early S
effects of something showing up in loops
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SUSY

The
scalar
precipice

EW scale—!

GUT scale™

—

Mrs. SUSY

Mr. Higgs

Fundamental scalar
length scale
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If weak-scale SUSY existed, it could ...

* Moderate the hierarchy problem
by cancelling quadratic

divergence of SM scalar

« Equalise the number of
fermionic and bosonic degrees
of freedom, render existence
of scalar particles natural

« Realise grand unification of the
gauge couplings

» Provide a suitable dark matter
candidate

Supenymmetric Stamdaed Model
Myiay=Mz

0
log,;Q (GoV)
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SUSY @
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Spin 1/2 Spin O
. %
quarks < squarks <
leptons < sleptons <
\

Spin 1/2
> qune] G
v { 2 28 B 1

Spin O -
bosons
illustration by M-H Genest
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Spin 1/2 Spin O
. ¢
quarks < squarks <
leptons < sleptons <
\

Spin 1/2
Neutralinos { ...

Spln 0
bosons

illustration by M-H Genest
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SUSY — ATLAS Runl Summary /

S — - \ T
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary N L
Status: July 2015 Vs=7,8TeV A
iss - P
Model 6Ty Jets ET [Ldqm) Mass limit [F=7TeV | +F=8Tev Reference S
T T T — T T T T —
MSUGRA/CMSSM 0-3e.u/1-27 2-10jets/3 b Yes 20.3 §E 1.8 TeV m(g)=m(3) 1507.05525
4d, §—q¥) 0 26jels  Yes 203 |4 850 GeV m(E%)=0 GeV, m(1* gen. §)=m(2™ gen. §) 1405.7875
8 §d, G—g¥y (compressed] mono-jet 1—; jets  Yes 20.3 q 100-440 GeV m{g)-m(¥)<10 GeV 1507.05525
$ a2 gty [rby 2epu(off-Z) 2jets  Yes 203 |§ 780 GeV m(¥1)=0GeV 1503.03290
g kD g%‘[ffx I 0 2-6jets  Yes 203 | & 1.33 TeV m(})=0 GeV 1405.7875
‘3 28, B—qq¥y —»qu*X. 0-leu  26jets  Yes 20 | & 1.26 TeV m(¥})<300 GeV, m(E*)=0.5(m(})+m(z)) 1507.05525
28 3=aqq(L/tvivnE] 2ep 0-3 jets - 20 |2 1.32 TeV m(¥})=0GeV 1501.03555
g GMSB (7 NLSP) 121+01¢ 0-2jets Yes 20.3 g 1.6 TeV tang >20 1407.0603
% GGM (bino NLSP) 2y - Yes 20.3 2 1.29 TeV er(NLSP)<0.1 mm 1507.05493
'_g' GGM (higgsino-bino NLSP) Y 1b Yes 203 |& 1.3 TeV m(E})<300 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 203 |2 1.25 TeV m(V')<850 GeV, cr(NLSP)<0.1 mm, 4>0 1507.05493
GGM (higgsino NLSP) 2e,u(Z)  2jets  Yes 203 |& 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 203 | F'2scale 865 GeV m(G)>1.8 % 107 eV, m(z)=m(j)=1.5 TeV 1502.01518
S5 22 &'bej’(]) 0 3b Yes 201 2 1.25 TeV m(t})<400 GeV 1407.0600
0 g gl 0 7-10jets  Yes 203 | 1.1 TeV m(E%) <350 GeV 13081841
= E % goaf 0-1e.p 3b Yes 201 | & 1.34 Tev m(¥})<400 GeV 1407.0600
Nl o5 bk 0-1 e,y 3b Yes 201 |& 1.3 TeV m(F})<300 GeV 1407.0600
85 by, bi—bi) 0 2b Yes 201 |b 100-620 GeV m(¥})<90 GeV 1308.2631
§ § byby, by —t¥] 2e,u(SS)  0-3h Yes 203 | & 275-440 GeV miF)=2 i) 1404.2500
g% iy, i —bYy 1-2ep 1-2b Yes 4.7/20.3 | & {10S167 GeV 230-460 GeV miFT) = 2m(¥}), m(¥))=55 GeV 1209.2102, 1407.0583
3 fii, ;._.be. or 1) 0-2e.u 0-2jets/1-2b Yes 20.3 &1 90-191 GeV 210-700 GeV m(t)=1 GeV 1506.08616
@ = iR 0 monojetictag Yes 203 |7 90-240 GeV mF)-m(})<85GeV 1407.0608
- i r".ﬂ(natural GMSB) 2 (2) 1h Yes 203 |& 150-580 GeV m(F})>150 GeV 14035222
AT hih, hof +Z 3e,u(Z) 1b Yes 203 |& 290-600 GeV m(¥})<200 GeV 1403.5222
e br)?? 2ep 0 Yes 203 |# 90-325 GeV m(¥)=0GeV 14035294
A‘qﬁ?[ xl —Iv(lv) 2ep 0 Yes 203 |.X} 140-465 GeV m()‘(‘.’):o GeV, m(7, "):o.s(mu?f)m(fﬁ’)) 1403.5294
- ,m& ¥i =) 2r - Yes 203 |# 100-350 GeV v‘c.) 0 GeV, m(7, )=0.5(m(E} )+m@F 0 1407.0350
= Xiva—oh u? [(vv) 57 L(v) 3ep ] Yes 203 |i50) 700 GeV mE})=m(¥3), m(¥})=0, m(( #)=0.5(m(¥] )+m(i})) 1402.7029
l ﬁ L I L 1
W= xlxﬁwx z)(E 2-3eu  0-2jels  Yes 203 JE,*,J?i 420 GeV m{E)=m(i3), m{¥})=0, sleptons decoupled | 1403.5294, 1402.7029
X )h—"-‘U(\hXh h—bb/WW/ttjyy € MY 02k Yes 203 | i;,4) 250 GeV m(¥)=m(i3), m(¥})=0, sleptons decoupled 1501.07110
peded X, 3 =Rl dep 0 Yes 203 A 620 GeV m(F2)=m(¥3), m(F\)=0, m(Z, 7)=0.5(m(F3)+m(i})) 1405.5086
GGM (wino NLSP) weak prod. Tep+ - Yes 20.3 W 124-361 GeV cr<1mm 1507.05493
p HEy
Direct ¥1¥] prod., long-lived jf, Disapp. trk 1 jet Yes 203 fz 270 GeV m{E7)-m(F))~160 MeV, r(¥})=0.2 ns 1310.3675
Direct X1 4 prod., long-lived 7  dE/dx trk - Yes 184 | K 482 GeV m{E7)-m(F))~160 MeV, r(¥})<15 ns 1506.05332
§ @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(¥})=100 GeY, 10 us<r()<1000 s 1310.6584
S G Stable g R-hadron trk - - 19.1 2 1.27 TeV 1411.6795
gn-_- GMSB, stabler -z, mﬂ.(,, w) 1-2p - - 19.1 j"z 537 GeV 10<tang<50 1411.6795
o E_ GMSB, ¥ =G, long-lived &) 2y - Yes 203 | X 435 GeV 2<7(¥})<3 ns, SPS8 model 1409.5542
= 1Y g 1 )
2, X?%ﬂev{ ey gy displ. ee/eptfup - - 203 |y 1.0 TeV 7 <ct(¥)< 740 mm, m(@)=1.3TeV 1504.05162
GGM zg, V126 displ. vix + jets - - 203 |.&) 1.0 TeV 6 <ct(i)< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—¥: + X, Vr—ep/er/ut eHLET T - - 203 | ¥ 1.7 TeV  43,=0.11, di32j133/232=0.07 1503.04430
Bilinear RPV C-MSSM 2e,u(SS) 0-3b Yes 20.3 4.2 1.35 TeV m(g)=m(g), eTp5p<1 mm 1404.2500
Xm <X| —»wx.,)(.—-eavu.fpv, dep - Yes 203 |i7 750 GeV m(F])>0.2xm(F7), 4,20 1405.5086
= I xl B Wi o, eri, Bep+T - Yes 203 |# 450 GeV m(E})>0.2xm(E}), 4133 #0 1405.5086
& 28, g—)qqq 0 6-7 jets - 203 | & 917 GeV BR()=BR(5)=BR(c)=0% 1502.05686
&, g—)qXL‘ B = qq9 0 6-7 jets - 203 |2 870 GeV mi¥})=600 GeV 1502.05686
B8, p—iit, | —=bs 2e,u (SS) 0-3b Yes 20.3 £ 850 GeV 1404.250
fify, i—bs o] 2jets+2b - 20.3 i 100-308 GeV ATLAS-CONF-2015-026
fify, ii—bl 2ep 2b - 20.3 i 0.4-1.0 TeV BR(7, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, - 0 2¢ Yes 203 |& 490 GeV m(¥})<200 GeV 1501.01325
L " s L L PR | L L s L s
-1
10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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SUSY: Strong Production 3
Squark and Gluino mediated light jets
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Searches in Run 1 — anomalies....there was one! (

L+jets+MET

...excess of events above the expected Standard Model

background is observed, with a significance of 3
standard deviations

o
~

- ATLAS

| SR-Zee

Events / 2.5 GeV
o

o
T

[ s=8TeV,20.31b"

T T T[T T T[T T [T T[T I T I T

—e— Data

##% Standard Model

] Flavour Symmetric

[ Other Backgrounds

------- m(g) u=(700,200)GeV.
e M(@) 1=(900,600)GeV

| ATLAS

[ s=8TeVv,20.3fb"
[-SR-Z ee

-
ny

-
(=]
T

Events / 25 GeV

o]
T

.......

200 250
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:I ‘;%//;// ] .| e

300 350

—e— Data ]
%#% Standard Model |
] Flavour Symmetric |
[ Other Backgrounds
------- m(g)u=(700,200)GeV "]

s m(G) 11=(900,600)GeV -

400 450 500
E™® [GeV]

Events / 2.5 GeV

- ATLAS

[ s=8Tev, 203"
?SH-Z up

—_ -
o n

=)
T

—e— Data 4
%4 Standard Model =
[] Flavour Symmetric |
[ Other Backgrounds
....... m(g) u=(700,200)GeV |
v (@) 41=(900,600)GeV

8284 86 88 90 92 94 96 98 100

m, [GeV]

4
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An anomaly => but it looks fishy....

More events in electrons than muons,
Doesn’t look much like the signal they
proposed.

We’ll have to see what Run 2 brings...




SUSY: Strong Production )
Squark and Gluino mediated light jets. : ATLAS Prelminary %%;%igéﬁggf I é
The workhorse of the SUSY group - if 5 1 R -
you predict an excess in many/most 2 -
channels you often have to reconcile it . |
with the results here. i

No excess observed so far in 2015!

