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® [he

HC at CE

® Highlights from

OUTLINE

SN

Run |

® [he discovery of the Higgs boson

® Searches for new heavy resonances

® Searches for

® Searches for
monojet, mono...)

® Perspective for

® Conclusions

Dark Matter in cascade (a.k.a. SUSY)

Dark Matter direct production (a.k.a.

Run |



THE LARGE HADRON COLLIDER
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THE LHOC EXPERIMENTS

Multipurpose |
(high- pT HI, b phyS|cs) S
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ATLAS&CMS PHYSICS GOAL

Search for the Higgs boson
Fully characterise EW symmetry breaking
Explore the TeV scale

Test SM with precision measurements (perturbative QCD,
parton density functions, ...)

Improve precision on SM parameters (e.g., masses of W, Z,
and top)






HIGGS BOSON PRODUCTION

® [here are mainly four production

. g
mechanisms

® gluon-gluon fusion (HgQ)

® vector-boson fusion (VBF) g

® N associlation with vector boson :

(VH) t t
. 10° & I — T 33
® top-top fusion (ttH) T (s=8TevV 1%
g L X 10l |
® \Vhile gg is dominant, all the T
mechanisms have been consideread g.l i 1
I =
® redundancy : -
-1} ]
e favourable S vs B for 10°E
problematic channels i
10° | 3
80 100 200 300 400 1000




HIGGS BOSON DECAY

® [he Higgs phenomenology is driven by the allowed decay modes

® Depending on the Higgs mass, this can result in a more or less rich set o
possibilities

1__I ] I I I I | I ] I I I I I I I | I I i_l_

e Particularly for mH ~ 130 GeV there % S a
are several possibilities (i.e., we T
ended up in a lucky spot) =107 2z 3

+
C
® [our leptons (the golden channel) %
8107 E
: L
® Diphoton
° WW L
® T T & bb: large background but 104/ AT T
needed to prove coupling to T Gy

fermions



BACKGROUND IS CHALLENGING

Feb 2014 CMS Preliminary
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




H-ZZ'"'->4/¢

Require 4£ (£L=e,p) isolated (not inside

a |et)

For bkg, this Is expensive to produce
(need W or Z)

For signal, there is a (smaller)
suppression due to Z—£L branching
ratio

This is a signal difficult to miss

If we did not know about the Higgs
boson, we would have found it In
this channel (but most likely with a
less-tuned analysis, i.e. we did not
have a discovery by now, w/o the
underlying model)
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® Data 2011+ 2012

[l SM Higgs Boson

m,=124.3 GeV (fit)

:_ [ ] Background Z, ZZ*
- [ Background Z+jets, ft
T %% Syst.Unc.

100 150

ATLAS

H—Z/Z*—4l
V's=7TeV |Ldt=46fb"
\s=8TeV |Ldt=207fb"

arXiv:1312.5353

PLB 726 (2013), 88-119






H-XYX

Select events with two photons

Classify events according to the
"‘goodness” of the photon
reconstruction (high purity vs. high
efficiency)

Perform di-photon invariant mass fit
In each category

signal hypothesis from signal MC g
bkg from analytic function (tested  ~
on MC and QCD data control
samples)

Combine the categories g,
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160 —————T————————— _
140 ATLAS Preliminary =
120 " + Data S/B Weighted e
- —— Sig+Bkg Fit (m =126.8 GeV) J
100 . Bkg (4th order polynomial) =
80— —
sOp- -
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H-o-WW' 527/ 2v

uuuuuuuuu : 189483, Event Number: 90659667




H-o-WW' 527/ 2v

: CMS 49" (7 TeV) + 19.4 fb (8 TeV)
Select events with 2£ (£=e,u) and e PO ARRARIE
missing transverse energy 150 - £ bvg acerany
(unobserved neutrinos should o :

balance observed £s)

)]
o
1 L

S/(S+B) weighted events / bi

[
+;

Open kinematic in the final state

Conservation of transverse 0o 100 150 200 250
momentum allows to guess the ‘ M- eV
iggs mass (with-worse resolution: ™ 'z o
S [ ATLAS fy=100% |
o 0_25} \s=8TeV J‘Ldt=20.7fb'1' :Jz=0: {
We can “see” a signal, but we ¢ . —pas
& -
cannot measure the resonance S 015
mass with good accuracy o
Or we can use Machine Learningto ™"}
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TRYING TO EXCLUDE A SIGNAL

