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Outline

* LHC results:

o Higgs
« Observation and initial measurements of
properties

o SUSY
34 generation searches
« HigQs

o Top
« Cross-section, mass, ttH

* Prospects for high luminosity upgrades
o Higgs properties
o SUSY searches



Higgs production
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Gluon fusion production dominates: 19.5pb @ 125 GeV
Vector boson fusion (VBF): 1.6 pb

Associated W/Z production useful for high QCD
background decay modes (H>bb): 0.7 pb / 0.39 pb

Associated production with top quarks: 0.13 pb
(important for coupling measurements)
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Higgs Decay

Multiple decay channels § '———&_ | —— 3
at 125GeV 5t
Dominant modes: g ” 8

T = — 7z E
o H3bb (m,<135GeV) @ m ]
o HWW (m, > 135 GeV) = ]

Low mass modes: 10°
o bb decay channel suffers 2,

from large QCD background m
WW: easy fo identfify in di- 103 A —— - . NS

| |
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lepton channel , but poor My [GeV]

resolution due to missing e Main search decgy modes:
neutrinos, soft lepton and
missing ET from W™ and no full
reconstruction

o Rare decay and production o| HOWW->lviv (21.5%)
processes become important o| WH>lvbb/t t (58%) Low resolution
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ol H>7 v:0.23% BR (one-loop process)
o| H>ZZ>4l (2.6%) High resolution




ATLAS Higgs =2 vy

« Search for a narrow peak in the di-photon mass spectrum

* Analysis performed in 10 categories based on S/B and
resolution

« | specific di-jet tag category for VBF
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CMS Higgs =2 vy

« 6(/TeV)and 7 (8 TeV) categories
o 1-2 di-jet VBF
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Events/5 GeV
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« Local significance 3.6 sigma
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ATLAS H>ZZ >4l

Clean signature, high mass resolution, and small backgrounds

Low cross section tfimes branching ratio: 2.2 (2.6) pb @ 7 (8) TeV:
o ~25 events
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Use angular information to separate signal from 77
background (MELA: Matrix Element Likelihood analysis)
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Higgs 2 WW =21vlv

Di-lepton analysis (0,1,2 jets)
Main backgrounds: WW, W/Z+jets, tt

g (HH>WW*>lv v ) ~220fb (~2300
events)
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Low mass resolution

o Two missing neutrinos

Broad excess of events in the
low mass region

CMSH—>WW Ys=7TeV,L=49" {s=8TeV,L=5.1fb"

—s=— QObserved

[ Expected (68%)

------ Expected (95%)

------ Expected for m =125 GeV

........

111 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

O | | 1 1 I 1 1 | | | 1 1 1 1 |
10 120 130 140 150 160
m,, (GeV)

ATLAS (CMS) Local significance at 125 GeV: 2.8 (1.6) sigma

9



Fermions
* H> 7 7z channel: « W/I+H, H>bb channel

o 4channels (e u MUt T n) o 5categories: Z(I)H, Z(v v )H, W(lv )H
o S5 event categories: O-jet, 1-jet o Medium and high boost
(low. high p;) and 2-jet VBF o BDT discriminant
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Combination (I)

ET T T T T T T T [ T T T T [ T T T T [ T T 7T | LI LA N B ; 1 CMS Vs=7TeV,L=511" {s=8TeV,L=5.3fb’
ATLAS 2011 - 2012 e Oobe S N fo
= \s=7TeV: [Ldt=4.6-481b" eee Exp. S LV 20
- {s=8TeV: ILdt=5.8—5.9 fb! RESE: Q 10°F \\ ///-/’J 130
—_— — N —
1 Bt - - - e LI LILIILIILILIILILLgTIIoTITIITITIITILIC Ooc 8 4 ._~ \\// |
O T T N T A e e 1o g 107 .., 4o
1 -~
102 insaes TR 20 — T, \/ =
102 B OOOOOOoEOERTR T ono0 | Y PR, 36 6l S N
107 10°F 50
] = 40 _— —
10° & . < 108 = -
o7 BT S N s [ Tt i 60
8 . [~ | =—— Combined obs. . N
18_9 N s 10710 —|---- Exp.f(larll'eSMoHs —
10710 “~, 6o | |——Vs=7TeV 3 ]
10 1 ~“‘ 1 O 12 ; f |V7| |8-r|e\/| I 1 T I T I I T T T T I I I I"T } IIIIIIII i—_ 70
Loy v by v v v by v vy by v v by l“n Lov v by 0 3 "
110 115 120 125 130 135 140 145 150 10 M5 120 126 130 135 14°G \}45
m, [GeV] my (GeV)

