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outline

some perspective on Run | results

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 JLdt=(47-203) o V5=7,8TeV
Model ty Jets ET [rdim] Limit
T T — T T — T T —
ADD Gkk +8/q - >1]  Yes 203 |[Mp 5.25 TeV n=2 R | m m t
ADD non-resonant ££ 2e,u - - 20.3 Ms 4.7 TeV n=3HLZ 4 u n e a S u e e n
ADD QBH — ¢q Teu 1j - 20.3 Men 5.2TeV n=6
2 ADDQBH - 2j - 203 |Ma 5.82 TeV n=6 : | d h ©
.S ADD BH high Ny 24 (SS) - - 203 |Ma 4.7 TeV n=6, Mp = 3TeV, non-rot BH t t
2 ADDBH high 3 pr >leyu >2j - 203 |Ma 5.8 TeV n=6, Mp = 3TeV, non-rot BH ) OO S an eC nlques
g ADD BH high multijet - >2j - 20.3 Men 5.8TeV n=6, Mp = 3 TeV, non-rot BH
3 RS1 Gkk — €€ 2eu - - 20.3 Gk mass 2.68 TeV k/Mp; = 0.1 1405.4123
© RS1 Gkk — vy 2y - - 20.3 Gy mass 2.66 TeV k/Mp =0.1 1504.05511
’3 Bulk RS Gkx — ZZ — qqtt 2eu 2j/14 - 20.3 Gki mass 740 GeV k/Mp =1.0 1409.6190
Bulk RS Gxx — WW — qqiv 1epu 2j/1d Yes 20.3 W’ mass 760 GeV k/Mp = 1.0
Bulk RS Gkx — HH — bbbb - 4b - 195 | Gkk mass 500-720/GeV/ k/Mp =1.0
Bulk RS gkk — tt leu 21b>1J/2) Yes 203 |BkKIMasS 22TevV BR=0.925 .
g AN TSR —— _— recent results:
SSM Z' — ¢t 2epu - - 20.3 Z’ mass 29TeV
2 SSMZ' - 1 2T - - 19.5  |Z'mass 2.02TeV 1502.07177
S SSMW ¢ty leu - Yes 203 |W'mass 3.24 TeV 1407.7494
.8 EGM W’ - WZ - tv €'t 3eu - Yes 203 | W' mass 1.52 TeV 1406.4456
© EGM W’ - WZ — qqtt 2epu 2j/14J - 20.3 W’ mass 1.59 TeV 1409.6190
S EGM W’ - WZ - qqqq - 2J - 20.3 | W’ mass 1.3-1.5 TeV. 1506.00962
) HVT W’ —» WH — ¢tvbb ten 2b Yes 20.3 W’ mass 1.47 TeV. gv=1 1503.08089
O LRsM W, tb Teu 2b01] Yes 203 |Wemass 1.92TeV. 1410.4103
LRSM W — tb Oeu 21b,1J - 20.3 W’ mass 1.76 TeV 1408.0886 neW resonances
. Clgqqq - 2j - 173 |A 120meV] 7. =-1 1504.00357
S  Clgqgtt 2eyu - - 203 |A 216TeV 7 =-1 1407.2410
Cl uutt 2e,u(SS) 21b,21j Yes 203 | 4.3TeV ICul=1 1504.04605 |
S EFT D5 operator (Dirac) Oeu >1j Yes 20.3 M. 974 GeV at 90% CL for m(x) < 100 GeV 1502.01518
Q  EFT D9 operator (Dirac) Oer 14<1j Yes 203 |Ma 24TeV at 80% CL for m(y) < 100 GeV EXX LAY 4
Scalar LQ 1%t gen 2e 22j - 20.3 LQ mass 1.05 TeV B=1 Preliminary . M
S scalariq2vgen 24 >2] - 203 |EQmass 1.0 TeV p=1 Preliminary h | g g S COU p | N g S
Scalar LQ 3¢ gen leu 21b23] Yes 203 |LQmass 640 GeV B=0 Preliminary
VLQ TT = He+ X Teu 22b23] Yes 203 |imass 855 GeV. Tin (T;8) doublet 150504308
2L VoYY wh+X lepu 21b>3] Yes 203 |[¥mass 770 GeV. Y in (B.Y) doublet 1505.04306 | |
g g VLQ BB - Hb+ X 1eu 22b,23j) Yes 20.3 B mass 735 GeV isospin singlet 1505.04306
T & vaBB-2b+X 2/23e,u  >2/>1b - 20.3 B mass 755 GeV Bin (B.Y) doublet 1409.5500
Tsj3 — Wt lepu 21b25] Yes 203 |Wsamass 840 GeV 1508.05425 b
« Excited quark g* — qy 1y 1j - 20.3 q" mass 3.5TeV only u* and d*, A = m(q") 1309.3230 t' pa rtn e rs
8 S Excited quark g - gg - 2j - 203 |atmass 4.09 TeV only u* and d", A = m(q") 1407.1376
) ‘E  Excited quark b* —» Wt lor2eu1b,2jor1j Yes 47 |b*mass 870 GeV left-handed coupling 1301.1583
W @ Excitedlepton ¢* — &y 2eu 1y - - 130 [#mass 2.2TeV A=22TeV 1308.1364
Excited lepton v* — ¢W,vZ 3eu,t - - 20.3 ¥* mass 1.6 Tev A=16TeV 1411.2821
LSTC ar — Wy teputly - Yes 203 [apmass 960 GeV 1407.8150
LRSM Majorana v 2epu 2j - 20.3 N° mass 2.0 TeV m(Wg) = 2.4 TeV, no mixing 1506.06020
. Higgstriplet H** — ¢¢ 2e,u(SS) - - 20.3 | H=mass 551 GeV DY production, BR(H* — £6)=1 1412.0237
D Higgs triplet H** — ¢r Beut - - 20.3 H*t mass 400 GeV DY production, BR(H;* — ¢r)=1 1411.2921
g Monotop (non-res prod) 1eu 1b Yes  20.3 | spin-iinvisible particle mass 657 GeV Bnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 multi-charged particle mass 785 GeV DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 monopole mass 1.34 TeV DY production, |g| = 1gp, spin 1/2 Preliminary
PR | L L PR | n L MR | n " PR
Vs=7TeV Vs=8TeV 101 1 10
Mass scale [TeV]

