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Higos boson discovery

e Summer 2012: Historic observation of Higgs boson particle
with a mass of my=125.5 GeV from ATLAS and CMS

The Nobel Prize in

oA 20T
utumn 2013 Physics 2013

Photo: A. Mahmoud Photo: A. Mahmoud
Francois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert

and Peter W. Higgs "for the theoretical discovery of a mechanism that

contributes to our understanding of the origin of mass of subatomic

particles, and which recently was confirmed through the discovery of the

predicted fundamental particle, by the ATLAS and CMS experiments at

CERN's Large Hadron Collider" 2




Outline

e Higgs boson physics
4+ Decay channels
+ Mass measurement
+ Spin CP properties
4+ Status of rare decays searches



Outline

o LHC
4+ ATLAS / CMS detectors

e A few SM (non-Higgs) results
e Higgs boson physics

4+ Decay channels

+ Mass measurement

+ Spin CP properties

4+ Status of rare decays searches

e SUSY
® Exotics
® ATLAS/CMS potential in the future LHC runs



LHC

LHC is a (mainly) pp collider of 27 km long in a tunnel ~ 100 m
underground close to Geneva ( tunnel already used by LEP) which should
work Wlth a deszgn centre-of-mass energy of 14 TeV A/Z/owugh, 201 77V
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ATLAS Online Luminosity
=== 2010 pp \'s = 7 TeV

m— 2011 pp \/s = 7 TeV
m— 2012 pp \/s = 8 TeV
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The price of high Luminosity: Pileup

@ primary vertex

pile up vertex
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ATLAS - CMS

CMS DETECTOR

STEEL RETURN YOKE
Q Detector characteristics Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Muon Detectors . . Width: 44m Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Electromagnet\l\c Calorimeters d Diameter: 22m Overalllength ~ :28.7m Microstrips (80x180 wm) ~200m? ~9.6M channels
< Weig ht: 7000t Magnetic field  :3.8T
Solenoid CERN AC - ATLAS V1997 -~/ Niobium titanium coil carrying ~18,000.
ri ' T
S =t / 3:)
- Z 1 X el: 250 Drift Tube, 480 Resistive Plate Chambers
W [ r _ ~ - ’ Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers
8 O e | ‘ \
, ». - 0 = L K ‘ |
’ ) PRESHOWER
> (4 | / Silicon strips ~16m? ~137,000 channels
0 K49 =
1 (3 )

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

sssssssssssssssssssssssssssssssssssss

e Designed for Higgs boson discovery and New Physics searches
e Excellent vertex and tracking system
4+ Our best handle against pileup

e Excellent calorimetry with extended coverage to enable
accurate jet and missing energy measurements

e Large coverage of muon detection
Z wil/ Ma/n//t/ focus on ATIAS resw/ts 8




Why still look for SM?

e Do the experiments perform as
ELEMENTARY [iv P
PARTICLES e [s known physics correctly

B observed?

8 * Then look for new physics

o~ e We can claim signals of new

8l physics after having made
measurements of already known
physics that are consistent with

the precise predictions of the
Standard Model

= \lake sure we understand what
we measure

I 1I III

Three Generations of Matter




Standard Model: Inclusive cross-sections
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* In general, make measurements fully corrected to fiducial acceptances, which

can be easily reproduced in MC generators, extrapolate to total cross-sections

More complex topologies are important backgrounds for Higgs and BSM searches

e Beyond inclusive cross-sections: plenty of high precision measurements -can only

flash a few examples here-
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Standard Model: Dijets
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e Dijet differential cross-section as a function of m;;
e Superb QCD agreement
e Precision high enough, to test different PDF’s

e All necessary info is public: People can easily test their models 11



Top quark ph_ysig:s
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e Excellent description by NNLO+NNLL

e Top quark measurements are systematics-limited. Ongoing efforts on
reducing systematic uncertainties



Top quark physics

765S of Che fop

LHC Miop combination - September 2013, Lint =35f"-4.9fb

ATLAS + CMS Preliminary,\s =7 TeV

ATLAS 2011 THets gy 172.31+0.23+0.72+ 1.35

Ly =4.7 b

ATLAS 2011, di-lepton
Ly =47 "

CMS 2011, |+jets
Lint = 4.9 10

CMS 2011, di-lepton

- — 173.09 + 0.64 +1.50

— 4 —i 173.49+0.27+ 0.33+ 0.98

L =49t = 172.50 £ 0.43 +1.46
CLRJA?E?.H‘aHJGtS ——t—i 173.49 £ 0.69 +1.23
LHC September 2013 —_ = 173.29 £ 0.23+ 0.26 + 0.88
Tevatron March 2013 - —e—i 173.20 £ 0.51+ 0.36 + 0.61

(stat.) (syst.)

| I l | l | | I |
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Miop [GeV]

o ATLAS-CMS combination of 2011 results, for myep

+ Uncertainty of 0.95 GeV comparable to Tevatron measurement

< Dominated by systematic uncertainties due to jet calibration

+ 2012 updates are on going: myep higher precision to be reached soon



“ thlnk we have it!!” ]
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Higgs phenomenology @ LHC
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Br(H—>WW): 22%  Br(H—>bb): 57%
Br(H—>Z7): 2.8% Br(H—>TT): 6.2%
Br(H—>YY): 0.23%

® Measure all possible combinations of production modes and
decay channels

 Nature is being kind, giving us a Higgs boson with a my~125
GeV, perfect mass point to measure all measurable decay
channels

15
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s to bosons
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Higos to bosons

* We fit the Background + pxSignal model to the data

Omeasured

+ U: the parameter of interest, signal strength: 1 =
TSM

+ The value p=0 (p=1) corresponds to the absence (presence)

of a Higgs boson signal with the SM production cross section.

b  ATLAS = CMS
H—>vyy | 1.5+0.3 E08103
"""""""""" H—>77*  14%04 09%03
""""""""" H—>WW* 10203 07:02
"""""""" Combined  13:02 08x02

I : : : 1
Consistent with SM Higgs
boson predictions !




ATLAS combined mass measurement
ATLAS-CONF-2013-014
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- ATLAS Preliminary
| Vs=7TeV:|Ldt=4.6-4.81b"

[ Vs=8TeV:[Ldt=20.7fo" -

()
T

mHYY = 126.8 + 0.2 (stat.) + 0.7 (sys) GeV

mH4! = 124.3 + 0.6 (stat.) + 0.5 (sys.) SR S O W R
e Combined mass measurement i

+my=125.5 = 0.2 (stat.) = 0.6 (syst.) GeV

71 L1 | L1l ‘ 1111 11 l 1 1 | 1 1 - L1l
921 122 1283 124 125 126 127 128 129
my [GeV]

é - ATLAS Preliminary

® Mass difference, myy - myj:
10— Vs =7 TeV: [Ldt = 4.6-4.8 fb”

+ Test the assumption that both come from '} et
a common mass, parameter of interest ol

Amy = myy - Myl
+ Amp=2.3 £ 0.7 (stat) £ 0.6 (sys) GeV
+ Consistency of Amy = 0:

* 2.40 away from Amp =0 (p-
value=1.5%)

-2InA(0)




CMS combined mass measurement

-2AInL

MY = 1254 + 0.5 (stat) + 0.6 (syst) Gey V> FASHIG-13-005.

mH4! = 125.8 + 0.5 (stat.) £ 0.2 (syst.) GeV
e CMS Combined mass measurement
+mpy=125.7 = 0.3 (stat.) £ 0.3 (syst.) GeV