« Localsignificance of « Local significance of
6.00 (expected for SM 5.00 (expected for SM
Higgs signal: 4.9 o) Higgs signal: 5.8 0 )



Combination (II)

IATL'AS| 2014 - 20'12
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Combination (III)
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Combination (IV)

« Test compatibility with SM Higgs predictions

o Group couplings into two parameters C,, and C;

[Production Decay LO SM
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Next steps

After the discovery of a new Higgs-like particle at the LHC,
the major next step is to establish the nature of this
particle:

o Improve mass measurement

« Current precision: 0.4 GeV (stat), 0.4-0.5 GeV (syst) dominated by
Y ¥ and 4l channels

o Measurements of spin and CP quantum numbers
« Observationin y r strongly disfavors spin-1
o Precision measurements of couplings to fermions and vector bosons
« Sensitive to new physics contributions
o Continue to look for other particles and non-standard decays. Is there
a charged Higgs?
o Higgs self coupling

» Triple Higgs coupling as interference effect in the Higgs boson pair

production
15



Other resonances?

No evidence for another SM-like Higgs particle up to 500 GeV
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Spin/Parity

Use angular analysis to separate 0*/0-/2*
spin/parity hypotheses

o H-=2ZZ->4] (full reconstruction, good resolution, low
backgrounds)

o H>WWl vy

0*/0- separation at 1.6 o with current data
o Expect 30 separation with 30 fb! of data

Expect 50 separation of 0*/2* with 30 fo!
of data (generator level study)
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SUSY searches

« What stabilizes the Higgs mass (hierarchy problem)

« Dark matter

« Unification of gauge couplings

- 95% CL Lower

ts (Status: SUSY 2012)
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ATLAS and CMS have
excluded squarks and
gluinos up to 1 TeV
(depending on
models)

Natural SUSY requires a
ight 3@ generation
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*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Gluino-mediated
stops (high sensitivity if
gluino can be
produced)

Direct stop
production (low cross-
section, low S/B) g



Gluino mediated sto
sbottom searches

« 3-btag final state has the highest

sensitivity

 Limits on gluino mass ~1 TeV
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Direct stop searches

* Heavy stop (Mgn>Miep): top pair decays plus missing ET
Light stop (mMg,,<My,,): TOp-like decays via chargino (low p; leptons)

Exclusion up to ~500 GeV
o Expecttoreach m(s,,,)~650 GeV with 20 fbo'! at 8 TeV

tf, production: o b+ o W"’+;z0 (BR=1,m; <200 GeV); f, —>t+z° (BR=1, m_ > 200 GeV)

-/ | T T T T T T | T T 1T T T | T T 1T T T I | T T | T T T 1T T T |
> L | | .. Observed limits (-165YSY) t—b - Wy (m; <200 GeV) —
o) - ATLAS Prelimina theory % T, X, i
O 200 — i —— Observed limits (nominal) 2 'epm” (mx =106 GeV) —

= _ 180 j Ldt=4.7f" {s=7 TeV ---- Expected limits (nominal) mm 1/2-leptons + brjets (m., = 106 GeV) ]
2 _ Status: ICHEP 2012 All limits at 95% CL g V/2leptons + biets (m =2x ™ ) ]
S — ) T, 47, (m >200 GeV) _
160_— 7 - Olepton ]

~
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| ‘\6\* £ } o ~ ~ O _
— X N ]
120— R = tX —
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SUSY Higgs search

« MSSM requires two Higgs doubles = (h,H,A,H%)

 For high tan( 8 )>3, m, and either m,, or m, are degenerate
o SM-like h could have m<100 GeV while the observed new boson is H