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

Outlook on Run Il and beyond
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how to explore the attoscale

u-1D efficiency > 99% within Inner tracker: to Inl~ 2.5
tracker acceptance - ]10-20 pm in R-@:

~ (-~30x cT(B)) _

~ ATLAS measures:
charged particles
photons/electrons
jets
muons

Central calorlmeters (to Inl~2 5)

granularity ~ 0.025 (EM, LAr) to 0.1 (HAD, Tile): Key Run | PrObeS
* photon z; resolution ~15mm

photons

W/Z bosons

T leptons

b-jets

Higgs bosons (!)

 resolves 79 decay products at 1.8 TeV




material in inner detector

up to 2.5 X,(40% of photons are converted)

energy resolution

10%/VE (1% constant term in barrel)




Arbitrary Units

Inverse Background Efficiency

T leptons

0.18F L I B B B B BRI
F o e 7,7 — 1, W - 1v (Simulation) 3
0.161 = Multi-Jet (Data 2012) =
0.14 —
012 ° . ATLAS \s=8TeV J
0.1 =
- p> 15 GeV, [n|<2.5 7
0.08- e 3
0.06?— ¢ 3-track _f
0.04F . 3
e = * T trigger selects ~80% of offline “medium”
C . a1, Sesaweseseses ' s i
R S e e o candidates @ 40 GeV
Myaek [GEV] * T, efficiency measured to < 4%
104 EI LI T I T T T T I T LI I T T I T LI T I LI LI I LI T T I T T LI I LI T IE
= . 4+ TauBDT Summer2012 | & g 7 T T T T T
= ° . . 5 "TE e Z,Z - 11, W - v (Simulation) ]
10° :_‘AAA °. o TauBDT Winter 2013 - >, 016 = Multi-Jet (Data 2012) E
= AAAA: 3 ® 0.14F =
- i, ® - ] = = % ]
B a0 . . ATLAS Preliminary ] g 0.12 p,>15 GeV, [nl< 2.5 is=8TeV +
A — .
1025_ A, A.A . = O.‘IE ATLAS . * i-track ]
- Au e 0.08F —
- Coe @ - . ;
B Multi Prong Yae . 1 0.06 . E
10 == pT >15 GeV, |7’]| <25 ’f = 0.04 et Y -
E . . E 0 b 02 :_ I... 0... .'.-’..00 _:
| Data+Simulation 2012, Vs =8 TeV i oi-d"' renessot®®® | TRagoees ]
1 I RN EPSEII RSN RS R BV N S R 0 02 04 06 038 1 12 14 16 18
0.1 0.2 0.3 0.4 05 0.6 0.7 08 0.9 1 prack |
T T