1OCMSP ciminary (57 TeVL<S1f Vs -8TeV. L1960t - OMS Preliminary is =7 TeV. L < 516 s-8TeV.L<19.6f' y 1OC[M.S.?..‘.m,'r,].r‘y,.'.,,.7,T.VHL.(?.1.f,b.‘.,..%T.YI,L,.J,QK‘?T?,
of ‘Hoyy+H—>2ZZ _gmb ned & H—>yy+H—>ZZ + Combined c H—>YY+H—>ZZ — with syst. ]
F Kk, (ggHR), o B + Hoyy z g: M1 (ggH,tH), ]
8f g (VBFVH) e . 2'0—_ + Ho2Z o 8 uw(VBF,VH) “rnosyst &
7t E i ] 7t | |
6f E 1.5 . sk i
51 g _ 5 =
4f B 1.0f . na E
3 —i [ ] 3b =
2 . 0.5 - of -
; i i 1
O ! K L 'l“: 00‘\ PR I R S AN TN SO U SO N S SR ST N B |> Eooviiiin [NEEEEEE \\v\\v‘ l\|| \\\\\\\\\\\\\ .
§E 128 ~o124 125 126 127 o3 22125 126 127 128
my (GeV) my (GeV) my (GeV)

® ATLAS: my = 125.5 £+ 0.2 (stat.) = 0.6 (syst.) GeV
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Higgs to fermions

* Observation via ZZ*, WW* and yy decay modes
Z/W

- - - I -

Z/W

* |s the discovered Higgs boson coupling to fermions?

warks?
Most likely yes, because of the quark
loop in gg-fusion/photon decay.
Nevertheless a direct measurement
to quarks is necessary (H—bb)

" —

| - [eplons?
f This is the question that the H=>TT/pp
— —ee-- ? analyses are addressing

l ﬁ@ngnAs & CMS updated TT

—results from December 2013!!
20



Higos to fermions (bb

e VH, H—>bb
+ V- W—>lv, Z—>l| vv

o ATLAS: u=0.2 + 0.7

e CMS: p=1.0+0.5

4+ ATLAS observes downward
fluctuation (?) originating
from 7TeV. Re-analysis

ongoing

ATLAS Prelim. *"2:‘1‘)) Total uncertainty
m,, = 125 GeV oihesy | Tloonp

VH(bb), 7 TeV ool BRI SRR :

___________________ me2lilop | o B f O E G L
VH Olepton  1=-27701418 | m——m—— | = | = .
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VHbb),8Tev 10| - - - L
____________________ K=08 oot | i e i
VH,Olepton  1=09 208 | | © |  —p= 0 |
VH Tlepon 1=071ls08 | | - . - ==
VH, 2leptons  1=-0.3"7+12 | C—— |
Comb. VH(bb) ol I SR N

____________________ m=0200l<0.1 | | 5 . i
VH.Olepon  1=050ls08 | | - o om0
VH tlepon u=01/ k08 | | = | —f= o
VH, 2 leptons H=‘O-4jj +1.2 L -—II—' i i

-2

Is =7 TeV [Ldt = 4.7 fb"
Is =8 TeV [Ldt = 20.3 b

-4

2 4

Signal strength [u]

w A OO O
o O O o
o o o o

Events after subtraction

_ATLAS-CONF-2013-079

CMS-PAS-HIG-13-004

r © L, T
I ATLAS Preliminary apate i <o 100E cms ® Data B 5
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L ! EZ4 Uncertainty ] [} 4 Z(vv)H(bb) {— VY [ acp
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[ 04142 lep., 2+3 jets, 2 tags - Lﬁ E T CJz+bb s VZ(bE) ]
[ ] 3 [ JzZ+b —— VH(bb) 125 GeV
C i 10 = [ Z+udscg —— MC uncert. (stat.) =
: | 10 E
E E 10E ]
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H—TT significant excess observed

AT1AS-CONF=2013-105 /\/leéer of eVends in /7{9/7&52‘
T T T T I T T T T I T T T T | T T T T | T T I_ . Y

= {05l Ml + €% VBFSR  ATLAS Preliminary_ BD7 ~s5core bin

S E j L dt = 20.3 b —e— Data ; 8.7+2.5

%) i — H(125)— 1t

c 4/ \s=8Tev. H(125)— 1t (u=1)_

S 107 B E 8.7x2.4

L Il Others

3 I Fake 1 1 9
10 3 7222 Uncert. 3

1 Measured signal strength: p = 1.4 + 0.5

10

Consistent with SM Higgs

1 05 0 05 i boson predictions !

BDT score

e ATLAS observes significant excess of data events in high S/B region
4+ Expected significance @ m=125 GeV : 3.20 (Probability: 6.6x10)
4+ Observed significance @ my=125 GeV : 4.10
*Probability that the observed excess is due to a background fluctuation: 2x107
e H—-TT (strong) evidence, observed by ATLAS 22




Local p-Value

H—TT in CMS

e TT Evidence confirmed by CMS as well!! arXiv:1401.5041

CMS Preliminary, 4.9 fb™ at 7 TeV, 19.7 fb ' at 8 TeV

CMSPreIiminary,Hen,4.9fb“at7TeV,19.7fb“at8TeV Y LN LR AR T T TITTIT[TIT[TTTI[TTT
s 1 T T a " — : _t .
Tyt 1-jet : f — s
10" E- 1o we,, vbf — + = At mH 125 GeVo
L\ 1, e[ W T
107 E \\ / A4 e [ - T 3.40 observed excess!
/'/ uy, vbf B —.—.—.. 7
109 36w [ T 3.60 expected
< uu, 0-jet B é .
10-4E j er, bt [ -— T
40 et,, 1-jet B + : .
10 —e— p-value observed ety O-jet | |
ey, vbf —— : : _ _ _
10 0 - expected for SM Higgs ey, 1-jet : ] u — 0/GSM — 0°87 - 0'29
50 ey, 0-jet _'—
10'7 ee, vbf B ‘ ‘ : —-—— 7]
ee, 1-jet : —.— 3 : :
108 I 1 ! ee, O-jet | —————— s s wran s TR

Il-llilllil
100 120 é40V 10 8 6 4 2 0 2 4 6 8 10
m, [Ge ]
H [ ] Best Fit O/OSM

® 40 strong evidence, when CMS combines fermionic channels bb and TT

Channel

VSN PEREA S Expected Observed
VH—bb 210 2.10 1.0+£0.5

H—ott 3.60 340 0.87+0.29
Combination 4.20 4.00 0.90+0.26

u
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A VBF H—>TT event

Run: 204153
Event: 35369265
— &ent Fror 2012-05-30 20:31:28 UTC

@4 2012

MU P7=53 Ge\
e/ PT=34 6@\/
57””7"55-:!02 GeV

M=12F 6&\/
BD7=0.99




H—>pp

ATLAS-CONF-2013-010
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¢ BR (H—>pp) very small ~2.2x10™* (~10 times smaller than yy)

® Fit my, with analytic signal+background shape

e Current sensitivity not sufficient for conclusive statement
e ATLAS: 95% CL limit @ 125 GeV: expected(observed) 8.2(9.8)xSM
® CMS: 95% CL limit @ 125 GeV: expected(observed) 5.1(8.2)xSM
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Signal strength: probe production rate

ATLAS Prelim, |~ ofstatistical)  Total uncertainty ls=7TeV,L<51f" \s=8TeV,L<19.6fb"

_ 125, Vv — o(syst.incl.theo.) 4 455 m o
my =125.5 Ge o(theory) CMS Preliminary m,, = 125.7 GeV

+0.23|Phys. Lett: B 726 (2013) 88
H— YY -0.22 y . ( ) = 0.65
+0.24
-0.18
W= 1.55°% o7
_0'2870'12........1‘...
H Zz* I tggg Phys. Lett; B 726 (2013) 88 H — bb
N 7 ~ ; w=1.15+0.62

£0.20
~0.13 M

w=1.43"0%0 0%

—
70'35*010,,..:....‘......'_.l_f.. .
+0.20 [Phys.Lett.B726(2013)88 -
H—> WW* > Iviv -o.21 : H— 1t K |

—t—
+0.23 — u=1.10+0.41
: =

—

—
pSM
—t—
M

+0.31|-0.19
W= 0.99 +0.15 :
-028| oo . HHA
+0.13[Phys. Lett. B 726 (2013) 88 .
: H— vy

Combined Coia
H-yy, Z2Z*, WW* +0.17 : .
w=1.33°2"00 : u=0.77+0.27

-0.18{_ 010 i o

WZHo bB 405 ATL%AS-CONF-?(H.’%-(WQ H N WW ;
’ 07 +0.4 |_,__| u = 0.68 t 0.20 '
H= 0'2—0.6 <0.1 l | :
H eV ) w03 ATLAS-CONF-2013-108 | , H_s 77 :
— 1T (8TeV:20.3 fb™) |- 0 : - '