200

' T ] T l m_ 60_' T T TT | T T TT I T T TT | T TTT | T T TT | T T TT | T T T | T TT I_
My [(,‘(ﬁ\r"- § - ATLAS Preliminary A
-\—r — 0 501_ MSSM combination ’,'__
300 | . i JLdt=4.7-4.8 fio™ 7
tan § = 3 — 7 I ]
tan 7 = 30 ------ 40l vs=7Tev =
200 | - - M >0 :
15 30 -
ol = o - ]
__]_{_./ h i ]
""""""" AR 20! . _
100 - e —— Observed CLs
s ==== Expected CLs -
10 > + 1o ]
+ 20 ]
. CLEP i
"‘. _l | | l | | I S I | s I | e I e T | I L | | ]
50 % . . . . - 100 150 200 250 300 350 400 450 500
o0 100 1-1(!7 200 300 ol
M 4 [G(‘\'] My [GeV]
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e Heaviest known

elementary particle
o Key role in the mechanism of

EWSB

o Window to new physics related
to EWSB

o Top anfi-top production is a \ N 4 ,/
background to many searches / &}/ATLAS

for new physics

o Top anfi-top resonances
predicted by non-SUSY new
physics models

« Very broad program of
top precision
measurements at LHC
and Tevatron

JA EXPERIMENT

RRRRRRR ber: 160958, Event Number: 9038972
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Top cross section at 7 TeV

o =177 £ 3 (stat) £ 7 (syst) £ 7 (lum) pb CMS Preliminary, \s=7 TeV
fand 15 May 2012
ATLAS Preliminary Ieory (appron. NLO)
form, =172.5 GeV CMS e/u+jets 164+ 3+12+7 pb
Data 2011 —— stat. uncertainty TOP-11-003 (L=0.8-1.1/fb) (val. £ stat.  syst. lumi)
—— total uncertainty
Channel & Lumi. 0,; +(stat) =(syst) =(lumi)
1 CMS ttjets 156 +12+33+3 pb
Single lepton  0.70 fb’ ——— 179+ 4+ 9+ 7pb TOP-11-004 (L=3.9/fb) (val 2 stat & syst. umt)
Dilepton 0.70fb" et 173+ 6 *1* *Spb
All hadronic 167+ 18«78+ 6 pb CMS dilepton (ee,uiu,ep) 162+ 2+ 5+4pb
1.02 fb-1 TOP-11-005 final (L=2.3/fb) (val. £ stat.+ syst.+ lumi.)
Combination _— 177+ 3 7%+ 7pb
: CMS dilepton (et,ur) 143+14+22+3 pb
arXiv:1203.6810 (L=2.2/fb) (val. £ stat.+ syst.+ lumi.)
New measurements :
T, + j€tS 1.67 fb” N 2001942+ 7pb CMS all-hadronic 136 + 20+ 40 + 8 pb
A TOP-11-007 (L=1.1/fb) (val.* stat.+ syst.+ lumi.)
Thag + lEpton  2.05 b _— 186+ 1320+ 7 pb
All hadronic : 16812 30+ 6pb G Approx. NNLO QGD, Kidonaks, Piye Rev.h 62 (2010) 114030 1o
1 2
4.7 jb | : | | | — ﬁtg%.cgmo QCD, Ahrens et al., JHEP 1009 (2010) 097
: | | |

50 100 150 200 250 300 350 o 50 100 150 200 250 300
o, [pb] o(th) (pb)
t o =165 * 2.2 (stat) * 10.6 (syst) * 7.8 (lum) pb
Measurements consistent . o .
Dominant uncertainties: jet energy scale, W+jet

With NNLO predictions background shape, ISR/FSR modeling, and b-tagging 23



Top mass

ATLAS m,,, summary - July 2012, L =35 pb™-4.7 fb” (*Preliminary)

ATLAS 2010, I+jets* . PS
CONF-2011-033, L, =35 pb”

169.3+4.0+4.9

ATLAS 2011, l+jets —_— 1745+ 06+ 2.3

Eur. Phys. J. C72 (2012) 2046, Lim =1.041b"

ATLAS 2011, all jets* —_———] 1749+21+ 3.8

CONF-2012-030, L, =205 b

ATLAS 2011, dilepton* ———t—i 175.0+ 16« 3.0

CONF-2012-082, L =471b"
+ (stat.) = (syst.)