1
> B B 2 R B o o e B B o
SR2jl r SRejt
g ATLAS Preliminary > g 5 ATLAS Preliminary o Dala 2015 g }_g
=] \s=13TeV, 321" — SM Total 1 & \1s=13TeV, 32" — SM Total ® 14
hy 2 [ Diboson | = r [ Diboson T 1.2F
o UL, 2 Jet SR W Zojets E W Zets s N %\ \\\\ \\\ \\ \\\ \\
= na = [ t(+EW) & single top 1 © 10¢ [] t(+EW) & single top 82 =
g I WHiets g F [ W+jets 04 =
o [ Multi-jet ] [ Multi-jet 0.2 —=
qq direct, r i - == gg onestep, 1 0 . . . - =
i : m(G, )=(800, 400) i m(g, x;, ¥)=(1385, 705, 25) | 2jl 2jm 2jt 4jt 6jt
Slgnal Region
1:
1 F

Always caveats! Be careful making blanket

- p : interpretations of any SUSY search
el it st
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1
j3- 3
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= 1200 T L e e e e I B e e e e B = 1400 ATLASPI LR L B B BLALELE BN
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& [ ATLAS Preliminary —— Observed limit (+1 G;us;) ] & [ ATLAS Preliminary . Observed limit (HG?SJ . 3, - rel rnlnary . = Observed limit EHUﬁ”f;J .
R miss - ol miss 7 I A
s 100070 lepton + 2-6jets + ET* L. Expected Imit (+10,) ] o 1200 0-lepton + 26 jets + T L Expected linit (+10,) | 2 1200/ O-lepton +2-6 jets + T . Expected limit (+10, |
L - L i 1 -
[ s=13Tev,321" — ATLASS8TeV,203f0" [ s=13Tev,32f0" — ATLASSTev,2031" [ s=13TeV,321b —— ATLAS8TeV,20.310"
- - 1000— — 1000{— —
800— All limits at 95% CL — N All limits at 95% CL ] r All limits at 95% CL ]
- 1 800/~ ] 800[— —
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. ] r L] ] C i 3
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S0 400 600 800 1000 1200 1400 S0 400 600 800 1000 1200 1400 1600 1800 2000 400 600 800 1000 1200 1400 1600 1800 2000
m; [GeV] mg [GeV] mg [GeV]

PR THE UNIVERSITY
of ADELAIDE




SUSY: Strong Production 3
Squark and Gluino mediated light jets: 7-10 jets and O leptons
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£ T T T T T T T T c T T T T T T T
o T T T T T T o i a -
<1 ATLAS Preiminary  » Dat 510° ATLAS Prelnmma[‘y « Data 4 ATLAS Preliminary « Data
K] T e ala £ \s=13TeV, 327" 2 \s=13Tev, 32107
1s=13TeV, 32157 4 Total background H CR 7j50-0b ##% Total background £, e %4 Total background
¥y VRJ 6i50-0b " . 3 L £ =l I S 10 CR 7j50-1b i
P (] tIg"!ultuell f‘zsrleldala) ] 5 [Clti-a, Jir] =gl
= —=ql, 10 Bl W -+ jets H
H W b jets I Other BRI v ets
B Other M benchmark 10? [ Other
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Q
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S5t > S5 s 2
2 ST Y M%/// g 1= — /W//%// ....... Z1s | : %
02 4 6 8 10 12 14 16 18 6 = 05E ;
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As we increase the number of steps in the
decay chain we increase the number of objects
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o 15=13TeV, 3217 E
1 : #4# Total background . -
35, SR 8j80-2b [ Multijet (=5-jet data) | pMSSM: M =60 GeV, tanf=10, <0, M =3 TeV, m(@=5 TeV, (=5 TeV 59,8 — quZi?: M )=m@+mE2, mE)=[m(E)+m(E))2
5102 tt—aql _ = 800 L B < R B e e e N RS RN
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......... 3 S - ; c 600 B
il 500/ 3 = 3
................. - - ATLAS 3 5007z ]
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SUSY: Strong Production — multi b-jet signatures

A
T
L
A
H : H H H L B B B LN B S S S
Search for gluino production in 8 signal regions 310 ATLAS Proliminary 8, DS
. . . . . . o \s=13TeV, 331" e i
with multiple b-jets aiming at decays with b and e i:t;prese'ecnon ot
E m., m_,=1700, 200 (g x 100 E Z+jets
top quarks L% 107 ks Gbb: my, m, "_1400 soa(oxioo)ggigsin

=
w
s 1%&\\ M W&\% \\\\
Q [ T 1
800 - 300 - 400 500 600 ‘ I?bOI - ‘800
ET** [GeV]
Signal Categories - 1600 a9 produchon g—»bb+x m(q) >> m( ) N —
. pe . . o C ATLAS 8 TeV, 20.1 o'
- OLand 1L (specific for multi-top signals) %N,moo - f?;‘;ﬂ,ssﬂbr?"m'nfry — P
- Number of jets, b-jets and MET 1200 £~ oL
. 1000 [~ 3
Improvements to the analysis - .
. 800 [ —
Use of boosted tops, New selection cuts i .
600 [ =
Backgrounds 400 | =
Top background (dominant) from CRs (in MET) 200 | e
Other backgrounds from MC 0 o0 20 7a0  deoo 1800 2000
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SY: Strong Production

Studies of multi b-jet final states using the
Recursive Jigsaw Reconstruction technique

Paul dJackson " Christopher Rogan® Marco Santoni =

THE UNIVERSITY
ADELAIDE

The Jigsaw variables Results

. For the topology studied it is possible to compute 13 jigsaw variables estimated inthe reconsiructed rest frames Thesignalgon can e sed for e i
i " e een A producio
e doule inmzaten o E9. ) ard 2 provies sk sl disutons o vavith 11, Ty
i d crminato " onvibutons of mu»m unds and the
an e 1 écirated ity o730

¥ models are o

309% total uncertainy of the
standard model backgrounds

i higher glino
The Jigsaw variables are largely uncorelated. n i e tightening the

Foran ncgrated uminoiy f 10, of LHCL4 and 500 ol uncorainy of h sandard

Signal region model backgrounds iR clfo e

lr selection criteria

Future work
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For colimated ot resobed et th il sates
) Sgsaw rteria alang o

SR N
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nvariant mass betw mmm»m sible pair combination ETh) and VB
« allviible objects.
“The ligsaw technique evaluates the neutralino &-moment ) i The study can be extended to higher eigensiates of mass of and
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electroweak sector because o the K ot
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SUSY: Strong Production /

A
»\ I
Squark and Gluino search in SS dilepton and 3-lepton A
Ly t
5% p ; W
- ~0
~ o ~+
< X? 5 -~ Xl 55(1)
5% p W
(/v "
Signal region | Np&™ | N2 . | N2 | EX™ [GeV] | meq [GeV]
SROb3] >3 —0 >3 ~9200 ~550 Various signal regions probe
SROb5; >9 —0 >5 ~195 ~650 different processes we may
SR1b >9 >1 | >4 ~150 ~ 550 be sensitive to
SR3b >2 >3 _ >125 >650
> > EFroT T LR B LI > 16 LR B UL
3 14 ATLAS SROb3j beforeE —: 8 8;_ SRObS5j before E"‘“cut ATLAS 8 14:_ ATLAS SR1b beiore E7* cut E
g ] |s=13TeV.3:zlb" 0 ;gle\l.'ltqrotal — _: @ 7‘ ;g:ﬁrota\ ECharge-Fiip \s=13TeV, 32“’1 _________ § E (e=13TeV, 32" g:ﬁrota\ WCharge-Flip]
2] ---- SUSY g— qq\b"g1 EWZ, WW, ZZ @Rare ] k2] E BEWZ, WW, ZZ Ottw, tiZ 0 12 SUSYbain |:|Fake Leptons @Rare -
5 1 .=1.3 TeV, m_ =500 GeV [JFake Leptons @Charge-Flip]| S 6? [OFake Lepiuns lFlareG S m;]_BDO GeV, m_ _50 Gv Otw, ttZ @EWZ, WW, Z2
g “ L SR a 10
........ 42 % L
3
2
1
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Squark and Gluino mediated 2lep+MET+jets

Region E%’i“ Hy Njets m SF/DF Adg(jets, p?}‘iss) mr(f3, Er‘fi‘iss) Tlh-jots
[GeV] [GeV] [GeV] [GeV]
Signal regions
SRZ > 225 >600 =2 81 <mygy <101 SF > 0.4 - -
Control regions
Z normalisation < 60 > 600 >2 81 <my < 101 SF > 0.4 - -
CR-FS > 225 =600 =2 6l <mg <121 DF > 0.4 - -
CRT >225  >600 =2 me ¢ [81,101] SF >0.4 - -
Validation regions
VRZ < 225 >600 =2 8l <myg < 101 SF >04 - -
VRT 100200 > 600 =2 my ¢ [81,101] SF > 0.4 - -
VRS 100-200 >600 >2 81 <mye < 101 SF > 04 - -
VR-FS 100-200 > 600 =2 061 <myge < 121 DF > 04 - -
VR-WZ 100-200 - - - 3¢ - < 100 0
VR-Z7Z < 100 - - - 4¢ - - 0
VR-3L 60-100 >200 =2 8l <myg < 101 3¢ > 04 - -
R L — —
%J ATLAS Simulation Preliminary E %1 0 ATLAS Preliminary -e- Data 2015 3
g \s=13TeV,3.21b" e ZIyMC ] g \s=13TeV,3.21b" % Standard Model (SM) | VRS VR-WZ, VR-Z7Z. VR-3L
—1 3L VRZ ee+ppn —. 3 2L+MET+Jets ee+pup .Zl'y’ (from y+jets)
~ ~10 "= Observed events 56 89 20 7
2! 2! El Flavour symmetric E
S, @ (] Rare top 4 Total expected background events 526+9.1 87+10 155+34 65+16
=1 ERE wzizz ]
w 7 W2 = ~  Flavour symmetric (¢, W, WW and Z — tr)events 18948 13:04 0 03+02
: 1 WZ[ZZ events 75+17 82+10 155+34 49+1.6
E 1 Z{y" + jets events 24876 27+28 0 02+02
] 10 Rare top events 1402 09x04 004+002 1.0z£01

—_

Control regions look good.
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SUSY: Strong Production 3
Squark and Gluino mediated 2lep+MET+jets

ne»r-=>»

—— Data 2015

%4%; Standard Model (SM)
Bz

[ Flavour symmetric

[ JRaretop

CIwzzz

%‘I{/t///g g/////tﬁ ATLAS Preliminary
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!
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N\

But wait!!