+0.4 . +
“03 : 1 u=0.92+0.28 ;

+0.5
M=1-4 +0.3 '
| | IR | . PR ST TR N YT ST SN SN N TN SN TN T Y SN SN TN T N SN M

s=7Tev [Lat-46485" 0.5 0 0.5 1 15 2 0 0.5 1 18.5 tftz/ 2.5
\s =8 TeV JLdt = 20.7/20.3 b Signal strength (u) CStIL 6/6gy,

H=1.33=+0.20 M =0.80=x0.14

arXiv:1307.1427v1 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Signal strength: probe production rate

ATLAS Prelim. |— GES‘a‘t‘?“"ﬂ:‘ | Total uncertainty ls=7TeV,L<51f" \s=8TeV,L<19.6fb"
— o(syst.incl.theo. +1
m, = 125.5 GeV Tloonu -
) o(theory) CMS Preliminary m, = 125.7 GeV
+0.23[Phys. Lett, B 726 (2013) 88 I _
Ho 1y i Pow = 0-65
+0.33 |- 0.18 =
n=1.55 +0.17 ‘
-0.28 | _ 12 L L a |—l_| H N bb :
+0.35Phys. Lett: B 726 (2013) 88 . ‘ M
H— zZ* - 4l [0 ; u=1.15+0.62 .
_ { 437040013 : N '
S 3 S DU D i 00
H o WW* o vy f8:§? Phys.Lett.EB726(2013)88 — H— 1t - I Tevatron RU,IL125;ovflb
+0.31 tg?g —— uw= 1.10+ 0.41 E [7] Combined (68% C.L)
W= 0'9970.28 +0.15 e ¢ - —@ Single channel
- ' Hovyy + —_—a—
Combined +0.13[Phys. Lett: B726 (2013) 88 ! .
Homzzwwe ol T H— vy —— T
_ 1337021018 : N u=0.77+0.27 5 N
S N0 511 D Wsn! s ;
25— ' VH- Vbb [~
: ATLEAS-CONF-2013-079 L S
W,ZH— bb 05 : H— WW — & ’ ® " Best Fit (o % BrySM
oo 0a| ——— u=0.68+0.20 :
=02 " l I Tevatron
+0.3 |ATLAS-CONF-2013-1 _
H— 17 (8TeV: 203 fb) |-03 g e ' H_s ZZ : 1.40 + 0.60
w= 1470802 : 1 u=0.92+0.28 +;
04 :LO:Z PR | PR | PR P |fT‘. P 1 1 1 1 I 11 1 1 i 1 1 1 1 l 1 1 1 1 I L1 1 1 |
\s=7TeV [Ldt = 4.6-4.8 fb" -05 0 05 1 156 2 0 0.5 1 1B-5est fItzG/()' 2.5
\s =8 TeV [Ldt = 20.7/20.3 fb” Signal strength (u) SM
u=1.33=0.20 u=0.80=0.14
arXiv:1307.1427v1 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Production processes

10

arXiv:1307.1427, Phys. Lett. B 726 (2013), pp. 88-119 é: __ o ATLAS ]
E_g 8:— S \s=7TeV JLdt=4.6-4.8_1fb" B

e Coupling strength to vector bosons = '} ooy -zt
Vs that to fermions ° —nza ]

* Compatible with SM=(1,1) within 5 4~ .- o % s
68% CL contour 2 Nt

g- B ’ ]

S oof T .

e Ratio of vector-boson mediated B s S

. -2
production compared to gluon (top)- 0 05 1 15 2 25 3 35 4
initiated production ~coupling to fermions piEzZiM

ggF+ttH
+0.7

* Hver/Hggrram = 1.4 o5 = N Amas T E

* Looking purely for vector-boson o 8= 7oV {Ilzjt:4.6-4f.§fb" -
C =8Te t=20.7 fo’' 7

fusion production 12 - E
10; my, = 125.5 GeV _;

q Z/w 8:— —:

0 = — Combined H—yy, ZZ*, WW* <]

-->--—H 6:_ ----SM expected _:

d G R\ -

2f -

LMore than 30 evidence for VBF!j 0050 08 T 15 2 55 3 3%

IJVVBF / IJVgg F+ttH 28



Higgs boson properties

e SM Prediction: J’=0+
e |t decays into two photons, so not spin-1 particle (Landau-
Yang theorem)

e Use angular distributions of the decay products in the H rest
frame. Use MVA to distinguish different scenarios

4+ 0, 1%, Spin 27 (Graviton inspired models)

SRS
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Higgs boson spin

—h
o
|

|

-1 -0.5 0 0.5 1
BDT output

-0.5 0 0.5 1
BDT output

e H—>77* alone excludes non SM spin scenarios @ 95%
e 3 channels (ZZ*, WW*, yy) combined exclude 2+ @ 99.9% CL,

independent of production mode

L

| Data compatible with]

the SM 0* hypothesis |

arxiv:1307.1432
N- B I I I I | I I I I I I I I [ | I [ I I Q! | | | | I | | I I I I I I I I | I I | | |
O ggl * Paa ATLAS 1 OSopl * Data ATLAS -
» [ Background Zz* > [ Background Zz* i
o [ H—ZZ*—4l O H—ZZ*—4l
= os [ Background Z+jets, S [ [ Background Z+jets, tt
5 Sl L I_Ez()—_JP_0+ -
g \s=7 TeV [Ldt=4.6f0" 1 " prienle, \s=7 TeV [Ldt=461" ]
o0t \s=8 TeV |Ldt = 20.7 fb "] i \s=8 TeV JLdt=20.7 o'
- ] 151 -

30



Supersymmetry

- Where to start?

-4 o
N >JVW<C
- Huge parameter space, but guiding principals a " siongsusy *~ g & Electroweak NN

production SUSY production

e SUSY searches strategy driven by cross-section and luminosity

o [pb]

10

T\ |

I I[II\|I|

m
2

I ]II\IIII

[ I I | | [ I ‘ I I | I I I ‘ 1 I ‘ I T A

L

1 - Early analyses dominated by

OwlPbl: pp = SUSY | hroad and inclusive searches for
VS=8Tev | gluino and squark production
Strong ; - Increasing luminosity gave
production 1 access to rarer production
(1+2 gen. squarks, channels.
and gluinos)

eg charginos, neutralinos

| IIHIIl

|

- It was quickly realised that
dedicated searches had to be
developed to adequately cover the
rich decay spectrum

| — ‘ ] | ‘ I

200

1000 1200 1400 1600

mMSUGRA, CMSSM, GMSB,
- [GeV] Gravitino LSP, R-Parity violating, ...

average

= Typically searches probing signatures with energetic
jets and large Missing Energy, and 0,1,2 leptons 31



MSUGRA/CMSSM limits

MSUGRA/CMSSM: tan(B) = 30, A0 =-2my, >0 Status: SUSY 2013

1 ! | |L_I L I | ! I ! | | ! I 1 ! I | ! 1 | ! !

------------- 95% CL limits. 525" not included.