Tevatron Average July 2011 HOH
173.2+ 0.6+ 0.8

ATLAS Preliminary

| | | | |
150 160 170 180 190
m,_[GeV]

top

Top mass combination:
« Tevatron:m;=173.2+0.6 (stat) £0.8 (syst) GeV |,
« LHC: m, = 173.3 £ 0.5 (stat) £ 1.3 (syst) GeV

Fundamental parameter of the Standard Model
Key role in precision EW analyses (loop corrections ~ (m,)?)

CMS Preliminary,\s=7 TeV

— =
CMS 2011 dilepton

PAS-TOP-11-016 (L=2.2 fb™)

173.3£1.2+25

(val. = stat. = syst.)

Dominant uncertainties due to jet energy scale, b-jet energy scale, and

modeling of initial and final state radiation

—a
CMS 2011 putjets 1726+04+1.3
PAS-TOP-11-015 (L=4.7 fb™) (val. = stat. £ syst.)
———
CMS 2010 I+jets 1731+ 21+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. = stat. = syst.)
L
CMS 2010 dilepton 1755+ 4.6+ 4.6
JHEP 07 (2011) (L=36 pb™) (val. = stat. £ syst.)
—(—
CMS combination 1726+04+1.2
uptolL=4.7fb" (val. = stat. = syst.)
| I I I
60 165 170 175 180 185
My, [GEV]
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Events

Data/MC

lepton + = 6 jets + 3 tags

ttH, H->bb

* Important channel to probe Higgs couplings
o Same coupling than ggH, but at tree level

o Multivariate analysis in different categories
(top decay mode, number of jets, number of b-tags

CMS Preliminary, Vs = 7 TeV, L = 5.0 fb’
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B T (343.7)
single t ( 9.5)

—4— Data (413)

T+ cT (11.7) I (T + bb (24.1)
tt+ W,Z (11.5) P EWK (4.3)
[Z4Sum MC (404.9) —— tTH120 ( 4.4x92)

2f

. g -
S L5
ot : : : - : : : -
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

ANN output

95% CL limit on o/og,,

Lepton+Jets and Dilepton CMS Preliminary, Vs =7 TeV, L = 5.0 fb’

16_._ ........................ , ........................ ,, ........................
~ —e— Observed
14— — S S —
~ ---- Expected = 10
o S N ——
- ---- Expected = 20
n
C 1 l 1 1 I 1 1 l 1 1 1 1 | L L l 1 1 1
10 115 120 125 130 135 140
m, (GeV)

2011 analysis not yet sensitive to SM Higgs signal
Expect to reach sensitivity with ~20fo!' @ 8 TeV
x5 cross section increase from 8 to 14 TeV
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Prospects

« LHC plans (LS1, LS2< LS3)

2009 LHC startup, Vs 900 GeV

2010 j i

2011 Vs=7 TeV (8 TeV?), L- 4x10¥cm3s", bunch spacing 50/25ns

2012 . ~20fb"

e ~ Go to design energy, nominal luminosity
2014
2015

2016 Vs=13~14 TeV, L=1x10*cm3s"'

~50fb

I ~300fb-"
~ HL-LHC Phase-2 upgrade, crab cavities?. IR

Vs=14 TeV, L=5x10*cm?s", luminosity levelling

~3000fb-"

2017
2018 ™= Injector and LHC Phase-1 upgrade to full design luminosity
2019 :
2020 Vs=14 TeV, L=2x10**cm3s"'

2021

2022
2023

20307

N




Measurements of Higgs
couplings

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)

CMS Projection : ) y : p y
Vs =14 TeV: [Ldi=800 b ; [Ldt=8000 fb™ Vs =14 TeV: [Ldt=300 b ; [Ldt=3000 fb

I I I I I I I I I I I | I I I I | I | I I

Expected uncertainties on 10fb"at 5=7and 8 TeV —
Higgs boson signal strength u 300" at fs= 14 Tev — Hoopy e I, /Ty i

300 fb™at 5= 14 TeV wio theory unc.  |—] st :

H-te r I/ Ty —
Hovyy % -+ : H—ZZ r./T, F
H-o>ZZ : H——H | Hosyy (+1) - r,/T,
H— WW : H——t | . —
Hoyy (+) g L /T,

Hott | H——H |
H-bb | } : { H—vy (+i) r r,/T, r

] | 1 ] ] 1 | ] | 1 ] 1 1 ] 1 | ! I I ! H_)YY l—‘g.l—’Z/l—‘H
0.0 0.5 1.0 1.5 2.0 %8 PP T S
0O 02 04 06 08 1 0O 02 04 06 08
. . . . . . . A(c*BR) AT /Ty)
High luminosity will enable higher precision and the study =252 T

of rare production and decay modes:
o tH, H=2> y y (1/2-lepton channels)
o H=>u u (low signal rate and S/B~0.2%) Expect signal significance of 6o @ 3000 fo-!