® \When you don’t know if you have 8 ‘E o - i
a signal, you first try to exclude it g 1 //\ = oo 099 | oo
.CCD 102 .34_;,‘;} o
' - AR : S 10° \'f./\ / \ ;vs
e |f the signal is there, your limit will = | 7Y ]
1)) - 1
be poor (and worse than S, 10° E
expectation) O o6 ]
- ‘.“ z
11% 116 120 125 130 135 140 145
® |f it is much worse, you might My (GeV)
have discovered a signal... §‘° ATLAS o011 o010 Bin 3
‘g : \s =7 TeV: [Ldt = 4.6-4.8 fb" BES-L
® .. oryoumight have discovered I | ‘e-emevlisesesont —obered
that your analysis is terrible o
&
® these plots are not the right plots
to establish the presence of a o CLLimits -
! 110 150 200 300 400 500
signal m,, [GeV]
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ESTABLISHING A DISCOVERY

O Claim a diSCOvery, you 1CMS. | JE— I\s='7'TeV,L=|5’HIb’\§=lBITe>/L=|5l3!b"

O | 1 I I
need to exclude the g . ~— \\\ //7,_%(/ EX
possibility that your 8.0 =\ ij
background could mimic a - \/ =
signal 10

10°%

L

i
00

— Combined obs

To do so, you measure (with 1070 [ S o \

| — 5 =T TeV

— \s=8TeV Hoyy+H-2Z2Z . 4

toy experiments) the UG e ve WS W1 s
probability that a bkg-only m, (GeV)
sample gives a result as E

—_

ATLAS 2011 + 2012 Data
JLdt~46-48f \s=7TeV |Ldt~58-59f" 1s=8TeV 5
=== Expected Combined «-=-Expected H— ZZ* - Il Expected H — WW"* —» v

signal-like as what you see e Gkt - Sen AT omenon s o

r Expected H - vy Expected H —» ZZ* - livy --'%-om‘.tf-JH » WW* -l‘vq'.’;
on data  ExpacadH b0 - et N 22y Sttt
— Observed H — bb —— Observed H - ZZ* - liqq
101’ LA 2 N
. ' ' 10;
The signal is stringer than 1
) 107
the conventional 50 1"
10"
threshold so... e S 1.
100 200 300 400 500 600

17 my, [GeV]



ESTABLISHING A DISCOVERY




THE HIGGS BOSON MASS

£t aTLAs Combined (statsys) Ly fopmtmntiipetel D aen il pnn
N e _1a. s i —
- 't_s—TTeV [Ldt=46 4.8_1fb ﬁoi)nbmed (stat only) c "H — Yy + H 77 Combined
\s=8TeV det=2o.7 fb — 1 _— af e H—s
6 —— H->ZZ* > 4l < i b M,H{QQH tH), 1
5 o 8f u_ (VBF,VH) b i
5 | _ ]
- s E
FERPPSRRRU FS N WO £ S S S 20 8 .
M= AN = -
o 5F © =
B o0 o -
3 - §
B g 4:’ 9 ]
- - T -
o = 3t N =
- 9 - -
-~ 2F g =
e e Wi v B o - :
o - O .
IR SR AR SR i Ll A N 0:"""' ""' : S W
P21 122 123 124 125 126 127 128 129 124 126 128
my [GeV]
. (GeV)
ATLAS CMS (new ZZ(4l) not used)

125.5 +-0.2 (stat) **°  (syst) GeV 125.7 +- 0.3(stat) +- 0.3(syst) GeV
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THE HIGGS BOSON WIDTH

® [he Higgs width (~4 MeV) was
considered too small for the LHC to
measure it (expected precision ~ 5 GeV)

4/ 202v | Combined
Expected 95% CL limit, r 11.5 10.7 8.5
Observed 95% CL limit, r 6.6 6.4 4.2
Observed 95% CL limit, I'y( MeV) 27.4 26.6 17.4

® |t was pointed out how to exploit
interference effects with ZZ events

Caola & Melnikov
http://arxiv.org/abs/1307.4935

® [ imit obtained ~ 20 MeV (not there yet,
but not that far)
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CMS preliminary fs=8TeV,L=19.7fb"
> ' T TT | T 17T | ' T TT T TTT | T 17T | T TT | T T TT
QO C ’
O 70 -
m _ —
=7 L
&8 bl — 9g+VV— ZZ (SM) 7
% oy gg+VV—- Z2Z ("= 25><FSM, u=1) ]
T 5H =

e [0 1"r-‘|--|--r--|--p--:
0 600 700 800
m, (GeV)

CMS Preliminary fs=8TeV,L=19.7f"

7 o 225 422y
— Observed

..... Expected p=p__
SR Expected p=1
68% CL
95% CL
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http://arxiv.org/abs/1307.4935

HIGGS PROPERTIES

® Quantum numbers can be measured from angular

distribution of the H decay products

Normalised to unity

°

® Different channels probe different Higgs properties

0
N
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-l
4]
I

¥ | ¥ T T T T T I T

0_25; ATILAS

- H — Z2Z27 — 4l
\s =7 TeV |[Ldt—= 4.6 fb’
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COUPLING FIT