[l =]

N

+*

Observed events

(Nﬂ Nesp V6,04
=
I

Total expected background events
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Rare top events 04+0.1

p-value 0.013

Significance 22
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(o] [ ee+up B 2+ (tromy+jets) ] N [ eu+ue B 2+ (tromy+jets) ] — - SRZ ee+up B 2 romyiets) b
~ - B ~ - B W r |:| Flavour symmetric 1
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SUSY: Strong Production

—— Dal; 2015

%4%; Standard Model (SM)

I 2y

[ Flavour symmetric

[ JRaretop

CIwzzz
ATLAS Preliminary
\1s=13 TeV, 3.21b"

(Nﬂ Nesp V6,04
=

Squark and Gluino mediated 2lep+MET+jets

~<
=0 =O

N 3o

ne»r-=>»

Maybe an excess - but it isn’t this particular
signal process. Otherwise >=8 jets and 0 leptons

would see it!

Unless (trigger, too little MET etc etc)...

2 5 6 7 5 90T
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T ATLASPreliminary—e— pata 2015
[ 1s=13Tev,3.2fb"

e

%422 Standard Model (SM) |
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I:l Flavour symmetric

O I Y
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|:| Flavour symmetric 1 — [ I:IFIavoursymmelric
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scalar

bottom
searches

300 ===
T t
scalar top mier) RS : )
250 A
searches [GeV] = e P i 0
1--'--'--'- L Th - - Xl
(A -
T e P
) ¢ 150 a"".f_'j".’_':-j'.:}':::: ti,—=>ff'bi? .
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Scalar bottom searches — still no excess at 13TeV

A
T
b % 45: T T L T T E 9 k
= ATLAS Prelimina e Data =
p i é o mbg(onv) = [Br(n) + Br(m)— Bap oAz s ; -
b v 2 FE —— E
> a pr(on) —pr(v)?  Set =i 3
- ] 255_ — — m(5}=700, mEE)=1 _f
.~ )'a} n . 20;_ SRA250 _;
p ’ i Hp3z = Z( i 15F- =
b = 10F- -
52— _IT—L.—_;
0 lepton + 2 b-jets + MET = ]
Primary signature for direct sbottom production 5 | - R 4’, vvvvvv e I
Direct StoplL sensitivity for small Am(5*, ¥°) B o B %0 '[ée'sgm
n tl — bX Bottom squark pairproduction,51—>bi°
5 800 prrrrprr T : NPT
Analysis method: & [ ATLAS Preliminary |~ %" M 1 %0
. ‘_3;;700 } ----- Expected limit (£10,,,)
» Trigger: E;Miss E L \s-13Tev, 320" -
. 600 — . . ——— ATLAS ET™ + 2 biets, 20.1 1, V5= Te—]
Selection: E;™ss, 2-b-jets, lepton veto A "“'tsgtgf”“ o y :
- Best R ) ATLAS monojet, 20.3 fb™, 15=8 TeV =
 Large Am(b,,x°%): large m¢;, m, > 200GeV, i S/ e .
31 jet veto “00f R E
*  Small Am(b,,X%): require an anti- b-tagged 300 / o E
ISR jet, large H;; and E;™ 200 \ =
* Main backgrounds: Z(vv)+bjets, W+bjets, tt .
100 -
from Z(ll)+bjets;| | from single lep or = AT TR | | RTTS:
COI’]tI’Ol reglon e/lJ ContI‘Ol reglon 100 200 300 400 500 600 700 800 90?'1150[06081\;]00
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Olepton + 6 jets (2 b-jets) +E;™ssanalyses /

A
T
. — — e R L
Trigger E7'es E ATLAS l .‘ Data 2012 A
N 0 S 444« SM Total 7] S
lep s} o _[L dt=20.11b"\s =8 TeV  — Single Top E
b-tagged jets > 2 o 10 SRA1, SRA2 = TV —
Emiss > 150GeV § I — -
A (jet, pmiss)‘ > /5 w '5!31'%5’?"(%00 1) GeV |
A(;b ( mlss, p@liss,track) < 7[_/3 |
mbh ™ > 175 GeV ]
[ SRAI | SRA2 | SRA3 | SRA4 |
anti-k, R = 0.4 jets > 6, pr > 80,80, 35, 35, 35,35 GeV - 1
my < 225 GeV [50,250] GeV e
ml < 250 GeV [50,400] GeV
min[mr (Jetl, p‘mss)] - > 50 GeV
7 veto yes
Emiss > 150 GeV | > 250 GeV | > 300 GeV | > 350 GeV. ; AND/ ;
o
One example of selection showing fully t OR
resolved signal regions P
t 44., % - . i
- X1 i, production, £, — 17 or t; — bi" (m =2xm,)
T~ %SOG:ATLAISIIIIIIIII:IIIII‘IB10(|)/(b):
: =~ ~ E —_ % (obs =
Main Backgrounds 7 X7 S s ) o) =
. . . P g*’ 400E- JLdt =20.1fb , vs=8TeV — B=75% EZES; =
«  Semileptonic tt with one = Allhadronic —snms)
m|SS|ng (Or hadronlc tau) ¢ 350§ Excluded Limit at 95% CL oD — B-25% Eobs; 3
) ) 300~ ‘0:/ Pt B0 (O‘i;:’) =
lepton: normalise with 1-lepton 250E- o ep) 3
control region (CR) in data 200 E
. . . 150 — —
« Z(vv)+ normalise with Z(ll) CR , _ 3 : 3
Challenging fully hadronic search '®E : E
« tt+ W/Z taken from MC exploiting large MET regime, S0E <1025 Gev
sensitive to t+LSP decays 800 300 T R R R
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Stop searches - summary

A
A T
L
A
S
tf, production, t—> bt %%/t > c7 /to> Wb /T 17
4P oy X=X L= U,
; 450 [T T 17T | 17T 11 | T 171 | T 171 | T
. . . (0] - - 1 Vo=
t,t, production, t, — nﬁf,f—» W“i?, ATLAS Preliminary, L, =20 " ys=8TeV, Status: ICHEP 2014 (D L ATLAS o Internal Lint =20fb ﬁ_s Tev
%‘ :I LI B N B B B B B B B B N LB R B I: : —_ 400 I t1% t i tOL/t1 L Combined
% 350}-m‘i:mi?+5aev 0-1L [1308.2631), [1407.0583) _i -m‘:=1502ex 0-1L[1308.2631], [1407.0583] —: ozp-e'_ : -'f1_) ti? t2L= SC
<k m,. = m.+20 GeV 0-1L[1308.2631], [1407.0583] JF B, =105GeV 121 11407.0583), [1403.4853] q L ~ 0 -0
E 300 ' © PEPELRN AF m ™, - 108GeV 120 1208.4305], [1209.2102] L = 4.7 16" 457 TV ] E [ - £1_) Whi/bif XI WW

E a2 - E LEP E 350 — —. 5*) Wb i] t1 L, t2L
o S I = aime . - EEiocy te
»0 E I A imits atesne o T EEiobif )"(_? tc, t1L 170 180 190 i

of- 3 =

: ; e 300 — oObserved limits === Expected limits Al limits at 95% CL ]
150 7 B - —

E 1 3 : &, ,,@2\7 e ~, N
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2 F Elme=2xm, 12L1z00.2102]L =47 1s=7TeV I [ ‘ ] — ! _
E 300k ' ' aF & = 150 — ! —]

£ 1k S, ] - -

3 E| S E - .
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: E| i 100 . -
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3'd generation searches — Run 1 summary

tf, production, t,— b 17 72/ 1— ¢ ¥, / > Wb X /Tt %,

;‘ 450 [T T T 1 | T 171 | T T | T T | T T | T 11 T T T ]

fD _ ATLAS Internal L -20fb"'Vs=8TeV % g

(5 I‘Int 154 E

= 400 — 31—> t5 toL/t1L combined o E

e - B {.1—> %, , , tLsc

C -J—)be/bffx1 WwW 3

350— E=@t->Wby t1L, t2L

t,f, production, t,— ti‘: D%, if—) W(.)ﬁ?, m.=2m, B - }'1_> c z0 1 tc p ‘

- T T T T T T i T T T T T | ~ 1‘ N E

E 400— ATLAS Preliminary x = BR(—>t%,) ] [ Elltobr X? te, il 190 my [GoV]

3 [ [amoniismr —x=0% 1 300 — oObserved limits ==+= Expected limits  Alllimits at95% CL ]

350(— T — = 50% — = —

0, — A~ . T N —

- 0/1L + jets + Efr"'ss o : = 75 /f,o - L &V @&/ & ::'/ "_.-"' .

300\— 100% _ 250— . —

| -- Expected limits = Observed limits P ﬁl].![miff..at 95% CL i B ]

250 } . — N 7

....... 4 200 ]

200 &S el — - .

150 -4 1501 -

100 i , ]

| S 100 —

0 300 700 500 500 00800 _

mt-’ [GeV] 50 =

. . . 0 . T
Simply altering the stop branching 200 300 400 500 600 700 800

fractions alter the limits severely m; [GeV]
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SUSY: Electroweak Production

ATLAS \1s=8 TeV, 20.3 fb”
;‘ _IIII|IIII|IIII|IIII|IIII|IIII|II_
O ool XXy = via I/ ¥ 2l,arXivi1403.5294 - - - . Expected limits
— L —— via 7T/ V. 21, arXiv:1407.0350 o . _
e B —— via WW  2I, arXiv:1403.5294 All limits at 95% CL
zf_f 500— ..., — via 1/ V 21431, arXiv:1509.07152 ms, ?L,v=05(m %+ M) —
c — XX> via T/ V. 2t+3l, arXiv:1509.07152 —
B — Via WZ 21+3l, arXiv:1403.5294 7]
B via Wh  Ibb+lyy+FT"+3l, arXiv:1501.07110 7
0.0 ~

400~ 7,7, — via T, 31+4l, arXiv:1500.07152 ]
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Long-lived particles

A
A T
g R-hadron — g/qq 52? , mz* =100 GeV Status: June 2015 h ‘L\
— 2000 1 S
% B Displaced vertices arXiv:1504.05162 - 0= - Expected limits
O, [ —— Jets+l=_'rTliss arXiv:1405.7875,ATLAS-CONF-2014-037 .
> 1800 — Pixel dE/dx arXiv:1506.05332 o Oksﬁss?rvec.l limits
S | ® Stablecharged  arXiv:1411.6795 95% CL limits. Gy.gor, N0t included
c B s : . 18.4-20.3 b, Ys=8 TeV
o B topped gluino  arXiv:1310.6584 .
— 1600 — ATLAS Preliminary
E I
S 1400 |
= P :
o L O : :
- | : [ ]
1200 —
1000 [~
800 [ i
S 3
600 |~ . - Rt 7
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 What makes something “Exotic”?
« If = SUSY .and. = HIGGS .then. EXOTICA!