Signal Efficiency




b-jets

- combine discriminating
variables:
g Ntracks' Myertex
» vertex L significance
» track
» vertex pg ratio

- b-jets identified by tracker properties: useful
independence from calorimeter

» muons, neutrinos in b-jets degrade jet energy
response and resolution




b (and bb)-jets performance

Efficiency

10" g I 3 = —
(] E : : : 3 o
] E A LAS P li 1 = -
TE - MV1 T reiminary 38 [ ATLAS Preliminary I Ldt=20.3fb" Vs=8TeV i
S L tt S|mulat|on \s =8 . -
:‘g‘ 10 ? DT Nt SO U RS Ut SOPPUTSST R PPPPOY SO p >20GeV|n |<‘ ...E_ g 1:‘_ é : : a __
?—_’ - | : 1 2 i a4 —+— 1
= 2| 1 3 B T
8 10 §_ ; ; ; ; JEUUORS OO SOOI _§ 8 i 1
3 f 1 % - -
T 1 ® 05F : . u
S 10k 5 Y | | it topo kin. sel. (total error) i
— E 3 o,
g L3 L e topo kin. sel. (slal error) MV1, g, = 70% A
[ B L ! | L L
1|||||\ 20 30 40 50 60 7080 10° 2x10°  3x10°
055 06 065 07 075 08 08 09 jet p., [GeV]
b-jet efficiency
Q 006_ T T T T T LI T T T T T 1]
0,4_1 T L T L T 1 T T 0 SIM il E C ATLAS . -1 _
» , . -~ . o - Preliminary L=5fb ]
C ATLAS Simulation Preliminary ] 8 0.05 ]
035__ \s =8TeV, kM, =1.0 Track jets (R50 /2 n 0 : - .
C antik, track jets —o— Track jets (R=0.3) ] > : MV170 |T]| <1.2 7
0.3 * oalo subjets o ?2:;:26:;?23] —; 0.04F~ e Data negative tag (stat) -
r . - [ Data negative tag (stat+syst) .
0-25;_ E 0.03~ O Simulation negative tag (stat) ——
- . L ——
0.2__ . C 7
u ] 0.02— . —
0.15F = - ’
C ] p— e— .
0.1 ] 0.01=+ = y = ]
0.05F = o —
a . 30 40 50 10 2x10
C P R T R T SR N L1 1 ] ! . Jet pT [GeV]
0500 1500 2000 5500 MV1 algorithm:

Graviton Mass [GeV]

double b-tags in large-R jets

neural network uses 3-d impact parameters

and vertex reconstruction




W/Z bosons

IiPxd - Efficient: jet pairs or

EXPERIMENT

massive, large radius
jets

% 1:|.-. L] |:
S 0.9F E
@] C ]
2 0.8t =
= o
Y 07 E
0 6:* Tagging E
o« 1 "Y' L Performance .
Pure: isolated electrons DB s ke :

C/A R=0.8 + k; pruned

and and/or P e
0.3— \Y, C/AR=12 + BDRS-A

missing transverse Qb

- ATLAS Simulation Preliminary ™™ < 1.2
C 1s=8TeV 500 <p"™ <1000 GeV

e n e rg y 0.1 MRECC VTVindow

Tag
€ W Jets




pranching ratios

Higgs bosons

Higgs decay probabilities

L] o L B BRI s 18
: 77~
101—TT g9 _:4
-CC :
10%¢ :
I Zy i
10'3 | 1 i L 1 | 1 J 1 1 1 L | l L L
100 120 140 160 180 200
M, [GeV]

Observable final states

b

nstable ]
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luminosity, 2011-2012

Total Integrated Luminosity [fo"]