== Expected  (.|epton, 2-6 jets
m== Observed  ATLAS-CONF-2013-047

- = Expected  0_|epton, 7-10 jets
=== Observed  arXiv: 1308.1841

— — Expected 01 |gpton, 3 b-jets
Observed  ATLAS-CONF-2013-061

Expected  {_lgpton + jets + MET
Observed ATLAS-CONF-2013-062

—— Expected 1.2 tays + jets + MET
mmm Observed  ATLAS-CONF-2013-026

Expected  5_5S-|eptons, 0 - > 3 b-jets
Observed  ATLAS-CONF-2013-007
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® Gluino mass > 1.3 TeV wniversal scalar mass

+limit at large mo from

e Squark mass > 1.7 TeV
+ limit from untagged O-lepton analysis 32



Searches for direct stop production

e Dedicated program for stop and sbottom searches ongoing

e Maximum stop exclusion of 680 GeV, but it can be significantly

lowered depending on mass and mixing parameters

newtralino
t t1 production Status: SUSY 2013
;‘ L I L I | | LI | LI I UL | 1 l l I | LI | L | | | | | | I I
O 600 — ATLAS Prellmlnary L,=20-21f"1s=8 TeV L, =4.7fb"v1s=7 TeV
(D B = oL, t Sty OL ATLAS-CONF-2013-024 OL [1208.1447] T
R - -
_ . —m 1L 1 Sty 1L ATLAS-CONF-2013-037 1L [1208.2590]

C{X : Observed limits = 2L, t—>tx? 2L ATLAS-CONF-2013-065 2L [1209.4186) :
E 500 | mmm Expected limits = oL t-w bx 2L ATLAS-CONF-2013-048 |
| =——— 0L, mono- jet/C tag, t —C X OL mono-jet/c-tag, CONF-2013-068 |
L All limits at 95% CL ——— 0L, Mp=Mo+5 GeV 0L 1308.2631 . 1
- [ -2L, t - bx m,. = 106 GeV - 2L [1208.4305], 1-2L[1209.2102] _]
- CDF 26 fb-1 [1 20341 71] _ 1L t - bx m = 150 GeV 1L CONF-2013-037, OL 1308.2631 -
400 — — 2L, t - bx m =m; - 10 GeV 2L ATLAS-CONF-2013-048 —]
- == 1o, t N bx m Z2x m 1L CONF-2013-037, 2L CONF-2013-048  1-2L [1209.2102] -
[~ ~ —t %) ~0 ~ 0, 0 ~0 ]
- t1—>bx1,x1—>W() 1 t—cX, /t> Wby /t—>tY .
300 — N RN —
n < - s i
= \ .
b | -

\
L ] ]
200 |- ‘-. ]
- & g Ge{ll) -
-~/ 3 4

1
- 1 =

d [
100 <7035 GeV __
mf<1(ﬁG?V_ - :
O 1 | I | | 11 1 1 | 111/ | L1 1 1 | ] II W, i
200 300 400 500 600 200 300 400 500 600 700
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'ATLAS SUSY searches* - 95% CL Lower Limits

ATLAS Preliminary

3 gen.

*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.

Status: SUSY 2013 f _ ) -1 -
- U, Ldt=(46-229)fo! +s5=7,8TeV
Model e T,y Jets ET'™ [Ldt[i™] Mass limit Reference
T I T T T T T T T L] I T T Ll T T T T
MSUGRA/CMSSM 0 2-6jets  VYes 20.3 4.8 1.7 TeV m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6 jets Yes 20.3 g 1.2 TeV any m(q) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 203 |§ 1.1 TeV any m(g) 1308.1841
S 53 q—)le 0 2-6jets Yes 203 |§ 740 GeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S g g_>qu1 0 2-6jets  Yes 203 |& 1.3 TeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S && FoqatisqqWER 1eu 3-6jets Yes 203 |& 1.18 TeV m(¥?)<200 GeV, m(¥*)=0.5(m(¥})+m(2)) ATLAS-CONF-2013-062
D gz, goqq(Ct/tv )T 2eu  03jets - 203 |& 1.12 TeV m(E)=0GeV ATLAS-CONF-2013-089
o GMSB (¢ NLSP) 2e,u 2-4jets  Yes 4.7 tang<15 1208.4688
‘B GMSB (7 NLSP) 1-271 0-2 jets Yes 20.7 tang >18 ATLAS-CONF-2013-026
S GGM (bino NLSP) 2y - Yes 48 m(E9)>50 GeV 1200.0753
S GGM (wino NLSP) leu+y - Yes 4.8 m(¥3)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 m(EY)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) O0-3jets  Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes  10.5 m(g)>10"* eV ATLAS-CONF-2012-147
5 gqu)?o‘{ 0 3b Yes 201 |& 1.2 TeV m(x1)<eoo GeV ATLAS-CONF-2013-061
“E’ g—>t£\?6 0 7-10 jets  Yes 20.3 g 1.1 TeV m(t?) <350 GeV 1308.1841
wp &t 0-1ep 3b Yes  20.1 g 1.34 TeV m(X )<400 GeV ATLAS-CONF-2013-061
AN 0-1e,p 3b Yes  20.1 g 1.3 TeV m(¥?)<300 GeV ATLAS-CONF-2013-061
biby, b1—>b)q 0 2b Yes  20.1 by 100-620 GeV m(¥)<90 GeV 1308.2631
g bib, bhi-th 2e,u(SS) 03b Yes 207 |b 275-430 GeV m@f)=2 ) ATLAS-CONF-2013-007
<. F(light), f—bVi 1-2epu 1-2b Yes 47 |t 110-167 GeV (” )=55 GeV 1208.4305, 1209.2102
‘:“ g %ﬁl(light) o Wb){l 2epu 0-2jets  Yes 20.3 f 130-220 GeV m(Xl) m(%)-m(W)-50 GeV, m(f;)<<m(¥7) | ATLAS-CONF-2013-048
9{'8 t1 1 (medium), t1—>t)(1 2epu 2 jets Yes 203 |§ 225-525 GeV ( )—0 GeV ATLAS-CONF-2013-065
S8 t t(medium), t1—>b)(1 0 2b Yes 20.1 El 150-580 GeV )<200 GeV, m(t1)-m(t9)=5 GeV 1308.2631
%*5 1 F1(heavy), t1—>t,\: 1eu 1b Yes 20.7 t 200-610 GeV m(Xl)-OGeV ATLAS-CONF-2013-037
< @ Hhh(heavy), Hioth 0 2b Yes 205 |% 320-660 GeV m(@)=0 Gev ATLAS-CONF-2013-024
"D hi, f1och 0  mono-jet/c-tag Yes 20.3 (31 90-200 GeV m(tl) m(i?)<85 GeV ATLAS-CONF-2013-068
%t (natural GMSB) 2e,u(2) 1b Yes 20.7 t 500 GeV m(¥?)>150 GeV ATLAS-CONF-2013-025
b, ot +Z 3e u(2) 1b Yes 20.7 t 271-520 GeV m(#)=m(¥3)+180 GeV ATLAS-CONF-2013-025
€L RILR, i—e¥ 2epn 0 Yes 203 |7 85-315 GeV )-0 GeV ATLAS-CONF-2013-049
5 X#)fl , ,\i_)fy(fv) 2e,pu 0 Yes  20.3 )Ez 125-450 GeV m(X )=0 GeV, m(Z, #)= .5(mp§f)+m(i‘1’)) ATLAS-CONF-2013-049
S o X Xo{ X1 —=Tv(79) 27 - Yes 20.7 X 180-330 GeV m(¥?)=0 GeV, m(z, #)=0.5(m(¥5 )+m(E})) ATLAS-CONF-2013-028
w-s Xl/\,’ —>£Lv€6€(vv) VL () 3eu 0 Yes 207 | XK 600 GeV mET)=m(¥3), m(3)=0, m(Z, #)=0.5(m(¥; )+m(¥})) ATLAS-CONF-2013-035
XiXo— WY ZX& 3epu 0 Yes  20.7 | X,k 315 GeV m(¥;)=m(¥3), m(¥9)=0, sleptons decoupled | ATLAS-CONF-2013-035
XiXo—>Wiih¥1 1epu 2b Yes 203 | XK, 285 GeV ¥i)=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Direct i1 47 prod., long-lived %7 Disapp. trk 1 jet Yes 203 | & 270 GeV m(E;)-m(F3)=160 MeV, 7(¥;)=0.2 ns ATLAS-CONF-2013-069
= %’ Stable, stopped & EF R-hadron 0 1-5jets Yes 229 |§& 832 GeV m(¥9)=100 GeV, 10 us<7()<1000 s ATLAS-CONF-2013-057
SE GMSB, stable 7, {3 >7(8, f)+r(e,p) 124 - - 15.9 10<tans<50 ATLAS-CONF-2013-058
% 8 GMSB, X?—WG long-lived X1 2y - Yes 4.7 0.4<7(¥7)<2 ns 1304.6310
= 33, X?—>qqp (RPV) 1, displ. vix - - 203 |a 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥?)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥. + X, ¥ —e +u 2e,p - - 46 A4,,=0.10, 4;32=0.05 1212.1272
LFV pp—v, + X, v,—e(u) + 7 lepu+t - - 4.6 A41,=0.10, A;(5)33=0.05 1212.1272
>  Bilinear RPV CMSSM 1eu 7 jets Yes 4.7 m(§)=m(g), ctsp<1 mm ATLAS-CONF-2012-140
% Xi)cl X1—>WX° X0—>eevu, euve  Aep - Yes 207 [ 760 GeV ()?‘f)>300 GeV, A1y >0 ATLAS-CONF-2013-036
X1X1, X1 > WX, X117, 19, 3EU+T - Yes 20.7 X3 350 GeV ( )>80 GeV, 4133>0 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 203 | & 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tt, ti—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_0:3 Scalar gluon pair, sgluon—tt 2 e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
6’ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0of<687 GeV for D8 ATLAS-CONF-2012-147
L I L L L L L L L
Vg =8 TeV 1 0—]_ 1
full data Mass scale [TeV]
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'ATLAS SUSY searches* - 95% CL Lower Limits