* More generally SUSY tends to have large missing
momentum and Exotics doesn’t necessarily (although
RPV and Long-lived SUSY mess with this paradigm)

« Also, Exotics is the place where non-SM resonance
searches are performed (although they overlap with BSM
Higgs)

« Take >=2 SM objects, plot the invariant mass and look
for a bump - Easy © (Maybe ©®)
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Exotics: Runl summary

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt = (4.7 -20.3) fot Vs=7,8TeV
Model Ly Jets ET fram Limit Reference
L " N L | i N o i v T

ADD Gkx +£/q - >1j Yes  20.3 n=2 1502.01518

ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ 1407.2410

ADD QBH — ¢q ey 1j - 20.3 n=6 1311.2008

ADD QBH - 2j - 20.3 n==6 1407.1376

ADD BH high Ny, 2u (SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075

ADD BH high ¥, pr >leu >2j - 203 n =86, Mp = 3TeV, non-rot BH 1405.4254
ADD BH high multijet - >2j - 203 n =86, Mp = 3 TeV, non-rot BH 1503.08988

RS1 Gkk — £ 2eu - - 20.3 kiMg =01 1405.4123

RS1 Gkx — vy 2y - - 20.3 kiMp =0.1 1504.05511

Bulk RS Gyx — ZZ — qqtt 2ep 2j/1J - 20.3 kiMg =1.0 1409.6190
Bulk RS Ggx — WW — qqfv 1epn 2j/1J Yes 20.3 kiMp =1.0 1503.04677
Bulk RS Gk — HH — bbbb - 4b - 195 | Guk mass 500-720 GeV. kMg =10 1506.00285
Bulk RS gk — tT leu 21b,21J2] Yes 203 BR=0.925 1505.07018
2UED/RPP 2e4(SS) 21b,21] Yes 20.3 1504.04805

SSM Z' — £ 2eu = = 20.3 1405.4123
2  SSMZ -t 27 - - 19.5 1502.07177
SSM W’ — &y Teu = Yes 20.3 1407.7494

g EGM W' — WZ — fvEe 3epu = Yes 203 1406.4456
EGM W' = WZ — qqét 2eu 2j/1d - 20.3 1409.6190
% EGM W’ = WZ — qqqq - 2J - 20.3 1.3-1.5 TaV| 1506.00862
HVT W' — WH — ¢{vbb lepu 2b Yes 20.3 1503.08089

G lnsm Wy, - th lep 2b01] Yes 203 1410.4103
LRSM Wy, — tb Oeu >1b1J - 20.3 1408.0886
Cl gqqq - 2j - 17.3 1504.00357

Cl qgtf 2eu - - 203 e =-1 1407.2410
Cl uutt 2e,u(SS) 21b,>1jf Yes 203 [Cul=1 1504.04605
= EFT D5 operator (Dirac) Oeu 21j Yes 203 at 90% CL for m(y) < 100 GeV 1502.01518
Q EFT D9 operator (Dirac) Oeu 1J.,€1]  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e >2j - 20.3 B=1 Preliminary
Scalar LQ 2" gen 2u 22j - 20.3 B=1 Preliminary
Scalar LQ 3" gen 1eu 21b,23] Yes 203 B=0 Preliminary
VLQTT - Ht+ X leu 22b,23] Yes 203 Tin (T,B) doublet 1505.04306
.g VLQ YY - Wb+ X leu 210,23 Yes 20.3 Y in (B,Y) doublet 1505.04306
) VLQ BB — Hb+ X 1ep 22b,23] Yes 20.3 isospin singlet 1505.04306
o VLQBB - Zb+ X 2/>3e,u  =2/z1b = 20.3 B in (B,Y) doublet 1409.5500
Tspa — Wt ey 21b25] Yes 203 1503.05425
Excited quark g* — gy 1y 1j - 20.3 only u™ and d”, A = m(q") 1309.3230
Excited quark g* — gg - 2j - 20.3 only u” and d”, A = m(q") 1407.1376
Excited quark b* — Wit lor2epu1b2jorlj Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
Excited lepton £ — £y 2epu 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — £ W, vZ 3eut - - 203 A=16TeV 1411.2921

LSTC a7 — Wy 1euly - Yes  20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020

. Higgs triplet H** — £¢ 2e,u(SS) - - 20.3 DY production, BR(H* — £6)=1 1412.0237
Higgs triplet H*= — £r 3eput - - 203 DY production, BR(H* — £r)=1 1411.2921

§ Monotop (non-res prod) 1epn 1b Yes 20.3 Znon-res = 0.2 1410.5404
Multi-charged particles - = = 203 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary

L L P A | L 1

MR | MR B B | " L " "
10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
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Long-lived particle searches: Runl summary

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 [Ldt=(18.4-203)fb!  5=8TeV
Model Signature  [Ldt[™] Lifetime limi Reference
RPV x? — eev/euv/puv  displaced lepton pair 203 [} m(g) =13 TeV, m(x?) = 1.0 TeV 1504.05162
GGM - Z& displaced vix + jets  20.3 [ Xlifefime I 6480 mm| m(g) =1.1TeV, m(x?) = 1.0 TeV 1504.05162
AMSB pp - x2x0.xix;  disappearingtrack 203 | X7 lfetime . oz230m m(x}) = 450 GeV 1310.3675
AMSB pp —» x50, xix;  largepixel dEidx  18.4 | x lfetime . 1390m m(x}) = 450 GeV 1506.05332
GMSB non-pointing or delayed y 20.3 | 7 lifetime - o08sam SPS8 with A = 200 TeV 1409.5542
Hidden Valley H — mym, 2 low-EMF trackless jets  20.3 | =, lifetime . 04175Tm m(ny) = 25 GeV 1501.04020
g
= HiddenValley H > mm,  2IDMSvertices 195 | lifetime [esiasAm| mim) =25GeV 1504.03634
I
o
'a FRVZ H - 2y, + X 2 e—, pu—, n—jets 203 | valifetime _ H = 24+ X, m(y4) = 400 MeV 1409.0746
T FRVZH -4+ X 2 e, pu—, m-jets 203 | yalifetime [ 5260 mm| H = 4yy + X, m(ys) = 400 MeV 1409.0746
Hidden Valley H — mm, 2 low-EMF trackless jets  20.3 | m, lifetime  o650m m(n,) = 25 GeV 1501.04020
Hidden Valley H — mm, 2 ID/MS vertices 195 | lifetime - na3sam m(m,) =25 GeV 1504.03634
FRVZ H — 4yq + X 2e-,u-,m-jels 203 |y lfetime . 28160mm H = 4y + X, m(y4) = 400 MeV 1409.0746
=~ Hidden Valley ® - m,7, 2low-EMF tracklessjets 203 [ m, lffetime - o2879m oxBR = 1 pb, m(r,) = 50 GeV 1501.04020
A
&
§ § Hidden Valley ® — mz, 2 ID/MS vertices 195 | m, lifetime [ videeaeim o xBR = 1pb, m(r,) = 50 GeV 1504.03634
Hidden Valley ® — m,z, 2 low-EMF trackless jets  20.3 my, lifetime oxBR =1 pb, m(x, ) = 50 GeV 1501.04020
Hidden Valley ® — m 7, 2 ID/MS vertices 18.5 m, lifetime oxBR = 1 pb, m(m,) = 50 GeV 1504.03634
- HV Z’(1 TeV) = gvqv 2 ID/MS vertices 203 | m, lifetime oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
[}
=
Q HV Z'(2 TeV) — quqy 2 ID/MS vertices 20.3 m, lifetime o%BR = 1 pb, m(m,) = 50 GeV 1504.03634
il L PR R sl ey
0.01 0.1 1 10

of ADELAIDE

100 ¢ [m]

*Only a selection of the available lifetime limits on new states is shown.
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> E T T T T E| > B T AL B > B 1 L L =]
& [ ATLAS —e—Dala 3 &  F ATLAS —e— Data & [ ATLAS —e—Data .
8 |, [ 's=8Tev,203f" F=Dacgaramedel o - S 10°k1s=8TeV,20.3fb" &= Background model S 10°1s=8TeV,203fp" &= Background model 4
- 10 s T‘;V COM W 2: ;3 a E — 1.5 TeV Bulk Gq, k/M,, = 1 hy E — 1.5 TeV Bulk Gpg, kM, =1 3
2 e 25 TeVEGMW =1 E 2 4[] 2.0 TeV Bulk G, k.me =1 2 4™ 2.0 TeV Bulk Geg, kM =1
o 10 — Significance (stat) | o E —— Significance (stat) e E Significance (stat) =
w E I Significance (stat + syst) E w 10 ; Il Significance (stat + syst) w 10 ;_ I Significance (stat + syst) _;
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= - ATLAS —— WZ Selection
g 10¢ ! =
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TE E
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Exotics: Runl - diboson resonances with boson-tagged jets

Exotic High-Mass Anomalies

* Diboson “bump”: VV =»]jjj around 2 TeV?

— 3.90 local significance, 2.56 global significance

10 ATLAS
\s=8TeV, 2031
10°

102

10E

alpp — W) x BRIW' — WZ) [fb]

1E

107

Seen at both ATLAS and CMS!
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e —
—e— Observed 95% CL

------ Expected 95% CL
[ + 1o uncertainty

|:| + 2¢ unceirainty
— EGM W', c=1

0? 19.7 fb” (8 TeV)
3-1 o ] L L L
£ " fcms Mg M, 2
_ i Cosarved limit
.a sevmens E=Ep@ciGd lirmit
@ [ Espeded = 1a
‘T‘ [ Ezpacted = 2 ¢
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= 10E
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Exciting (@ Run 2!