K 1 Iy e S O B B B B B
- ATLAS
25—Preliminary 2012, Vs =8 TeV
- [[]LHC Delivered Deliered: 22 /
20_ ecoraeaq: . ’_/J

DATLAS Recorded
[ Good for Physics

-
(6)

2011,\Ns =7 TeV

-
o

Delivered: 5.46 fb™
Recorded: 5.08 fb”’
Physics: 4.57 fb”'

Physics: 20.3 fb”'

o pot 3 ot gt ppt W\ oct

Month in Year

2012 uncertainty: 2.8%
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) )
uminosity, 2011-2012
/)
: 180 _l 1T I T T 1T I T T 1T l T T I T T 1T | LI L l T T I T 1T I_ (D T T T T ] T T T T I T T T T ] T T T T
o T ATLAS Online Luminosity 7 G:J | ATLAS Simulation Preliminary |
‘1_\ __ 1 et i - — )
a 160; [ Vs=8TeV, [Ldt=20.8fb", <u>=207 ] D 0.1 —:Ay;hf? o e auad fo“"i';’%g'ed _
';“ 140 [1 Ns=7TeV, .[Ldt =52 fb'1‘ <u>= 9.1 8 | Anti-k, LCW R=1.0 -5~ f,,=0.04 corrJVF>0.6
.*5 C . N 0<u<40 &) fe,1=0.04 linCleansing
ot 120 - - o - ## —v— f,,=0.04,JVFCleansing |
E 100 = E | " 1
— C 3 g
3 80 -]
£ r . 0.05F
g 60p —
D C .
o 40 -
200 - _
O :I L1 | L1 | 11 v e by g I Ll | |:
0 5 10 15 20 25 30 35 40 45 0
Mean Number of Interactions per Crossing 0




light higgs

COUPLINGS




probing Higgs coupling

q/
q W |74
V
g W* W
q/

L=

L=

ggF production VBF production

W

VH production

In(1+S/B) w. Events / 10 Gm

Weighted (Data-Bkg.)

Weighted events after subtraction / 20.0 GeV

Fr T 1 LA B B B
C ATLAS e Data

80~ H— tt VBF+Boosted —— H(125) (u=1.4)
C \s=7TeV,451b" =g$ef:

60— (s=8Tev,20.3fb" Fakes

40

20

7/ Uncert.

Illlllllllllll‘lll

T T T ‘ T T T T | T T T T | T T T T T T T T ]
-o- Data 2012
10~ ATLAS 1 B VH(bb) (1=1.0) ]
- \s=8TeV [Ldt=20.31b" i Diboson 7
[ 0+1+2lep., 2+3 jets, 2 tags Uncertainty ]
8 | Weighted by Higgs S/B H
6 — _
41 _
oL _
F ] 4
0 # V///V /;/ /;; /; ;/ A///’ NS / //% l e
| T 22277 %A i
C 1 1 1 ‘ 1 1 ! 1 | 1 1 1 1 | 1 | 1 [l | 1 1 1 1 i

50 100 150 200 250
m,, [GeV]
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interpretation: MCHM

— o(stat.)
sys inc.
- G(tl¥eory

— o(theory

+0.23 .
-0.22 .
+0.24
-0.18
+0.17
-0.12
+0.35
-0.32
+0.20
-0.13
+017

0.10
+0.21
-0.21
+0.24

0.19

0.16
-0.08

ATLAS Prelim.
my, = 125.5 GeV

Total uncertainty
+ 1o onpu

H—- vy
W= 1.57°033

i —
! ——
-0.28 e

—_—
——
I—-|—|

H— ZZ* — 4l
w=1.4477

-0.3

-2 InA

H—-> WW* = Iviv
H _ 1.OO+0.32

-0.29

Bl

+0.14
-0.14
+0.16
-0.14
+0.13 .
o b

Combined
H-yy, ZZ*, WW* 02
u=1.35"

1
-0.20

+0.5

W,ZH - bb
M _ O.2+0.7

-0.6

+0.4

<0.1 I | |

+0.3 .

-03

+0.4

-03

+0.2
0.1

H — 17 (8 TeV data only)

_ +0.5
p=1 .470_4

+0.24
-0.24
+0.27
-0.21
0.08
0.04

Combined
H—bb, tt

-2 InA

= 1.09+0.36

-0.32

+0.12
-0.12
+0.14
-0.11
+0.10

0.08

_'
—
!