ATLAS Preliminary

Stalus: SUSY 2013 | » [L£dt=(46-229)fo! 5=7,8TeV
AT S s v i
Model e T,y Jets ET'™ [Ldt[i™] Mass limit Reference
T T T T I T T T T T T T L] I T T Ll T T T T
MSUGRA/CMSSM 0 2-6jets  VYes 20.3 6.8 1.7TeV m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6 jets Yes 20.3 g 1.2 TeV any m(q) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 203 |§ 1.1 TeV any m(g) 1308.1841
S 53 q—)le 0 2-6jets Yes 203 |§ 740 GeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S sz, g—>qu1 0 2-6jets  VYes 20.3 g 1.3 TeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S  z& goqotioggW )81 1eu 3-6jets Yes 203 |& 1.18 TeV m(¥?)<200 GeV, m(¥*)=0.5(m(¥})+m(2)) ATLAS-CONF-2013-062
D gg, goqqlet/tvivw)¥; 2ep 0-3 jets - 203 | & 1.12 TeV m(¥3)=0GeV ATLAS-CONF-2013-089
o GMSB (¢ NLSP) 2e,u 2-4jets  Yes 4.7 tang<15 1208.4688
‘B GMSB (7 NLSP) 1-271 0-2 jets Yes 20.7 1.4 TeV tang >18 ATLAS-CONF-2013-026
T::: GGM (bino NLSP) 2y - Yes 4.8 m(E?)>50 GeV 1209.0753
S GGM (wino NLSP) leu+y - Yes 4.8 m(¥3)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 m(EY)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(F)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet m(g)>10"* eV ATLAS-CONF-2012-147
S 750 0
e e e o R e SORRSSR 1313 SN 4= ) JUROORNRPMOR 1| n 1o} AR Y

-For now: results

of SUSY particles (yet??
interpretation, by deriving limits

!

TSR SRS i AT : a i L e - = : =
X1Xo—WXihX] Teu 2b Yes 20.3 I x;!.xz’ 285 aev m(¥7)=m(X3), m(Y7)=0, sleptons decoupled | ATLAS-CONF-2013-093
8 o Direct {1 i1 prod., long-lived Xi Disapp. trk 1 jet Yes 20.3 270 GeV m(¥;)-m(¥3)=160 MeV, 7(¥7)=0.2 ns ATLAS-CONF-2013-069
g % Stable, stopped g g R-hadron 0 1-5jets Yes 229 832 GeV m(¥9)=100 GeV, 10 us<7()<1000 s ATLAS-CONF-2013-057
ST GMSB, stable %, X1—>T(e a)xr(e,p) 1-2p - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
% g GMSB, X({—WG long-lived X1 2y - Yes 4.7 0.4<7(¥7)<2 ns 1304.6310
=l 33, X?—>qqp (RPV) 1 u, displ. vix - - 20.3 1.0 TeV 1.5 <ct<156 mm, BR(1)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, V;—e +pu 2eu - - 4.6 A41,=0.10, 1;3,=0.05 1212.1272
LFV pp—v, + X, v,—e(u) + 7 leu+t - - 4.6 A5,=0.10, ;(5)33=0.05 1212.1272
> Bilinear RPV CMSSM 1eu 7 jets Yes 4.7 m(§)=m(g), ct sp<1 mm ATLAS-CONF-2012-140
o Xi)(l xi:—>W)c° Woeev, ense  4en - Yes 207 | F 760 GeV m(¥9)>300 GeV, diz1>0 ATLAS-CONF-2013-036
X1X1, X1 > WX, X117, 19, 3EU+T - Yes 20.7 X3 350 GeV ( )>80 GeV, 4133>0 ATLAS-CONF-2013-036
£—4qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—tt, ti—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
L Scalar gluon pair, sgluon—t% 2 e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
6’ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
L I L L L L L L L
full data 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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*Many extensions of "y B =
the SM other than ' ‘ Q) N S
SUSY have been
developed |
+ GUT, Extra P

dimensions nei-t4C /

+ Heavy resonances
(eg Z')
+ Dark matter
+ Monojet signatures

+ Vector like quarks

+ Same sign di-
leptons and b-jets
signatures

* LN
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Exotics:

ee,

Events

Observed / Expected
oo oo
EE NS

o B[pb]

ATLAS-CONF-2013-017
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Dark matter searches

arXiv:1309.4017

e Search for Weak Interacting Massive Particle

® pp—>XX+X

+ X: jet, photon, W, or Z produced in Initial State Radiation

e ATLAS WIMP searches where W/Z decay
hadronically: events with large jet and MissingE;

350 T T l LI B | T l 1T

T l T

Daré MdZ‘Z‘er—nac/eon Scaz‘z‘ermq X*Secz‘/on

> T C\l _| LI |
© - ) —e— Data . —.— D5(u d) obs — D5(u d) obs o°
(05 300 _:.[ Ldt=203f" \s=8TeV Z(vv)+jet 51 0 30 [ --- CoGeNT 2010 —— CDMS low-energy 90 A CL
— u _ W/Z(e/u/t et L —— XENON100 2012 COUPP 2012 —
> EATLAS .Prellmlnary - Top( WD+ _5 1038 B D5: ATLAS 7TeV j(xX) J
5 250~ SR: E]** > 350 GeV Diboson 510 (R .
L Z_ ///, uncertainty 1 D B 7]
200¢ — D5(u=d)x100 | @B 10*°F N\ ea.____.-- —_
150F —— D5(u=-d) x1 g _ -
P L —
1004441 4)— 4 = B i
. i ///7//// b o :
50 1044 | spin independent —
= - p lirits based on |
46 -lATLAS 20.3 fb \s= 8 TeV 1 arXivi00s 1753 |
Y 60 70 80 90 100 110 120 10 1 — T T TS
]et [GeV] mX [GeV]

- ——

"o DM-nucleon scattermg cross section: ATLAS contributes to reglon m <1O GeV
where the direct detection experlments have less senSItIVIty
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s B (ADD) oG
Large ED (ADD) : monophoton +E, .. ATLAS
2 Large ED (ADD) : diphoton & dilepton, m,, M (HLZ 5=3, NLO) =
2 UED : diphoton + £, .. Compact. scale R Preliminary
Z S'z, ED : dilepton, m, Mg ~ R’
g RS1 : dilepton, m, Graviton mass (k/Mg, = 0.1)
3 RS1 : WW resonance, my . Graviton mass (k/Mp, = 0.1) p
© s _B(lél:;ROS 9225 re_sonlance, m, Graviton mass (k/Mp, = 1.0) Ldt=(1-20)fb
= g —tt =0. St — I+jets,m g, mass _
o ADD BH {M,, /M,=3) : SS dimuon, N, __" Mo (56) fs=7.8TeV
ADD BH (M, /M =3) : leptons + jets,Lp M, (5=6)
Quantum black hole : dijet, F (m, M, (5=6)
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........................................................................ W' (= tb, LRSM) :m,, [543 w8 eV iaTLAS cone 2015050 184Tev W mass
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*Only a selection of the available mass limits on new states or phenomena shown