Early Searches for Exotic New Phenomena

—
o

—
T

— . ——
b ratios of LHC parton luminosities:
13TeV/8TeV,7TeV/8TeV

luminosity ratio

MSTW2008NLO

100
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Ratio of 13 TeV / 8 TeV
Cross sections:

- Z at3TeV: 20

- q*at4TeV: 56

- QBHat 5TeV: 370
- QBHat 6 TeV: 9000
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[\

Di-Jet Event
Highest Mass Central Dijet
pT,=pT,=3.2TeV
m,=6.9TeV
MET = 46 GeV

JATLAS

A EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST

ARC Centre of Excellence for
Particle Physics af the Terascale

) o ADELAIDE COEPP




/

A
T
L
Update on Dijet Resonant Searches -
1512.01530
Dijet search for a peaking signal in invariant g Fr T ATLASE
D, 5 —
mass spectrum = \s=13 TeV, 3.6 fb” S
E » Data 3
o 10° M Background fit -
- Models: Sensitive to Quantum Black Holes (Close = — BumpHunter interval 3
. , , - —o- @, m,=40TeV §
to Mass Scale), Excited quarks, W’ and Z 1ok o QBH(BM), m_= 6.5 TeV—4
- Background: Using simple analytic fit function 102 A .
E g, ox3 E
- Using Bump Hunter technique to identify most 10 QBH (BM) o
. g E p-value = 0.67 t ]
significant excess (global p-value of 70%) Z Fit Range: 1.1 - 7.1 TeV j
No significant excess found 3 i ) 06 ‘ o T |3
| N T N | | e e e e e e b
= E L) T T 3 T T T T T T T 3 8 EI ' ' ' o I T ‘IIIII‘IIIH”IIII“””IIII"II l” ”“I‘“E
& " arias. -- GBH igl\Bﬂ ) -..Z(0.30) | §=2E =
> Fis=13Tev ™ = ] ] == =
‘?\ss.sm"e N @B RS E 282 —
fly*\<0.6 ‘.': ] \ E 1:% 7 ‘r'riH!‘p‘HHi{{{IHHHHiIH"HH'l'nH‘iHHiHim
WL J Q F 1 JES Uncertainty =
E . A :\‘ 7 ~ o N E g = 0 é ""m"'“‘l?*ﬂ¢+++ +H*+ | g
. 4 s | ST SRR SR APRTIT AT A W RN R RN EREETE STTTRTTIR FITTT:Toy TP Mo
§ T Dopectod 959 CL upper imit | = 10- e, 2 3 4 5 6 7
L e 68% and 95% bands a 15=13TeV, 3.6 b | m. [TeV]
: o Iy < 0.6 ] 1l
2 o el
< zj:§;3j07 - Model independent limits (based
© 1 T 0d/Ma = Res on Gaussian signal shape)
107 3
10 7 | Limits on QBH reaching 8 TeV ‘
L N o 33
Mass [TeV] Mass [TeV] mg [TeV]
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Search for new phenomena in Multi-Jet events /

A
: T
1512.02586 N L
= L B S B S L AL L B A
S - ATLAS = a0 5
Search for thermal black holes in multijet events - Sept S e eV, m <6 Tev
(in 3-8 jets signal regions), signal at high HT 2 10 + is-137eV, | Lat-65pb’
&)
=
w

* I Nt = 6

-
- Fit low HT and validate and choose in medium wE

HT (among 10 functions) 102 |
- Bootstrap: use incremental datasets to define Qo 2 T i
. 3 PRSI RS A B O
Control Regions (6.5pb-1, 74pb-1, 440pb-1 and 3.0 fb-1) T “’*ﬂﬁ 2 b
> M ERRERERARSE N IR T 045 2 25 3 35 5
- : ] Hr [TeV]
Sk, : | ATLAS N
% ; l... . I 4 ; ; 14 I T T T LA L B B L B I .| UL L L
2 1 C ", : | Ldt=3.0fb E 135 ATLAS CHARYBDIS2 Rotating black holes J
FE . : E 1S = 95% CL exclusi =6,n_>3) —
: w } 5=13TeV 7 3 1s=13Tev ~ 9%CL exclusion (n=6,n, >3)
Y " T R EL 2 [La-son’ oo -
; tp (1) m it | 4 I ; C +20 .
F— W= * . 11 o ATLAS s = 8 TeV —
S oA : - i Step 1 (6.5 pb™) 1s = 13 TeV -
E — fuenpadd™ N 3 10F — - Step2(74pb') \s =13 TeV ]
D — twospgien \ N ] Step 3 (.44 fb") \s = 13 TeV b
Sl T felm=pylta) e : \% _ E .
ot T e ; NN i 9\
E = fata=pox " I N Q\ 3 - .
C 1g (x) = p (1% : \\\ \} h C .
N 3_! 1 ! 1 1 1 1 ! IEI 1 1 ! III 1 | 1 I\I\IAI\\I = 81_ hhhhh —_ __
© L I E - T —— ]
£ of ] ] E T -
E E | — - J 1 | - l 1 1 1 I L II "J””I”"I ) - J | I ) - l_
jz : 3 2 2.5 3 3.5 4 4.5 5 5.5
2 3 Fa 5 6 7 : 3
H, [TeV] M, [Brev]
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Di-lepton Resonances (LFC and LFV) §

Events

Data / Bkg

Search for Z’ in dilepton (LFC) and (LFV) (in eu decays) ATLAS-CONF-2015-070
- Main background DY is taken from MC ATLAS-CONF-2015-072

- Top and diboson extrapolated at very high masses using a functional form

- Background from MC except for MJ in dielectron uses Matrix method (based on electron ID)

10 T T T T .
ATLAS Prelimina | ¢ Data % £ ATLAS Prelimina | + Data 10 ATLAS P'E"mmarf égslaﬂuarks
fe=13TeV,32 g' Czy g fs=13TeV, 3.2 fg‘ Czy 1w 1s=13Tev.3.21 % Eﬂﬁm&w jets
Dilepton Search Selection [l Top Quarks 10° Dilepton Search Selection [l Top Quarks 10¢ G Drel.yar 1z +]
[ Dibosen [ Dibosen 3 Z'2TeV
Multi-Jet & WtJets 10 10 ---- QBHRS2TeV
EI z, (ta Tet\f; t o — 7,3 TeV) 10* 7 Systematics
—— A =20 TeV —— Ay =20TeV 10 1 e N
10° 1 i S
. 107 Tt
k { 10°
10° , \ AR I
107 3
145 y - [ [ q o . : S 0 B —— 1.55 . PFrOEE T E
E L & E ..y 3 U RN S S
i T UROR—— T R ST N -
ost QAR | 2 3 U'SEE MBI IV B - I S & S S E
0.6 I]{IJO ....... 260 360 dbﬂ ] ..I..‘.incu.. ..... ‘ 0'0030-00 e 0.6 I]{IJO ........ 260 360 dbﬂ e 1“_0 20'0030'00--__ - 55 a— 1,0200 o |
Diglectron Invariant Mass [GeV] Dimuon Invariant Mass [GeV] My [GeV]
Highest di-electron Highest di-muon mass Highest en mass event
mass event at 1.8 TeV event at 1.4 TeV at 2.1 TeV
\ Y J
95% CL Limit on SSM
No Excess found ! % )
— ) LFV Z" at 3.0 TeV (2.5 Tev
95% CL Limit on SSM Z’ at 3.4 TeV (2.9 TeV from Run-1) from Run-1) 39
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Di-lepton Resonances (LFC and LFV)

Search for Z’ in dilepton (LFC) and (LFV) (in ex decays)
- Main background DY is taken from MC
- Top and diboson extrapolated at very high masses using a functional form

4
ne»r-=>»

- Background from MC except for MJ in dielectron uses Matrix method (based on electron ID)

107 T

E T T 1 I T T 17T | T T T 7T I T T T 7T | L L I L ] T T 1 r I T T 1 71 I L I: . . A"I'LAS Fl,re“n;lnalr T . Dal:a
2 ATLAS Preliminary g ocioq fimit NE le-isTovoow 0 ppou
m 1 p Imi . ] Multi-Jet & Wajets
(o) 1 Is=13TeV,3.2fb . Expected + 1o —§ :2: = grzll_-r\.;::lntr
Z = Expected+ 26 . 10 =3 Syetemates
. —gbserved limit _; ;‘fj ° _,—_'_L.‘,_L
— &s55M E 1070 i B -
_Z‘x ] 102
102 —% —; e l.‘;
- - 2 et ity T 3
10° = R ]
E E : 200 300 400 10‘00 2000 3000 -
B 1 M, [GeV]
'4 111 | 1111 I 11 1 1 1111 1111 1111 11 1 1 1 11
1005 1 15 2 25 3 35 4 45 5 .
M, [TeV] Highest e mass event
at 2.1 TeV
| Y J
. .
No Excess found ! 95% (’:L Limit on SSM
— } LFV Z’ at 3.0 TeV (2.5 Tev
95% CL Limit on SSM Z’ at 3.4 TeV (2.9 TeV from Run-1) from Run-1) 40
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Di-lepton Resonances (LFC and LFV) /

4
ne»r-=>»

Z' mass limits and the naturalness of supersymmetry

P. Athron,!:* D. Harries,2? and A. G. Williams?}

YARC Centre of Ercellence for Particle Physics at the Terascale,
School of Physics, Monash University, Melbourne VIC 3800, Australia
2ARC Centre of Excellence for Particle Physics at the Teruscale,
Department of Physics, The University of Adelatde,
Adelaide, South Australia 5005, Australia
(Dated: June 24, 2015)

WHERES MY COFFEE ?
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Di-Electron Event

High Mass Dielectron
ET, =370 GeV ET, = 246 GeV

ATLAS

EXPERIMENT




Search for Resonant Lepton+MET

ATLAS-CONF-2015-063

4
ne»r-=>»

- Search for W’ in lepton-MET final states
- Background from MC except for Multijet estimated with matrix method

- Top and diboson extrapolated at very high masses using a functional form

%] T T T T Lo | T T [%: T T T T T
;"g’ W ATLAS Preliminary — W (2TeV) Iilnm g 10f - ATLAS Preliminary — W (2TeV) énm
- 3! — W (3 TeV) w - 3fp! — W' (3TeV) w
Y Wl hsekion  —waten T Y eh Wovesecion  —weten @
EMUIII]EI 10 %z:y*
Ziy* E Diboson
[Jpibosen m 10° [JMuttijet
| 10°
E!
3 10°
E 10
E 1
= 107
2 2 14
@ 2 2
o o 1
8 o o8
| 0.6 .
200 300 1000 2000 200 300 1000 200
Transverse mass [GeV] Transverse mass [GeV]
Highest electron-MET Highest muon-MET mass
mass event at 1.95 TeV event at 2.2 TeV
\ Y J

No Excess found !