[ I
O 05 1 15 2
Signal strength (W)

Combined
w=130"%"

-0.17

:TTT

\s=7TeV [Ldt=4.6-4.8 b -0.5

\s =8 TeV [Ldt=20.3 fb"

strengths:

unphysical region

large SM coupling signal

compositeness scale fit prefers

_
o

— ]
ATLAS Preliminary MCHM4

O a4 D W d OO N o ©

_
o

O a4 N w Hd oo N o ©

E 1s=7TeV, [Ldt=4648f"  — Observed E
= 1s=8TeV, |Ldt=203 10" --- SM expected E
= Combined H— yy,ZZ* WW* tt,bb =
B . RN IR L1
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4
g
R B e R AR
F ATLAS Preliminary MCHMS5 3
E 1s=7TeV, [Ldt=46-481"  — Observed 3
E_ \s=8TeV, ILdT =20.3fb" --- SM expected _E
£ Combined H—> yy,2Z*,WW*,tt,bb =
EII\IIIIIIIIII‘IIIIV \IIEI
-0.5 -04 -03 -0.2 0.3
g 15




ATLAS
Individual analysis

interpretation: MCH

m,, (GeV)

Input measurements
+ioconp

Overall: p = 1.17°%%7

H— vy o
ggF:p = 1'3270 -

VBF: i = 0.872'3

WH:p=1.07°
1.6

125.4
125.4
125.4
125.4

0 87 : :
ZH:p=0.1 o1 [125.4 : I :
o +0.40 [125.36 . N ——i - . .
H - zz* Overall: u = 1.444}»33 : : i : : :
ggF+ttH:p = 1.770° |125.36 N
L ete : : : : : :
VBF+VH:u =0.3 os |125.36) L —— .
Overall: p = 1.16'%* |125.36 : : : bt : :
H > Ww* o S
9gF:p =0.98" 12536 o : .
VBF:p=128"% |12536 H—— : :
VH: 1 =3.07° |125.36 i
Overall: p = 1.43"%° |125.36 E——H . .
H— 1t o ; : .
ggF:pu=20""112536 H—
A +0.59 X X
VBF+VH: = 124"0% | o o » . e . .
Overall: :0.52j:g 125.36 :' = .
VH — Vbb 065 : H :
WH:H=1-117061 125 T —ie— :
A 40.52 . :
ZH:p=0.05"" | e _—— L
H— M Overall: p =-0.7:z'; 125.5 :
.
H- ZY Overall:u=2.7:j:§ 125.5
bb:p = 15711125 A e
ttH : o . :
Multilepton: p = 2.1:1; 125 H—————
L4 at262 . . . .
k=187 1254 et

Vs=7TeV, 45471’

Vs =8 TeV, 20.3fb"

2 0 2

L
4

Signal strength (u)

M

large SM coupling signal
strengths:

compositeness scale fit prefers
unphysical region
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H — WW* measurements

> [ ATLAS H—>WW*] CATLAS 1
G 800~ \s=8TeV, 20.3fb" J’.EXPERIMENT
= - \s=7TeV, 4.5fb" . " .
_?2 600 (a) an 1, eu+ee/uu |
5 B ® Obs*stat A
AT B ~ Bkgtsyst |
400 — B Higgs ]
Z B ww i
. ] Misid i
200 O vv —
B [ Top 7
i B DY ]
0 A .
> C (b) Background-subtracted T
& 150 - ¢ Obs-Bkg —
o i — Bkgtsyst ]
g - M Higgs ]
£ 100 .
(] - 4
>
L C ]
S ]
0 [ - ® ,
| 1 I’/I//yl L1 1 1 | L1 1 1 | L1 1 1 | 11 1 1 ]

50 100 150 200 250
m+ [GeV]
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H — WW* measurements

Events / 50 GeV

Unit norm.

Events /0.1

Unit norm.