A ASExotlcs‘Searches( - 95% CL Lower L|m|ts_(Status May2013)A ]

Large ED (ADD) : monojet + E
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2 1 . ' A
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*Only a selection of the available mass limits on new states or phenomena shown



What to expect from the future LHC?
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LHC planning

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027

(updated by CERN: Dec. 2" 2013)

Run 1: Vs=7-8 TeV, [Ldt=25 fb, pileup p=20 __ -
Lreak=().7x1034 cm2s™" 7 25 7

LS1: phase 0 upgrade new

Run 2: Vs=13-14 TeV, [Ldt=120 fb-!, pileup u=43 _
| peak=1 Bx1034 cm-2s-1 — ~120 £4™

LS2: phase 1 upgrade

Run 3: Vs=14 TeV, [Ldt=350 fb-1, pileup u=50-80 _
] Predp ¥ — > ~350 £4”

Lreak=2-3x1034 cm—=2s-1

LS3: phase 2 upgrade

HL-LHC: Vs=14 TeV, [Ldt=3000 fb-, pileup u=140-200
LPeak=20x1034 cm-2s-1 leveled to Lreak=(5-7.5)x1034 cm-2s™"

—> ~300X7?) £4
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| HC machine in 2015

o | HC will start again in 2015 for the Run 2

Expectation 2015 2016-2017
CM energy [TeV] 13 13-14
Int:;:atew;_[fb-am 1‘5—3: :0—120 J
B;ch spa;n; [ns] - 25 i 251
lowp <p> | 25 40

° 2015
« s energy expected to be 13 TeV and average pileup at 25

e 2016-2017
+ LHC likely to reach its design energy: \s = 14 TeV
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Cross sections Increase

e Physics reach, largely driven by increase in partonic luminosities

proton - (anti)proton cross sections

g i http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
10° ———rrrry 3 10

i : ; : ] WJS2013
1()‘3 E cmt_’_s”-g— : = 108 100 [ T LI B | T T T T T T T T I’
i ; : : 1. - ; i itiag- !
10 b Tevaton  LHC. 10 | ratios of LHC parton luminosities: 13 TeV /8 TeV /
10° F : ' L Jd1e° !
10° b - e "o
L o ] o
10' E ’ 310 €
L ] ©)
10° E ) 3 10° 8 —
b e > s20 i = ©
~ 0F 3 [
3 ] >
o) i ]
€ w0¢ Ow J100 2 5 10} E
. [ o, ] 0 NS (@) [
© 10"k (E>100 GeV) 1% o =
10" b 410" @ -
[ ] n =
10° £ 410° £
L c ] (]
10° L ;Vtw J10° 3
" I Oz ] 4
10 E_ cggH : : E _E 10
10° | M,=125 Ge"{ o oo H00 MSTW2008NLO
: 6 : ‘ : : 1 1 1 1 l 1 1 1 1 1 1 1 1 l 1 1 1
10° [ ver : 0 Jet 1 ] ]
- [ wgs2012 S . N . ] W0 00 000
0.1 1 10 MX (GeV)

Vs (TeV)
e Significant cross-section as mass, My, grows

e Backgrounds will increase as well, though. Fortunately not with
the same rate a4



Higgs @ 13-14 TeV

'_|1 02 UL ] T T 1 7T I T T 7T I T 1 1T 71 | 1 T 71 I T 1 1 71 |

NLO EW
O+NNLL QCD
op — H (NNL

11 1 T11m

-
o

o(pp — H+X) [pb

ll lI I[llllll

pp — aar (NNLO QCD NLO EW)

s op — WH (NNLOQCD % NLO EW)
E/’f
| pp — ZH (NNLO QCD + NLO EW)
10" )
:l 1 1 1 1 l 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 l 1 1 1 L | | | | ) [:
7 8 9 10 17 T "
\s [TeV]

® bbH might be relevant too

e Total cross section for 14 TeV is ~2.5 times that for 8TeV
(dominated by ggF)

e All very similar except for ttH, which shows a larger increase :
factor of 5 for 14 TeV

e Expect in 2015 alone alone to be 2xRun-1 statistics.
e Full Run-2: 10-15 x Run-1 statistics



Higgs boson coupling measurements

Relative precision on

Higgs cross section
ATLAS-PHYS-PUB-2013-014

ATLAS Simulation Preliminary
{s=14TeV: [Ldi=300 " ; [Ldt=3000 fb*

H—pp  (comb.)

H—ott (VBF-like)

H— ZZ (comb)

H— WW (comb.)

H—Zy (incl)

H—yy (comb)

0 02 04
Ap/p

Higgs self-coupling HHH? Ongoing studies for very challenging analyses

Access to rare decays:

Expected Significance

H—pu: How does it couple to 2"
generation?
H—Zy: Is there new phv5|cs in Ioops?

CMS Prellmlnary Standard Model H—-uu
6 — T T
VS 14TeV

> w AARRS
120_ T Bac kg

—SMSg |

- B-only fit

/ Ge

@ 100/

ent

-] S . 2 [is=t14Tev
+ E W so— g
[ | Lat = 3000 o

60[—
[ ATLAS Simulation

[ Preliminary N
40— HoZy, Zouplee -]

20— ]

0

(Events - Fit) / GeV

|||||||||||||||:O
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s el

—
Bo = L
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3
3
=3
[0}
=

Integrated Luminosity [fb™]

CMS projections for coupling precision (arXiv:1307.7135) in %

L(fb Y| «, Kw Kz Ke B Kp Kt K1 Kz, K
300 [5,7] | [4,6] | [4,6] | [6,8]% [10,13] & [14,15] | [6,8] | [41,41] | [23, 23]
3000 [8, 8]

[2,5] | [2,5] | [2,4] | [3,5]8 [4, 7] [7,10] | [2,5] | [10, 12]

HL-LHC will enable precision Higgs physics:
= probe most couplings with 2-8% precision

= factor ~3 improvement compared to 300 fb* LHC
= Access toimportant rare decays

Estimate: ~20-30% precision

arXiv:1401.6081
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SUSY prospects towards HL-LHC

r—?] OOO T T T T T T T T T T T T T T T T T T T T —] —
% ATLAS éimu/ation Pre//m/nary 3 2 600 _
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o *300 fb™ §<p>_60) 95% CL exclusion = E 500
% 800 -3ooo fb™ (<y>=140) 50 discover — C
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....... 3 L LWz
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ATLAS Simulation Preliminary
===+ 3000 fb' exclusion, p = 140
=== 300 fb™" exclusion, u = 60

8 TeV, 20.7 fb " exclusion

\,\\_—\_\’\C

.
|||||||||||||||||||||||||||

stop [GeV]

600 700 800 900 1000 1100 1200
m m [GeV]

HL-LHC enables characterization of any new particles found

inruns 2 and 3

HL-LHC significantly extends discovery reach

Probe stop masses up to M~1.5 TeV
Probe chargino/neutralino masses up to M~1 TeV

Probe gluino masses well beyond 2 TeV

ATLAS-PHYS-PUB-2013-011
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13-14 TeV running

gluino pair (1.5 TeV)
gluino pair (2.5 TeV)

e Hugely increased potential for discovery of heavy particles at 13-14 TeV

Cross section ratios: 14 (13) TeV / 8 TeV

Minimum bias
ZZ

WH

H (ggF)

H (VBF)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)

o 11 (for 13 TeV / 8 TeV: 8.4)
16 (for 13 TeV / 8 TeV: 12)
72 (for 13 TeV / 8 TeV: 46)

5700 (13 / 8: 2700)
Z'SSM (3 TeV)
Q" (4 Tev)
QBH (6 TeV)

12000

” > F
T e e e i ¥ I|||||l[’ T ¥ L e i o of

1 10 100 1000 10000 100000
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| HC Run 2 and Run 3

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

Run 2: Vs=13-14 TeV, |Ldt=120 fb-', pileup u=43 _
|reak=1 Bx1034 cm-2s-" — ~120 fél

LS2: phase 1 upgrade

Run 3: Vs=14 TeV, [Ldt=350 fb-!, pileup p=50-80 —
Lpeak=2-3x1034 cm—2s-1 - > ~350 fé .....