95%CL Limit on SSM W’ at 4.1 TeV (3.2 TeV at Run-1) 42
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“Things that go bump in the light” @A

> 104 =35 L L ) L L LB ) L L L ) NN R L ) BN B B |§ % _1 E_OI rrr T rrrrrTTTrTTT T UL L |_E
& ATLAS Preliminary 3 e =N P L 3
o ® Data i o i || SRRSO | POt ) A IO SRR SRRV | SR I I b
N Ik ] S 10" E
» = _ = o E B
= = Background-only fit 5 - co2of 7
i - . 107 =
10° ls=13TeV,32f0" 3 . :
= 3 ol T e ]
- . 107E ATLAS Preliminary -
10 = — - Vs=13TeV,3.210" -
= = 10°E E
— — E —— Observed 3
~ N L P PP 7
1 — — 1075_\ 1 I L1 | | L1 1 ‘ L1 I L1 1 I L1 1 11 L1 I 11 1 |
= = 200 400 600 800 1000 1200 1400 1600 1800
- . m, [GeV]
—q L
- 10 = ] | | | | = = 103§'|"'|"'|‘"|"'|"'\"'|"'|"'|§
S 15E ER- - ATLAS Preliminary ~ —2ened 7
o ¢ = - e ]
o 10& + E X (s=13TeV, 321" =i

o] E \ = E 3
3 O K H’ At IRt e 5 i

£ 55 |e¢ * = E
i 10E- = 3 10 E
s E ? - - -
8 _15;—| L L s 1 L s L 1 L L L 1 L L s 1 L L L 1 " L L 1 L L L 1 s |_E S: : :
200 400 600 800 1000 1200 1400 1600 - 1= =
O F 3
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71 11 I L1 1 I L1 1 | L1 1 I 111 I L1 1 11 11 I 11 1

10 200 400 600 800 1000 1200 1400 1600 1800

m, [GeV]

7| THE UNIVERSITY
of ADELAIDE




“Things that go bump in the light” /

Results: Events with mass in excess of 200 GeV are
included in unbinned fit

> Wg—T——T1T 7T T 77— 73
& ATLAS Preliminary E
Q R e Data ]
% 10°= =
= E —— Background-only fit 3
2 C 7
w
10° s=13TeV, 321" =
105— =
1= -
10‘15!' ———=
2 = 3
g 15:— 3
= E s =
2l Ul E
8 oF . llL il e b 3
® 3 [T 1 TeFm® ™7 E
E 55 | o9 + =
é _102_ 7 _;
g -5 =
200 400 600 800 1000 1200 1400 1600

m, [GeV]
- Inthe NWA search, an excess of 3.60 (local) is

observed at a mass hypothesis of minimal p, of
750 GeV

- Taking a LEE in a mass range (fixed before
unblinding) of 200 GeV to 2.0 TeV the global

significance of the excess is 2.00

THE UNIVERSITY
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% T | L
3 TEow E
? E -
E— 1o —
3 10z E
(@] = =
— - 20 7
102 -
: 30- E I EmImIEImEE IR ImIE ImEE IR I EI R e :
1073 .. =
= ATLAS Preliminary 3
3 - {s=13Tev,32f0" ]
107° =
; 40- —— Observed ;
10—5_..I\..I..\I...I.\.I...I...I...\..._
200 400 600 800 1000 1200 1400 1600 1800

my [GeV]
In the NWA fit the resolution uncertainty is
profiled in the NWA fit and is pulled by 1.50

The data was then fit under a LW hypothesis

yielding a width of approximately 45 GeV
(Approx. 6% of the best fit mass of approximately 750 GeV)

- As expected the local significance increases to
3.90

- Taking into account a LEE in mass and width of
up to 10% of the mass hypothesis of 2.30 (Note:
upper range in resolution fixed after unblinding)

N
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“Things that go bump in the light”
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> : T T T T I T T T T I T T T I | T T T T I T T T T I T T T T :
8 800 Inclusive diphoton sample _:
: L Data 2011 ]
n 700 Background model ]
‘qrEJ L N SM Higgs boson m_ =120 GeV (MC)
S 600 =
Ll — _
500 Vs=7TeV. f Ldt=4.9f" —
400 W = .
= 3 A little history lesson:
300~ — This is what the H->yy “signal”
200 4 looked like back in 2011.
100 ATLAS Preliminary = It looks eerily similar to this
= | 4 | ! . 3 bump at 750GeV today
2 E
2 2 The beauty of a resonance
g’ 5 signal is that simply by
' A S S B B T 1
& 100G T T 10 a0 e ieo ntegrating more data we can
I answer the question
m,, [GeV]
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Other “Higgs” results.... 3

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

ne»r-=>»

Consider several channels

EN <

o

Submitted to: Eur. Phys. J. C. CERN-PH-EP-2015-187
18th September 2015 g

http://arxiv.org/abs/1509.05051

Search for new phenomena in events with at least three photons
collected in pp collisions at s = 8 TeV with the ATLAS detector

% T L T N T g LI L L L
G120 ATLAS — T; - Observed local p-value ATLAS
2 0 g * Is=8TeV, 20.3fb" 1 a 157 Z'—avy—3y E
0 1007 - = 3
§ ;%% Expected . § |_'—|
w 80 —— Data . 107
ol ﬂ ------ m,. = 400 GeV
C % + + Z'sa+y—3y § _2
401 , oxBR(Z'—a+7)xBR(a—2y) | 10 E
o - 0.002 pb : .~ If you do enough searches you
- bt - 8 TeV, 20.3 fy 1
++,, ] N ,,,,\s .
R i YN BT wnomme 2% should see 30 excesses....
e . m, resonance search with ]
E, g: . m,. dependent wudth ]
w = [ e 1 qpelaa lev e b b by Lo by
100 200 300 400 500 _ 600 10706150 200" 250 300 350 400 450 500
m;, [GeV] m,, [GeV]
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http://arxiv.org/abs/1509.05051

Searches in Di-Boson Final States Using Jet Substructure /

4
ne»r-=>»

Searches for VV or VH resonances in several topologies involving boson (W, Z and H) tagging

Nominal boson tagging algorithm Boson tagging at work

- Anti-kT R=1.0 W and Z peak in the data from dijet
- Trimming: fcut = 5% and Rsub = 0.2 events applying the nominal boson
- pT dependent (energy correlation ratio) D2 tagging algorithm

selections for W and Z separately (Multijet
reduction by 40 — 70)

—
Data

0.22F

> .
AR RSN RS AL AL R RS ) = N
£ - ATLASSimulation Preliminary - G 1000 -+ ATLAS  Preliminary ® D% —
5 0.2 antik R=1.0jets = o — MultkietMC ]
2 gk Trimmed(f  =5% R =02) = P N Vs=13TeV, 2.6 fb” E‘:I'n"i:'fm 7
® E o In™hi<20 200 <p/™" <350 GeV 5 800~y 10=N. <19 === Fitted bkd. .
2 0.16; s=13TeV - Wejets 3 i - 7]
£ 0.14f & ke Zjets E 600 —
5 0.12F L " - - Multijets = ]
< Eol 1500 < p[™" < 2000 GeV ]
01:_:' 'I : - W-jets i 400 —
0.08 o & heZiets = .
- ‘ i -2 Multijets 3 |
0.06 _ ¥ = 200 =
0.04p =
0.0254 = _ 0 —— | .
_.5,3‘55_ : ’ T }E ggg o —+- Signal=574:72 B
J o - -
o 100 —
Jet mass [GeV] e +++ -
60 80 100 120 140 160 180 200 220 _ 240

m,; [GeV] 45
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Evenls /5 Gel/
L

Searches for Resonance in Di-Boson VV Final States

ZV (with Z to dilepton)

Backgrounds
Z-jets is the main
background, estimated

using MC and normalised

to mJ sidebands

Diboson and top from
MC

ZV (with Z to w)

Jooe
h s

Backgrounds

Z-jets, W-jets and top

are main backgrounds,

these are estimated
using CRs with 1 or 2

muons and one b-tag for
the Top CR.

WV (with W to Iv)

Backgrounds

Z, W and top shapes
from MC

Modest excess Run-1

observed at Run 1 to be
checked

Diboson fully from MC

Multijet shape from
loose lepton ID

T T T T
ATLAS Preliminary + Dalm
- _ i
SRR {Ldr.,a.zna —r
e and s combined 1 SM Diboson
r . [ Top Quarks 3
q ##% Stat.Syst. Uncert.

10-2 L "
20 ] i
=k A R
Sos[ e R TITII
00; %0 100 50 200 el
my [Ge

~ Pl THE UNTVERSITY
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z 107 T T — —
e ATLAS Preliminary —e— Dala 2015
g Vs=13TeV [Let=3215" 3 aiets
E Z + jets Control Region I:ID K
[ single top
[ diboson

=4~ o (stal. + syst.)
----- Pre-fit background

. i

g 15[ A -
= 1. p P

- I R S WY O, /

g ;_ :*_ T 4/////////////////////////// 7
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T
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ATLAS  Preliminary -
. Wjets
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Hadronic W/Z sideband [l Dibosons
ZHjets

-=-= HVTm = 1.6 TeV

g Fittot. unc.

Events / GeV

500 1000 1500 2

DataMGC

0 3000
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Background
Estimated using a
functional form
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-
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o
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Searches for Resonance in Di-Boson VV Final States

A
T
. 2
ZV (W|th Z to dllepton) ZV (with Z to w) WV (w|th W to Iv) A
2100l aTLAS Preli "+ Dam 2 o T T 3 T paa =
reliminar
:>j i 13ToV [Litm 3! o £7771 HVT model A 1.5 TeV % .- ATLAS Preliminary —e— Data 2015 e ATLAS p'e"m'”‘a“" . Wejets
_ _ £ Z+jets 210 \s=13TeV [Ldt=3.21b" ] WHjets g 10E \s=13Tev, 3210 Top quark
102 ZW signal region [ SM Diboson ] o X WZ—s vv J [ Z+jets @ WW Signal Region I Dibosons
[ Top Quarks w40 /It w10 Z+jets
N ## Stat.()Syst. Uncert. @ single top ---- HVT m=1.6 TeV
10t # i - -~ Predit background | 1 ] diboson 1 772z Fit tot. unc.

2s4¢4 o (stat. + syst.)
------ HVT— WZ (m = 2TeV)

107" Pre-fi
------ re-fit background
102 102
10°
107 ‘ ?
107 -
107 ; ;
Bisk. o o S / /
= 1 1.5 =
G 10 s ossiigiiiisa o WY / s W’W//ﬁ% /
§ O5ELLal L § 0 ; [ ‘ j’7/ i’// ////// /// 8 a5k
00 I i 1 L L - /;
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mi{£¢d) [GeV] m; [GeV] m,, [GeV]
L L A L
Resu Its ATLAS Pl’e||m|r|ary = === Expected 95% C.L. upper limit

10

—®— Observed 95% C.L. upper limit

- Expected limit + 1o
[ ] Expected limit + 20

*= o(pp — HVT — WZ) Model A, g =1

\s=13TeV, 3.2 b

All analyses have similar sensitivities ranging between
1.4 TeV and 1.6 TeV for HVT additional vector bosons

LI

10"

o(pp — HVT — WZ) [pb]

- No significant excess observed, limits are set in these
scenarios

T T HHI]I

1072

FT IHI]H]
1 IIIIHI|

- Interpretations also in Higgs and Graviton hypotheses

107°

1000 1500 2000 2500 3000
m, [GeV]
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Searches in Di-Boson Fully hadronic final state /

ATLAS-CONF-2015-073 b

_Run-1

ne»r-=>»

A lot of excitement about this during 2015

104"'I""\""I"
ATLAS —e— Data

_ 1 == Background model
\s=8TeV,20.3f0  15TeVEGM W, =1

2.0TeVEGM W', c=1

—— 25TeVEGM W', c=1
—— Significance (stat)
I Significance (stat + syst)

L i

Events / 100 GeV

- Modest excess at Run-1: 3.40 local / 2.50 global

WZ Selection

- Analysis very similar to Run 1, with functional fit
of the background

IIIHI.I.I.| IIIIIL|.|.| IIIHHIl \IIHHIl

10 ] || e
No significant excess is observed .
Q
g s = - - c
however sensitivity not high enough for conclusive B
=
probe of the Run 1 excess = e
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Searches in Di-Boson in VH final states

Analysis Strategy:

harder to distinguish at high pT)

Analysis Strategy:

ZH (with Z to dilepton)

THE UNIVERSITY
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ATLAS-CONF-2015-074

6 regions OL, 1L-MET and 2L-MET with at least two jets and 1 or 2 b-tags (2 b-tags

Global fit of 6 regions simultaneously (similar to SM VH analysis at Run-1)

o
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ATLAS Preliminary
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SEARCHES: Part V |

WHAT DOES IT ALL MEAN?
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Anomalies/Hints/Excesses — We do have a few © @

« X(750)->yy (Run2....not seen in Runt) i i i

— not seen in Run1? Why?
— why no di-jet bump at 750GeV? -
. X(2000) -> WW/WZ/ZZ (Runf...not yet in Run2) f f
— don’t see this in other diboson channels....yet? That’s weird!