103 L AL B
: (a) n;= 2 VBF, ey
10% ATLAS ]
8TeV, 20.3fb" 3
10 :
1 -\\'I"- s
E e T
&;\WX“\\'\\‘;_ .4hhilr
o'
2 *
A
1&&& \ \
0 1 o
m; [TeV]
L — T .
(c) ;= 2 VBF, ep ]
15 ATLAS 1
8TeV, 20.3fb™
10 4

1
3

20

Events /

10

>
[}
)
o
o
A -
~
@ 05
c
()
>
L
£
S
o
c
=
C
-’

- ATLAS

[ (b) ”/ZZVBF,eM+ :

[ 8TeV, 20.3f"

(d) n;= 2 VBF, ]

eu+ee/un

ATLAS
8TeV, 20.3fb

1 15
X m/j [TeV]

Events / bin

GATLAS 72\

2 EXPERIMENT

60 -

ATLAS
\s=8TeV, 20.3fb"

BDT bin number

_| ¢ Obs + stat

Exp + syst

DEEECOED
=<sOgtT
3308 g
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interpretation of coupling measurements

gLL 4_ ‘ | T | T T T T | T T T T | T T T T | T T T I—
- ATLAS Prellmlnary : .
- *+ SMm X Best fit -
- is=7TeV, [Ldt= 46481 .

3 B — Obs. 68% CL = = Obs. 95% CL ]
T vs=8TeV, [Ldt=2031b ]
[ Combined h— ¥y,ZZ* WW* 11,bD ~ Exp. 68% CL =~ Exp. 95% CL ]

2 R

1= -

O ]

1 .. __> ]

1 1 1 1 ‘ 1 1 1 | | 1 1 1 1 | 1 1 | | -
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Ky

model constraints:
» no BSM invisible decays
» no new particles in loops

» all boson/fermion
couplings modified in
the same way

recent update: H — bb

TLAS Preliminary
\s=7TeV |Ldt= 4.6-4.8 b
\s =8 TeV [Ldt = 20.3 b

II|IIII|I]III|III'I|I'III|IIII|IIII|II_

ICD_IlllIIIIIIIII|IIII|IIII|IIII|III

o

A
<
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interpretation of coupling measurements

gLL 4_ ‘ | T | T T T T | T T T T | T T T T | T T T I—
= ATLAS Prellmlnary : .
- *+ SMm X Best fit -
- is=7TeV, [Ldt= 46481 .

3 B — Obs. 68% CL = = Obs. 95% CL ]
T vs=8TeV, [Ldt=2031b ]
L Combined h—s vY,2Z* WW*zt,bb ~— Exp.68% CL =~ Exp.95% CL 7

2 R

= 7

1 .. __> ]

1 1 ‘ 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 | 1 1 | Il 1 -
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Ky

model constraints:

>
>

no BSM invisible decays
no new particles in loops

all boson/fermion
couplings modified in
the same way

recent update: H — bb

N W b

_I | T T T T T T I I I I I T T T
- A LAS .
T Vs=7TeV, 4547 1" =
E {s=8TeV, 203" .
:— - 125.36 GeV E
— 2 =
= 3
3 =
: ]
E o s =
= = p .
= COH-2zz2
- COH—>WW
= % sM —68% CL Ejgl‘) —
- ¥ Bestfit  -=-95% CL |:|oombmed ]
04 06 08 1 1.2 16 1.8

Ky




Higgs pair production search

H — Yy : diphoton trigger, sharp peak

-—-(

\
H — b-jets (tagged)

\?AILAS

PERIMENT

two-body invariant mass resolution: ~13 GeV (bb), ~1.6GeV (diphoton)




pair

10—

Events / 2.5 GeV

Events / 2.5 GeV

[os)

100
80
60
40
20

production limits

—
~ ATLAS
n det =201b", \s =8 TeV

IIII|II

T T 7T 11
*
i
U

/]

Signal Region

—— Data

—— Fitted Signal + Bkds
Single Higgs Boson + Bkd

Continuum Background

—— —.—

III|II1|III|IIIIIII

< 2 b-Tag Control Region

11 Illllllllllllll

2.4 O excess 2

cross section limit: 2.2 pb

four-body mass distribution?