LS3: phase 2 upgrade

Run 2: Need a few (~5) inverse fb! to exceed currents limits

+ Expected for summer 2015
 Stay tuned for Moriond 2016

_imits will improve by a factor of ~2 end of Run 2
Run 2 is critical for searches

3SM searches benefit a lot by the increase of Vs energy

+ If nothing new is seen then

% Slower increase in limits during Run 3

% Run 3 basically more a measurement programme than a search program
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Epilogue
e Fantastic delivery from LHC during exciting Run-I

e Detectors maintained excellent performance despite beyond design
pileup
e Higgs boson discovered @ my=125.5 GeV !!
+ Move beyond observation
+ J'=0* strongly favoured
+ Higgs analyses are now part of the measurement programme
% Coupling measurements
e Wide range of searches explore more challenging parts of SUSY space,
and complex BSM signatures =» No sign yet of a second discovery

* What to expect in Run-Il starting in 2015¢
+ Higgs (more) precise measurement programme
* ttH evidence/observation
+ SUSY and BSM searches will benefit a lot from the LHC energy increase

« A few fb™" are enough to exceed current limits =» Stay tuned 50
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Handling pileup

Handllng pileup
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After intense work, impact of pileup
can be much reduced, even beyond
the design maximum of py~25

D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon,

Vietnam
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Top quark physics

S /‘nﬁ/ e fop
| |

3‘ : T T I. . T T | :
2 £ CMS Preliminary -
° & : .
~ Single top-quark production -
10° ¢ ) 3
B s-channel
— y —
1 = —
= NNLO Kidonakis PRD 83, 091503 (2011)
- CMS, JHEP12(2012) 035 =
B CMS, PAS-TOP-12-011 _

P NNLO Kidonakis PRD 82, 054018 (2010)
107 E O  CMS, Phys.Rev.Lett 110, 022003 (2013) 3
= A CMS, PAS-TOP-12-040 E
= NNLO Kidonakis PRD 81, 054028 (2010)
B Y  CMS, PAS-TOP-13-009 (FC interval) 7

102 I I I I I | | | | | | |

2 3 4 5 6 7 8 9 10 11 12 13 14
(s [TeV]

e Excellent description by NNLO+NNLL

e Top quark measurements are systematics-limited. Ongoing efforts on
reducing systematic uncertainties



What about Higgs boson mass?

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPQULOS **
CERN, Geneva

Recened T Novenber 1972 Review of H decay modes and status searches in 1975

| —
/. i
3 o - perimentalists for having no idea what is the mass ot the Higgs boson, unlike the

ki ‘I%\/ e -
% case with charm [3,4] and for not being sure of its couplings to other particles, except

b FAFPre that they are probably all very small. For these reasons we do not want to encourage

V(B)
s 2

We should perhaps finish with an apology and a caution. We apologize to ex-

+gf -

big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.

%oa) Mdhy
of these?

\ s e
2 i N HGGS

A\ 4

2013: | |W“ﬂ

Mass IS meascred with Che /)/3/7 MaSS resSolution (-2 % > channels: vy vV - 4//
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Higgs events candidates in ATLAS & CMS

—t

Run Number: 204769
Event Number: 82599793
Date: 2012-06-10, 13:12:52 CET

EtCut>0.4 GeV
PtCut>1.0 GeV

Muon: bl

ANV |




CMS Higgs width measurement

SM Higgs boson width vs mass

o Very narrow resonance at low mass: = 10°F
~4 MeV at 125 GeV S ek 3
e E H4 =
F 1%

10 E

o Signal modeling:
analytic convolution of a : 11
Breit-Wigner distribution
(modeling a non-zero decay width)
Gaussian distribution 107

T H\Hw

TT
Ll

107

[ II\HH,

IJIHH\ IIJHH\

b [[TTTTT
@)
o

(modeling the non-zero detector resolution) 200 300 500 100
M, [GeV]
o Method:
profile likelihood estimator is used to calculate upper 1=TTeV L=5.11b"

CMS Preliminary 1s=8TeV L=19.6fb"

limits on the width

-2ALL

— 7+8 TeV (observed)
- =7+8 TeV (expected)
- FC 95% Upper Limit (observed) K
- = FC 95% Upper Limit (expected) ..." CMS

o First direct upper limit on the Higgs boson width:
an upper limit on the natural width of the Higgs boson:
- 6.9 GeV at 95% CL (observed) 3
- 5.9 GeV at 95% CL (expected)

IIIIIIIIIIIIIIIII[IIIIIIIII

8 10
Higgs Decay Width (GeV)
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Mass measurement with H—>vyy

> I T T T T T T >5000 T r [ rrrrrrr [ rr 11T 1]
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; [ SM Higgs boson m =126.8 GeV (fit) _| Lo - {s=8TeV,L=19.6 fb' (MVA) o -
£ T ey memeeees Bkg (4th order polynomial) . +~4000 [ I+t —
o | ] ~ B n
S 6000 py
u SO ATIAC B - il
= B ted Y rvoroaenr B "CB B 7]
soook -~ ) EXPERIMENT | % - -
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- ‘1 1 ©3000f .
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O 500 = —= @) - .
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el 400 E- —= 'O r 7
§e, 300E- = - i
= 200E- + = ; 1000 L _
[ 100 E- + + + — —~ N
1 0 = | 1 + * h + m | ]
= 100% + ? + ¢ ’ ¢ + . -
) -200 N L i
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! GeV
m,, (GeV)

My;q0s = 126.8 £ 0.2 (stat.) £ 0.7 (syst.) GeV My;q0s = 125.4 £ 0.5 (stat.) £ 0.6 (syst.) GeV

/ arger stat 1stical uncertanty in CMS, /s mostly Ciomz‘ng
fronr Lhe /ower obServed s /:9/762/ y/e/ d wrd ATLIAS
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Mass measurement with H—>7/7*

CMS Preliminary ys =7 TeV, L=5.1fb'\s = 8 TeV, L=19.6 fb'

< 1 4 I I 1T T 1 | L | 1T 11 | L | 1T 11 | 1T T |
= - ATLAS Preliminary H—zZ" 54
N 12] \s=7Tev: [Ldt=4.6" wAILA I
< 1s=8TeV: |Lat=207f" |zl /
10_ —  4u m =123.8 Oastat) /

( (
T de My = 126.2 ' %(stat) * '0 8(sys
. — 2e2u M = 1250 og(stat) °%
' ?(stat) **%(

2u2e m =1226", 41 stat)

0

-2A In L
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- Combined

— H—> ZZ > 4e
— H—> ZZ - 4u
— H—> ZZ > 2e2u
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22 124 126 128 130 132
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m, [GeV]
Mo = 123.4 £ 406 ((stat.) £ *0-5 , ; (syst.) GeV

My;q0s = 125.8 £ 0.5 (stat.) £ 0.2 (syst.) GeV
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- ATLAS-CONF-2013-009

Events/1 GeV

95% CL limit on o(H—>Zy)/a,, (H-2ZY)

Sensitive to new physics

T l T l LI B l L B I L B I LI B R I L l-
350 ATLAS Preliminary E
300 + —e— Data 2012 —f
250 S ¢ ST H-2Zy (m, =125 GeV, 0g,x20)]
200\ + -
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100 + 3
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+20

ATLAS Preliminary
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.................. w
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1600 ~e- Data H—2Zy
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1200 —
- D: 1o
1000 :— DI 25
800 — )
sooF- arXiv:1303.4571v2
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ttH