* Z(ll)+jets+MET: Run1 and Run2 excess i T T T 1

— hints from ATLAS and CMS

— Not as trivial as a resonance to pin down

— Z+jets background? Jet flavour composition?
— Why no excess in jets+MET analyses?

— Excess on Z peak or in ‘edge’ analysis

* |n all of these channels CMS sees some hints of excess too!
(although not entirely clear at the moment)
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+There ARE anomalies in the LHC data (and beyond) that cannot
be reconciled with the Standard Model alone — but no clear
discovery yet.

+Some of these are well motivated (additional heavy resonances)
but one would expect them to decay in multiple channels, as the
Higgs does.

+Remember that the LHC design energy was/is 14TeV!

+So we are just getting started!! We’ll be taking data for the next
10-20 years (depending on other machines)

+The beauty of a search is that there can be discovery at any time.
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Thanks! Some backup slides may follow

p.jackson@adelaide.edu.au




Searches in Di-Boson Fully hadronic final state ,

A
A T
L
A
%;103='l"l’"l"1"!"'l"'|"'l""l’ E 2 103="|"|"r”l"1"!"'|"'|"'|"= S
@ E ATLAS Simulation Preliminary Mg 3 1] E ATLAS Simulation Preliminary Move
5] - 5=13TeV, 3.2 1200 GeV 2 L (=13 Tev,3.2 " 1200 GeV |
= E — 1700 GeV € E — 1700 GeV 3
:3’ [ 2000 GeV % C 2000 GeV ]
10 o 2400 GeV 10 e 2400 GV
1E E 1 E
107 - 107 i
i i ke - B HHEE
2000 2200 2400 2600 2800 3000 1000 1200
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(a) (b)
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Figure 4: Distribution of the reconstructed dijet invariant-mass for benchmark signals. The signals yields are nor-
malized to an integrated luminosity of 3.2 fb~!. Five signal distributions are shown in each figure, with resonance
masses between 1.2 TeV and 2.4 TeV. The models shown are the HVT in (a) the WW and (b) the W Z channels, and
the RS graviton through (c) the WW and (d) the ZZ analyses.
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SEARCHES i

A
T
g L
Objects Multiplicity Resonance Analysis A
Techniques S
jets 0-10 Yes and no o, Hry My, Essentially you can search for any number
Ms,,Razor,RJR and combination of any of these objects
b-jets 0-4 There are always multiple variables and
clections 0-4 ways to do the same analysis
Some of these aren’t really a search though
muons 0-4 ,
but as we’ll see one persons measurement
taus 0-3 can be another persons search
photons 0-3 Not even mentioned displaced vertices,
long-lived, multi-charged, monopoles etc
Z 0-3
MET Yes/no
Boosted Jets Yes/no
Boosted Yes/no
Bosons
Higgs Yes/no
(maybe?)
charm-tagged 0-2
jets
Top-tagged 0-2
jets
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HOWTO search for SUSY |

SUSY searches rely primarily on the
understanding of the SM backgrounds

Standard Model

Top, multijets
V, VV, ¥VV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds

Egczgrgl:sdin:nd Determined from data Dominant sources: normalise

incl. systematic Backgrounds and methods MC in data control regions

exp. and theor. depend on analyses Subdominant sources: MC

uncertainties as

Darameters Validation blinded

Validation regions used to
cross check SM predictions
with data

. _ blinded
Signal regions
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ATLAS Run-2 i

Main Improvements for the Run-2 k

Important changes in all areas of the experiment

ne»r-=>»

IlD
773 ( [“iBL ourer

ENVELOPE

Detector
- 4™ innermost layer of pixels (3.3 cm, 2" layer at 5.05 cm)

- Consolidation: Complete muon coverage, Luminosity detectors,
Repairs (LAr and Tile), Beam Condition. Monitors

Infrastructure 2
New Beam Pipe, Magnets and Cryogenic system, Muon Chamber R
shielding, New pixel services /
ENVELOPE ijj s /..‘/'f/l’\\

Trigger/DAQ s=gie SRS
- Increase max L1 rate from 75kHz to 100kHz
- New Central Trigger Processor IBL TDR: http://cds.cern.ch/record/1291633
- Merge L2 and. H!_T farms, Additional S.FOs allowing for higher .. N i\\\\ A\ ' /

output rate (limited by storage capacity to 1.1-1.5 kHz) k / ﬁ

Software and Computing
Improved reconstruction software, New analysis framework with

new data format

For a complete ATLAS Status: see A. Polini
talk at LHCC Open Session (Dec 2, 2015)
http://indico.cern.ch/event/460278
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ATLAS Run-2 i

A
T
- L] L] L
2015 Brief Year in Review 5 r————— A
§ 700~ ATLAS Online Luminosity 2015, {s=13 TeV ]
= 60; | 25nsi<u>=13 é
13 TeV pp 2015 Dataset z i3 = sone 20 ]
- 50 ns data: 100 pb-1 good for physics (mu ~ 20) E E
o C 7
- 25 ns data: 4 fb-1 recorded (mu ~ 13) g 30 E
. . S 8 20 E
- Highest instantaneous Luminosity 100 E
reached 5.1 1033 cm?2s? (Run 1: 7-8 1033 cm?s’!) 00 5 10 15 20 25 30 35 40 45 5_0
Mean Number of Interactions per Crossing
- Special runs: Run 1: 8 TeV (mu~21) and 7 TeV (mu~9)
- 90m elastic run with 10 ub-1 collected ATLAS: Pileup at Run-2 less

- 170 ub-1 of “low mu” data (special runs with LHCf) difficult than at Run-1

- Heavy lon running with 680 ub collected and

— T
ATLAS Online Luminosity Vs=13
[ LHC Delivered

—
TeV

corresponding pp reference at 5 TeV with 27 pb? (mu~1.5)

P
= o
& -
I _ 2 L[] ATLAS Recorded
@ e 5N S % 4T Total Delivered: 421 1" 5
§ AT LAS e = r  Total Recorded: 3.87 b7 a
PbPb EX PEREMENT £ 3 -
- W =2 - ]
Collision E af =
I - 1
at 1.1 PeV S B ]
= 1= i
Events with | P M= — = ol I RIS
charged track 24/05 21/06 19/07 16/08 13/09 11/10 08/11
multiplicities of Day in 2015

up to 10k tracks
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Search for new phenomena in Photon-Jet events O\
, T
g L
Search for g* or QBH decaying to a photon =
d & ,E ATLAS Preliminary e data
and a parton = :24 (s=13TeV,3.2 " — bkg fit
2 10°8 :q’ m_=38TeV
- Background estimated using a simple fit 5 ‘:’0 RS1M,,=4.0Tev
function similar to dijet search and 1
extrapolate in the high mass domain g
107 i
— _ _ 1\P1 —P2-p3logx T = D I TN, Vo =
Fgx=my 1\s) = py(1-x)" x .
k3] 1 -3
= 0 E
. . . k=l - =
- Background modeling systematics estimated & E
using the spurious signal method similarly to o E e
the diphoton Higgs channel !
ST LI L N I I L B B B 5‘ 105EI LI | T 17T | T 17T | 1T T T | T T T | T T T | LI I%
E 10° - e data ;—;' = ATLAS Preliminary ——— 95% CL observed limit :
& e @ q0*L \s=13TeV,82f" 95% CL expeoted imit
gm“ e -SHEHPA ; ?_ [ 95% CL expected limitx1c _§I
S - B s e (=4 imit+2g ]
10° T, 10°s Fl :?T;; :?_:MI e
L [y redicton 3
= F ]
10° _!'!i 10° '§ =
10— ATLAS Preliminary ?____ i 2 3
= (s=13TeV,3.2fb" — 10 ] 3
= v TS E ]
A A S e | <3
é 1%@;&3@#@;% | S lf observ?d (expectled) Iimit:|4_4 (4_4}|TeV | | El
a 0-5: ) ) ] - ﬁhl _V JETPHOX 3 10—11 5| (I > L1 |2 5| (I 3 L1 |3 5| L1 4 L1 |4 5| L 5
05 1 15 2 25 3 3.5 4 . . : .
m, [TeV] Mg [TeV] 36
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ATLAS Run-2

A
T
L] - - - L] - L] L
Data Quality Efficiencies, Luminosity and Trigger A
Data Quality efficiency Luminosity Measurement
- Average 93% (Run 1 Average 94%) - Preliminary uncertainty from complete scan
- Requiring IBL as well 87% (Valid for entire 2015 dataset) 5%
5 Masreni U w1 “All Good”
S T e :
Trigger EP i ] dataset :
- Run-2 Menu: Approximately 1500 HLT selections 1otk ;'“' '"*g._a 1 32+02 b}
seeded by about 400 L1 items 10 sasﬁ TSUUNVTTUTITIS T
- Primary triggers, typically unprescaled; 10t :] . 3 With IBL Off runs
- Numerous other triggers for Support, Background, 107 i uiL | Li | [{!]l],lﬁ;é ', 0,4 ,0;6% 3502 fp!
Alternative algorithms, Backup and Calibration o AX [
- Continued excellent performance and stability of
trigger throughout the run Improvements at Run-2
L1 Calo Per bunch baseline subtraction large
- Rates for typical lowest unprescaled single object reduction in MET trigger rates
triggers: L1 Muon triggering Use of Fl coincidences 50%
Rate reduction (in 1.0<n <19 at pT 20 GeV)
;1207""|"'|""|"'| T ]
_ p; Threshold (GeV) Rate (Hz) * ioof- ATLAS Preiminary s=13Tev =
Trigger Run 1 Run 2 Run 1 RuUn 2 g 50:_ ‘:I L1_MU15 wio Fl colncidence, JLdt=11.1 pb’ E
% = L1_MU15 w/ Fl coincidence, | L dt=20.6 pb” A
Inclusive e 24 24 70 97 5°F L] / ]
z O -
Inclusive u 24 20 45 130 " E
ETmiS 80 70 18 55 0_: :J6
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Search for Resonant DiPhotons