[",/T ;and '}/, constrain new physics contributions to H-> v ¥ and gg->H loops at
thé 5-20% level

[ ./T , sensitive to coupling relation between 29 and 3@ fermion generation 27



Higgs self-coupling

« Establish the Higgs mechanism as being responsible for the EWSB

« Probe the Higgs trlinear self-coupling through the measurement of
Higgs boson pair production

« HH->bb y v channel can provide first evidence (3 0 /experiment) of
double-Higgs boson production (expect ~12 signal events with
S/B~0.7. Main backgrounds are v y bb and ttH

* By adding more decay modes (HH>bb t ) and combining
experiments a ~30% measurement of the Higgs self-coupling may be
within reach at 3000fb-!
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Supersymmetry searches

Squark-gluino grid, m _ =0. \s=14TeV

;‘ 4000 L ; 3(I)00 Ifb'1 cliisccu)ver[y re.;lchI — g
8 B ‘. 300 fb' discovery reach | 7] —
‘—l'm F % === 3000 exclusion95% CL ||| _2b
£ 3500 ® - - - 300" exclusion95% CL | = 10
B = i
- “ — I -3
3000 *ve - 310
: Yugq Ny : __ -4
2500~ fe=y 310
2000 = =10°
- ATLAS Preliminary (simulation) -1 =
[ ] —
1 500 1 1 | [ 1 L 1 1 1 ] | [ ] L | _

6
2000 2500 3000 3500 4000 10

m, [GeV]
Searches for squark and gluinos with jets and missing ET

Increased integrated luminosity from 300fb-! to 3000fb-' improves the
sensitivity by ~500 GeV

High luminosity scenario will enable studies of properties 7



3rd generation SUSY searches

;‘ 1 000 | L I LI I LI I LI L I UL L I LI I LI I LI L I LI I:
8 900 ATLAS Preliminary (Simulation),\'s=14 TeV =
. mmm 3000 fb™ discovery reach ~ -0 _ . =
é* 800F- wan 3000 ™ exclusion 95% c.L. ™11 4 (mz; >> ;) 1-lepton () + jets 3
200 — 300 fb" discovery reach mly— b4 (M - m.. = 20 GeV): 2-lepton (ep) 3
] Tt (m_>>m) \s=7TeV, 470" I l _E
600 | . =
7~ - e -~ RITTTIN * ""':, -
500 o v «\)/“‘ll 1t "a' —:
BRI X ‘ =
W00E ST S e TN E
300} e =
200§ R =
100} s 2
0 1 1 I L1 1 1 I L1 11 l L1 1.1 I L1 1 1 I 11 1 1 I L1 1 l"A L1 :. l L1 1 l:

400 500 600 700 800 900 1000 1100 1200

m; [GeV]
- 3000t 'dataset significantly increases the stop discovery potential
and will enable measurements of stop properties, if it exists.

* Improvements expected using boosted jets, missing ET shape,
angular correlations, etc. 30



Summary

ATLAS and CMS have observed a new boson
o Initial measurements are compatible with a SM Higgs boson

o More data is needed to fully establish its nature

« Program underway to measure spin/parity and couplings to vector bosons and
fermions

Broad range of searches for new physics and top precision

measurements:
o No signs of new new physics yet

o New analyses with more data and improved techniques will increase/extend
discovery reach by the end of 2012

High luminosity LHC upgrade:

o Improve the precision on Higgs production cross section times branching ratio
by a factor od two or three, enable the H> u 1 decay mode, and provide
first evidence for the Higgs self-coupling by combing experiments and
channels

o Increase sensitivity to first and second generation squark and gluinos by
~500GeV, and stops by ~200GeV

« If evidence for new particles is found, the analysis of the 3000fb! dataset will
enable measurements of mass, spin, and couplings of SUSY particles
31
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