*Very challenging mode
+ Low rate
+ Complex final state
+ Enormous background

*Direct access to top Yukawa
coupling
*ttH(yy)
+ Run-l1 ATLAS: 5.3 (6.4) x SM
+ Run- CMS: 5.4 (5.3) x SM
o ttH(bb)
+ 7TeV ATLAS: 13.1 (10.5) x SM
+ Run-1CMS: 5.2 (4.1) x SM

e CMS combination of bb, yy, TT,

WW, 27
+ Run-1 CMS: 4.3 (1.8) x SM

ATLAS-CONF-2013-080

s Op71T 71T 1 1 T T 7
B - —— Observed CL limit H — yy ]
° 35 —— Expected CL, limit  {tH channels comb.
S 30b M+ 1c ATLAS preliminary -
£ i *20 Data 2012 \s =8 TeV ]
— 25— A —]
o °F [Ldt=2031 E
g :
[0)} - ]

15[ —
10f- =
R
0:1 e e el it et T St St A St i AUt S Sy S S S | 1:
120 122 124 126 128 130
my [GeV]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/ttHCombinationTWiki

95% CL limiton o/cyg,,

CMS Preliminary ~ bb,tt,yy,WW,zz le-7Tev L= 50
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B e ttH(125) injected
- 55 Expected + 16
65 ------ Expected + 2¢
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Higgs differential cross section

Differential cross section

atlas-conf-2013-072

@ The clear signal in H—yy allows the measurement of a
differential cross section

@ The analysis is done inclusively and dominated by ggF
@ Results are presented at the particle level

@ There is good agreement with the prediction P(x?)>0.3

; 1 .2 T LI | T T 1 I T LI | LI T I T LI | T T T I LI T ] 5 35: I | |

8 ATLAS Preliminary 4~ data syst. unc. 1 = | ATLAS Preliminary -4~ data syst. unc.

=< N 1 2 30 -

S 1 gg—H NLO+PS (Powes+Pv8) + XH  — (5 . Y 99-H NLO+PS (Powrea+Pv8) + XH

<& % gg—H+1j NLO+PS (MnLo HJ+PY8) + XH - 25: g;/;ﬁ 99—H+1j NLO+PS (MinLo HJ+PY8) + XH ]

S 0.38p --- XH = VBF + VH + fiH = =< XH = VBF + VH + {IH ]
T 7 ] ]

.8 3 H-yy, Vs=8TeV | 20 H-yy, (s=8TeV ]

[Lat=203m" : IL dt=203f" ]

..................

2 0= ©
= 7 f
s 2 8
i) 2 9t
e £
1
0 11 1 l | - — l L1 1 l 1 | l 1 11 l 1 11 l 1 1 1
0 20 40 60 80 100 120 140 0
Particle level p  [GeV] 0 1 2 >3

Particle level N,

Scalars 2013 Klaus Mt')nig - A LAO IEDUIL o 15 62




Za B)=30,

40':"2/)70)

w20

MSUGRA/CMSSM

A particular mSUGRA/CMSSM model point is specified by five
parameters:

the universal scalar mass mQ,
the universal gaugino mass m1/2,
the universal trilinear scalar coupling AO,

the ratio of the vacuum expectation values of the two Higgs fields
tanf3,

and the sign of the higgsino mass parameter L.
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SUSY Electroweak production
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DM associated production

q

Photonor
Gluon - X
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Direct dark matter searches

arXiv:1309.4017

The operators studied in these mono-jet and mono-photon searches assume equal couplings of the
dark matter particles to up-type and down-type quarks (C(u) = C(d)).

For W boson radiation there is interference between the diagrams in which the W boson is
radiated from the u-quark or the d-quark.

In the case of equal coupling, the interference is destructive and gives a small W boson emission
rate.

If, however, the up-type and down-type couplings have opposite signs (C (u) = —-C (d)) to give
constructive interference, the relative rates of gluon, photon, W or Z boson emission can change
dramatically, such that mono-W-boson production is the dominant process

> 3O
[0} H 4 ata
g 300 E[ Ldt=20.3fb Vs=8TeV Z(vv)+jet N
Z FATLAS Preliminary - ¥V/Z<e/uff)+let :
2 C miss op
§ 250 :—SR: ET™° > 350 GeV Diboson
[ C 7//, uncertainty
u X u w* 2005_ — D5(u=d) x100 ]
W 150E- — D5(u=-d) x1
100 / %77 -
% 7 /CX - RE 0
50— ]
— . X — :
+ d e, e
d w 0 60 70 80 90

%

100 110 120
Mgt [GeV]
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Direct dark matter searches

x-N cross-section [cm?]
o o o o o
S A A w w
BN \®) o oo (0)]
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N
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ATLAS 203" \s= 8 Te\

X/

spin dependent

I

T IIIIIII_

— —m— D9:0obs COUPP 2012 -
—90% CL —— SIMPLE 2011 EPICASS02012
B lceCube W'W' lceCube bb |
I P9 ATLAS 7TeV j(xx) O
1 10 102 10°
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Some cross-sections

c (nb)
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SUSY prospects

= 10° F l 1

Qo 0° k - gg, 14 TeV N

o 3 === gg, 8 TeV

10° ks —tt . bb,, 14 TeVs

o b --- “t'@*éB{B;, 8TeV ]

L7, 14TeV 3

1 .

107 E

102 | E

10° | ﬁ ~
200 1000 1500 2000

m [GeV]

e Significant increase in cross-section for SUSY particles as well

e Specially going to higher masses, where the improvement can

reach even 3 orders of magnitude o5



Fit model

1 bin in Z££ CR
VBF I

12 bins in signal region

1 bin in Top CR

1 bin in Zt¢ CR

15 bins in signal region
1 bin in Top CR

We run a simultaneous fit on all these (along with the bins from ThgThad and TiepTiep)
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Higgs to fermions (TT

Events /0.17

Events /0.1

ATLAS-CONF=2013-10%
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ThagThag VBF SR ATLAS Preliminary ]~ |Boosted w=12%s1%0¢| | P Consistent with SM nggS
[Ldt=20310" —¢- Data 1 |ver w=16792:08 - Tt E
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H—TT significant excess observed

ATLAS-CONF=2013-10%

= 10*

10

_I T T T | T T T T I T T T T I T T T T I T T T T | T T
E_‘_I'_"_ —e— Data 3
E I:] Background (u=1.4) E
------ Background (u=0)
— - H(125)-1t (u=1.4)
H(125)—-1t (u=1)
- Ho1tt
= ATLAS Preliminary
- [Lat-2031"
- \s=8TeV
= | | I | I 1 1 I | i | | l | 1 1 I | 1 1 | 1
3 2 - 0 1
log(S / B)

N L(MA&I‘ of eVen?s in /7/:9/7352‘

BD7 =score bin
LepLep LepHad HadHad

5.7x1.7

8.8+2.2

13.5+2.4

8.7+2.4

11.8+2.6

19

19

19

2.6x0.8

8.0+2.5

3.6+1.1

20.2+1.8

32+4

11.2x1.9

20

34

15

e ATLAS observes significant excess of data events in high S/B region

4+ Expected significance @ m=125 GeV : 3.20 (Probability: 6.6x10)
4+ Observed significance @ my=125 GeV : 4.10
*Probability that the observed excess is due to a background fluctuation: 2x107

e H—-TT (strong) evidence, observed by ATLAS
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s the excess compatible with a my=125 GeV Higgs boson?

contained to
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e Observed signal compatible
with mpy=125 GeV

o

60 80 100 120 140 160 180 200
mMMC [GeV]

73



DiTau mass reconstruction: MMC

_,‘_Q L I I L L L B
* MMC: Mass reconstruction of original TT system S | 1-prong T decay 1
> i 45<p <50 [GeV] |
despite the presence of undetectable neutrinos Soors- ATLAS  Simulation
<!E + Z—tt Simulation

+ Solve under-constrained system of kinematic
equations by selecting the most likely solution 0.01
given a parameterisation of 3D angle of tau visible

\, —— Probability function

| T T T T ‘ T T T T
| 1 ‘ 1 1

and invisible decay products 0.005
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e Correct peak position, reduced tails

* Resolution 14%-22% depending on channel and
category
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The role of the MMC mass in the analysis
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e \We made a decision to include the
MMC mass as an input variable to the
BDT and fit the BDT score distribution
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+ Take advantage of the MMC mass o '
correlations which differ for signal and 2 E
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backgrounds

+ Boost the analysis sensitivity to answer
the question wether the Higgs boson
recently discovered directly couples to T's
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