4
ne»r-=>»

Inclusive search for two photon resonance Background from a functional
(optimized for a scalar resonance) Similar to the dijet search but chosen using the
Fisher F-test and the spurious signal method

- Selection of two photons with pT/m measured in events from Sherpa, Diphox and
thresholds of 0.3 and 0.4 and pT dependent

Jetphox:
calorimeter and track isolation criteria .
a; log(x)j
- Typical prompt photon purity 90% fbkg(x;b,{ak}) =(1- 3 )b px:
m )
x=—2L Here a simple form
\/E with k=0 is used
Signal Model Soop N amas
. E‘ = Jaussian Distribution X 5

- NWA: Use Double Sided Crystal Ball g !
< 102 E Sea-Pyign E
function i ;
- LW: Use DSCB fitted from simulated T — e
samples with different widths with up to - e
m,, [GeV]

43
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SUSY %

SUSY ~duplicates spectrum of particle states wrt. Standard Model

10

Sparticle decays produce SM objects:
(b/c-)jets, leptons, T, Y, invisible

(MET), ... :
Cancellation of the top loop

correction to the Higgs mass -1
requires (relatively) light

susy...perhaps particularly third
generation squarks 07

G, [pbl: pp — SUSY

\S =8 TeV

But, direct production cross

section is relatively small compared 10 b leon Lo BN
200 400 600 800 1000 1200 1400 1600

to light squark and gluino m___ [GeV]

average

Dedicated searches required

Early focus of Run2 is on strong production with squarks/ gluinos
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2lepton (+jets) +E;Ms* analyses @

= For pair-produced particles with identical
decay chains the variable

mho(pf, P PR = | min max (ME(pF, 0" ma, mo), M (RS, a1 ms, my) )|
q]j )+q7_(2}=pr7rjiss

is bounded from above by the parent mass.

m., (1,1, EX"™) bounded by W mass for WW, Wt, tt

m,, (b, b1, +1,+E;") bounded by top mass for tt

ne»r-=>»

~ ~ ~

-4y ————=Y4y -7 7
b
~+
— —— — __xl b

t¥)(> bev)
W(— ¢ ~*
(= 2v) ——¥—-%
Miss W *(_> fV)
= Asks for large mp, (4,4, Er™) v 0 W 4 ~0
= Foursignal regions, one  — —(a)—“% _ _(b)___XI — _(c)___x1
without jets: sensifive = Asks for 2 b-jetsand
also to small m(t)-m(x;) large my, (by,b,, 1 +1,+E;™)
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of ADELAIDE




2lepton + (b) jets + E;™Sanalyses !

g-l
ne»r-=>»

2 leptons (+jets) + MET

Analysis mainly targets t; — by™ 77N
Complements bb + E;™ss analysis for large Am(x*, ¥°) ~ ol 0
= 'J‘L'd't;z'ofa',b',,' T e bammnesten p W

54554 Standard Model o . ~
) z+jets [ Single top tt, production, BR(t, - ¥ b) = 1

Events / bin

10° same flavour = 0 Reducibie L0 L B I B
2jets p, > 100,50 GeV = ww . Hiogs % C ATLAS m(t)-m(E) = 10 GeV n b
! oz vz 0] - 4 ! .
— mﬁ,iii“)-{ﬁﬂ,ﬁﬂﬂ)GeV — = Ldt=20.3fb,1s=8TeV —
10 0 T L. m(il‘i‘;’[‘)qmo,zsn,naev C{’;v—zso L =
1 . P SUSY,
leptonic m__ analysis (b + %) = r " Observed limit (210y.) . ]
T2 1 = L c "
ATLAS 200 = T Expected limit (11(7@) ................ i
10 I Alllimits at 95% CL H B
------- : 150 |— i -]
1 ' r H ]
: - ] .
L eemeonaars peeeees 100 - i =
7 50 - —
120 140 160 180 =200 C i i N
C P ]
My, [GeV] P S I I I B I v/ N
c T ———
5 L i = 208 " ®  Oatm201z ({5 =8TeV) 3 150 200 250 300 350 400 450 500 550
@ ! = 44454 Standard Model - m(tﬂ) [GeV]
§ 10° different flavour % ;ﬂe‘s = 3':3&21,".2 = 200 T, production, BR(, - W 7b) = 1 500 T, production, BR(E, - F.b) = 1
‘ e E =200 ———— : R T - = 500 e e e e
- 2Jets p, > 100,50 GeV = ZWZWWZ = :\‘fgs 3 E 180 - ATLAS mit) << m(,) 7 % o ATLIAS I m(:%:) =1Gev TR, =
" = e — (O] o 1 -
X m(i|>%j.in}:(15u-120.11 GeV — a:; E Ldt=20.3fb , 1s=8TeV E H: 450 - det =203f , 1s=8TeV E
we i 7, 7)=(400250,1) GV " 160 £ i et 116227 = od O F S otsarved imi 413 3
leptonic m_, analysis (b + f) 3 E 140 [ «--: Expected limit (+14,,) — E Fooeee Expected limit (£15,,,) 3
o ATLAS - 120 f— Alllimits at 95% CL __f 350 = Alllimits at 95% CL =
100 [ = 300 [~ -
80 = = 250 - =
TS . R e . = = E =
PR : S0 E 200 =
Fooeeees we o A E = E
1 L c = 150 # —
20 — - - B
&) E ] E .. oyt ]
= % [ / | ! m 100 B wo b bR b b b ey T
‘% 100 150 200 B0 300 150 200 250 300 350 400 450 500 m(?)sU[Ge Gilo
a 7 m(E) [GeV] :

120 140 160 180 =200
my, [GeV]
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2lepton + (b) jets + E;™Sanalyses !

A

T

L

A

Selections: b S
« 2leptons and 2 b-jets p _ W
t ~0
* Leading lepton p; < 60 GeV B X1
*  mpy(ll, ;™) < 90 GeV SO X7 ;"
. ; X
e my,(bb,l+,+E,Ms5 ) > 160 GeV ) ! Wl

b

* Main backgrounds (single top and top pairs)
normalized in dedicated 1b control region

- —.—

© ® Data2012 (1s=8TeV) - .

0] 10" E-ATLAS 4554 Standard Mod! 250 i, productlon BRE, — #,b) =1

O _ -1 : Z+ieTS | gyl LI T T T T I T T T } T T T I T T T ‘ LI T | T T T | | T T } T T T I T

Ldt=20.3fb - -

= 10° I . Biw > C ATLAS m(t) = 300 GeV ]

3 100 hadronic mr, a"ab'?"fis b+i) o e 2 - | Ldt=203" 1s=8TeV =

= [H160, priorto m_. cut] 77wz S [ o ]

u'i e . ww 1< 200 e Observed limit (+1 cﬁ“sv) « |_7 i
10 N Higgs £ L - Expected limit (+10,,,,) :

..... mL T X ’) = (300,150,100) GeV

[CJATLAS, OL

All limits at 95% CL

—_— i, x’ 7,) = (300,100,50) GeV
m(i,z ') = (300.100,1) Gev

150

e

100 Leptonic my,

analysis best here

analysis best here

IIIIIlIIIJJ]IIl

, 50
o [
= 72N i
% / { 0 i 1 L 1 I 1 1 1 I 1 L 1 ‘ 1 L 1 I 1 1 1 ‘ 1 L 1 I 1 L 1 I 1 Il L ‘ 1 1 L I 1
a 100 120 140 160 180 200 220 240 260, 280
350 400 0,
m2l* [GeV] m(x,) [GeV]
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Higgs Searches /

A
T
% 10_‘ L L L L L R R R L L L L L B L L rroTT ] b k
O ~ ATLAS Signal Region 7] S
lr:‘ B ] -
Q8 flgt=201" s=8Tev ! pm,, [GeV] - HH -> yybb
n L Fitted Signal + Bkds -
s [ e Single Higgs Boson + Bkd 7]
YT Continuum Background ...excess on the order
U . of 2.4¢ at a my = 300GeV
2t -
= - e N T T ] . .
ol LD e Others channels investigated as well
% :' 1 T T 1 L — 7
S qof ATHAS Signal Region . One thing is clear - with many hundreds
s F JLdl:=20 fo’, (s=8Tev —+— Data E i
c | Control Region Fit - of searches we should be seeing
> 1 *+®*+ . . = . . .
“E AN Single Higg Boaon - anomalies purely from a statistical
- — my,=300 GeV, o,xBR,,=1 pb . .
107k - viewpoint.
E T E
‘“’2E_ / ]I E If anything there should be more 2-3c
e —— S— . — deviations but we tend to be overly
© 1ol ‘ifi*“’fﬁf’i““":e"“‘" ] conservative and inflate systematic
Y] E andau Fit 3 . . .
% - T uncertainties on 0Ccasions...personal view ©
200 300 400 500 600 _ 700 800 _ 900 More later....
Constrained M, [GeV]
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Higgs Searches

Beyond SM
Higgs?
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Higgs Searches — Hint from Runl |

2,

CMS

19.7 fo (8 TeV)

B
- .Emat:insd-_'-i:r
DEmEt:Inﬂ-:Eﬂ

ut, 0 Jets

1.32% (exp.)
2.04% (ohs.)

» (Observed

«#  Expected

Illlllx

HT, 1 Jet
1.66% (exp.)
2.38% (obs.)

ut , 2 Jets
A.77% [exp.)
3.84% (obs.)

utT, 0 Jets
2.34% (exp.)
2 §1% (obs.)

utT, 1 Jet
2.07% (exp.)
2.22% (obs.)

uT, 2 Jets

2.31% (exp.)
3.68% (ohs.)

Events / 10 GeV

H—ut
0.75% (exp.)
1.51% (obs.)

Data - Bkg.

—#— [Data 2012, 20 16" .
w4 125] — tu (BR = L77%H
Bl 7 - 1+ jeis (05-55)
[0 W e |ota (05-55)

I same Sign

B Z - g+ VV(DS-55)
7 ayst. une.

ATLAS
ut,_ events
V5=8TeV _IL::II =204 "

4 6 8 10
95% CL limit on B(H—u1), %

B(H — ut) = (0.847557)%

—0.37
Sl THE UNIVERSITY
/ADELAIDE
s

[==T]]

150
myMC [GeV,

Br(H — ut)=(0.77 + 0.62)%