> C L B L B AL LR BN AL EEL AL B
(O] - ]
8 10k ATLAS Signal Region _
% _[Ldt =20fb", \s=8Tev —+— Data E
S Control Region Fit B
o 1 3 '-l -------- Single Higgs Boson E
E ——— m,=300 GeV, 6,xBR,,=1 pb
107 E
10% E
E o ]
> C T T T ]
8 r < 2 b-Tag Control Region b
10 —+— Data -
§ 0 E Landau Fit E
- E ]
E | - -
e 4 3
o 3
200 300 400 500 600 700 800

900
Constrained m,,, [GeV]




pair

10—

Events / 2.5 GeV

Events / 2.5 GeV

[os)

100
80
60
40
20

production limits

T L e I
~ ATLAS Signal Region i
" [Lat-2010" \s=8Tev —* Dam .
L —— Fitted Signal + Bkds i
[ L LE LD Single Higgs Boson + Bkd ]
B Continuum Background n

f | T | Ll Ly T
f + < 2 b-Tag Control Region —%
2 ay -

110 120 130 140 150 160

m,, [GeV]

2.4 O excess 2

cross section limit: 2.2 pb

four-body mass distribution?

2 1E T T T »
ks E 1 0o

3 ]
1o
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new particle
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searches for vector-like quarks

'é‘ 105 él T | ' T 17T T 17T | T T | ' T 17T | T 1T | T 17T T lé
IEI E — pp — QQ (Top++) E
4" -------- pp — Tbq, A = 2 (MG) )

10 2 — — pp— Tbq, V_=0.1 (PROTOS)

- pp - BBq, X_ = 0.1 (PROTOS) -
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Run 1: pair production

t b
Q W¥ 70 H

W+, 7% H

Q

u d

limits on single Q production: JHEP 11 (2014)104
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recent signature-based searches

same-sign tops —
same-sign leptons

same-sign leptons
from decay chains

v + jets
PRD91,112011 | 1505.04306

Busy environments!
* lepton “mini-isolation”
* hadronic W/Z/H — bb




VLQ mass limits: summary

Expected

ATLAS Preliminary
{s=8TeV, 20.3fo" Summary results:
Same-Sign |l
Preliminary
Zb/t + X
JHEP11(2014)104
Wit+X
arXiv:1503.05425

Hb+X

ATLAS-CONF-2015-012

BR(B — Hb)

Status: March 2015

B—Zb
BR(B — Wt)
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T {s=8TeV,20.3fb" Summary results:
|_ Qi
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Ht+X,Wb+X comb.
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same-sign leptons + b search

use wrong-sign Z — Il peak

[2]
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I I I I I I
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10° et [ ] Other -
w0 Uncertainties =
N | B = i
1 (S
10"
[0}
2
8
Z"é
Ry
75

SRVLQ0 SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQY
SR4t0 SRt SR4t2  SR4t3  SR4t4

',

2 or more b-jets
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|:| Other
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30F

e

- N\\\\¥

preselection + 2 b-jets

ET™* [GeV]

Good agreement with BG
prediction in most
signal regions
(including tt, not shown)

Excess in two:

dominant BG
uncertainties here are
SM background cross
section and charge mis-
ID rates
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VH resonance search at ATLAS

interpret in HVT or MWT
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29




VH resonance search at ATLAS

mmm 95% CL Observed Exclusion =l 0 R0 = 3

- --- 95% CL Expected limit - ATLAS MWT Ry,R, — ZH g=2 3
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Massive diboson (W/Z) resonances

Benchmarks: narrow
resonances with enhanced
diboson couplings

» WZ: EGM W'

» WW/ZZ: spin-2 G* in RS bulk
model

» HVT benchmarks (in some
channels)
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EPJC (2015) 75:69 and 209, 1506.00962v2

searching for diboson resonances

WZ— 3 leptons 3%
VZ — 2 leptons + jet(s) 7%
WV — 1 lepton + jet(s) 23%

VW — qqqg 47%
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o(pp — W) x BRW’ = ZW) [pb]

searching for diboson resonances

WZ— 3 leptons 3%
VZ — 2 leptons + jet(s) 7%
WV — 1 lepton + jet(s) 23%
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High resonance mass strategy

hadronic decays modified reconstruction

» larger branching ratio
compensates for small
signal cross section

» isolation corrected for

small-angle Z = #
decays

» steeply falling » overlapping jets from

nonresonant
backgrounds: less
multijet rejection
required

W/Z decays: use large-
R jet reconstruction

— first fully-hadronic searches!
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“merged” vs. "resolved”

Acceptance x Efficiency

N e echannel, LRR
0.5 ATLAS o u channel, LRR ]
- \s=8TeV = e channel, HRR

C -1 0 uchannel, HRR A
0.4— Ldt =20.3 b A e channel, MR -
- A W channel, MR ’
0 3: —e— Total acceptance
0.2
B ° AAAAAL LA i
01__ .;Oeé AZQAAAAAAAAZZZZZ—_
L] Y YT PP TS
0 0 1000 1500 2000 2500
M [GeV]
W|
W/Z

Boson-jet tagging:
» “BDRS"” [PRL100 242001
(2008)]-like mass-drop
filtering algorithm

» iteratively removes pileup,
soft radiation, and U.E

» filtering criterion \Jy is also
tagging discriminant
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rejecting g/g jets with jet mass

quark/gluon jet : average m? grows as 0O p? R?
» pileup adds additional mass

» but filtering pushes QCD to lower mass scale

> _I T TT l TTTT I TTTT | TTTT I TTTT l TTTT I T TTT I T TTT1 I T TT I_ -sg 0.1 8_ T 1T T T I T 1 T |. I T 1T T '] I T 1T T T I 1T T 1 | T T T i
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— u . - ] © - B
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200k SplitFFiltered with R _ > 0.3 1 < 0121 — Filtered Z— q B
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jet mass reconstruction uncertainties

> 022__' L I L B L B B
& ~““EATLAS Simulation bulk Gog — WW (m_=1.8TeV) 3
o 0255 _gTev E
S oqgb bulk Gog > ZZ (m = 18TeV) 3
_‘ij 0.16;— --------- Pythia QCD dijet —;
S 0.14F =
AR nl<2 E
g 01 1.62 <m, <1.98 TeV -
0.08)~ |y >0.45 4
0.06F 5
0.04F: " =
0025  tepg 1| 4
e e S F

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
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jet mass scale uncertainty: ~3%
(mass resolution uncertainty: 20% )

Jets /5 GeV

» both have about a 5% effect on all-
hadronic signal normalization
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other boson-tagging tools

Fraction of jets / 0.05

Subjet momentum balance
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selected event, O- Iepton channel
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tagging efficiency uncertainties

> F L B R B ™ * M
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reconstructing a narrow resonance

1.2

1.15

-+ MC-based energy
and mass calibration

» Uncertainty of energy
scale: 3%
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0.95

o
©

» jet energy resolution
uncertainty: 20%

Jet energy response before calibration
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Jet energy response after calibration
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0 lepton channel: result and limits

Events / 100 GeV

Significance
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Note: overlapping selection!

mass windows are not exclusive (W: 69.4-95.4 GeV; Z: 79.8-105.8 GeV)
— 20% of events appear in all three signal regions
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finally,
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the trainino

E: 6500 GeV
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wheels are off!

WJS2013

BIS status and SMP flags
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Setup Beam
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[Comments (03—Jun-2015 10:48:25)

the LHC is back in business!
(all IPs optimized)
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a flrst look at Run I
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long shutdown:

more muon acceptance
more precision tracking hits
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diboson resonances: expectations

Prospects

Expect Signa| and background
enhancements of ~8 to 15
around 13 TeV

» Run 1 comparable datasets in

a few b
Q_O ETT T T T TT L LA L DR IR R
= L ATLAS —— WZ Selection J
g 10 | -1 ) =
9 £ \s=8TeV,203fb" - WW Selection 5
1L _

107"

102k
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104 -

OSSR 46
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m; [GeV]

Activities
Changes in CM energy, inner

detector material, tracking,
simulation, pileup
conditions and calo.
reconstruction:

» recalibrate everything

» with data: repeat in-situ
studies

Re-commissioning boson
tagging (new variables,
better algorithms)!
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VLQ: Run Il outlook
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Large cross section
enhancements —
expect to match Run |
sensitivities this year

Look forward to:

improved b-tagging
(tracker + algorithms)

more searches for
single-VLQ and light
quark couplings
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after Run ll: Higgs at the HL-LHC

Expected compositeness scale

constraints (MCHMS) increase
from 0.78 to 1 TeV with 3000 fb-"
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Conclusions

We're in an ideal scenario for starting Run Il

e Run | confirmed the SM prediction in a wide
range of detailed measurements and
searches

e Detectors and analysis technigues are more
ready than ever for a discovery