® Established coupling to fermions and vector bosons
® Couplings scale as expected in the SM

® Deviations are possible (within errors) but cannot be of O(1) w/o introducing
tension between different channels

ATLAS Prelim. *°<(§‘y§‘;2,c_) Total uncertainty
O\theor
m, = 125.5 GeV Y
ls=7TeV,L<5.1 1" Vs=8TeV, L=19.6 fb" " otheory) =10 =20
rorl G\ EEl 7
Combined CMS Preliminary m,, = 125.7 GeV H—=vy roa| Nl o
uw=0.80=+0.14 pSM =0.65 iVBF+VH — 124:82 ;82 ” \\ // o -
ggF+ttH _02|\[ ||10
+2.3 . . [ .
H— Dbb H—sZzz"—a4 [°| | =
w=115+0.62 - . +08 |, -
VBF+VH _ O.6+2'4
‘uggF+ttH -0.9 1—8:23
H — 1T +1.4
—+ * -0.9
w=1.10 = 0.41 H—=WW*— v 70
iVBF+VH — 181-19 ;g:
ggF+ttH 0 -02
H— vy '
—— +53
u=0.77+0.27 H—1t +1'O :\
LLLlVBF+VH =1 7+°° e \ :
H%WW " ggF+tH -12 ioc
*- )
u=0.68+0.20
Combined :
H — ZZ MVBF+VH _ +0.7 |~
u=0.92=+0.28 y ogret 14205 o
| | | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5 Vs =7 TeV [Ldt = 4.6-4.8 fb”
Best fit O/OSM 22 's =8 TeV [Ldt = 20.3 fo” MyeEve / MogFatth



COUPLING FIT

® Generalize couplings introducing multiplicative tfactors
® One channel can be function of more than one parameter

tt bb tb
Ktz-O'ggH+K2-0' o+ KKy - O

1<2(1< k) = b " gg ggH
g\"b> Bt = St O_bb N O_tb
ggH ggH ggH

e Simplified analysis assuming universal fermion (xf) and vector (kv)
deviations

23



COUPLING FIT

C
CMS Preliminary Vs=7TeV,L<51f" {s=8TeV,L<196 b’
i ¢ SMHiggs ® Fermiophobic [ Bkg. only
L _IIII|IIII|IIII|IIII|IIII|IIII|III
: ' ~ -
4 ATLAS Preliminary
- Ys=7TeV]Ldt=46-48f"
3 (s=8TeV/Ldt=2031"
- |
L |
2EH—)"CT' N - - - o
=
" H > viv
0_—|_I
-1
25
:IIII|IIIl|IIII|II'lllIIII|IIII|IIIIIIIII|IIII|IIlli
06 0.7 08 09 1 11 12 13 14 15 16
KV
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HIGGS AND NEW PHYSICS

The Higgs could give us
access to new particles in the
decay

These particles could be
invisible, and probed with W/Z
+invisible searches

Beside constraining the BR to
Invisible, these searches have
implication on DM models

Any conclusion, on the other
hand, is model dependente
(i.e., mind the assumptions)

-2AInL

6'_

4F

- CMS Unpublished

- L=18.9-19.7 b

[ (s =8TeV (VBF + ZH)

L Combination of VBF and ;' |.....Exp. for SM H
7 EZH, H — invisible

5FVs=7Tev(Z()Honly)
C L=4.9fb" ;

,-" — Observed

3F

2F

ATLAS
1s=7TeV, |Ldt=451b"
\s=8TeV, | Ldt=203 b
ZH = ¢ +inv.
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IntL (fb™)

5()7\\\\

THIS WAS FAST

7TeV.L=510"1s=8TeV.L=1971b

Run | marked the
first success of the
LHC program

the Higgs boson was
indeed found

Events / 3 GeV
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Discovery Lumi for 14 TeV collisions (where S/B is

more favorable)
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— 18=7 TeV, [Ldt=4 8fb"

— 15=8 TeV, [Ldt=5.91b"

¢

Data
Sig+Bkg Fit (m =12
Bkg (4th order polynomial)
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i'lillll1111111111111111111
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- . N
o ; =
[ - "
= : -
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Two things to keep
in mind

It arrived earlier than

expected

we knew what to

search for, and this
helped A LOT






MOTIVATION

Many models predict new resonances, coupling to fermions
and/or vector bosons

New gauge interactions
Extra dimensions
Compositeness

Analyses are generic (i.e., not tuned on a model) and quite
simple

select two objets

look for a bump Iin diobject mass spectrum

28



DILEPTON SEARCH

> 106 L T T T T 1 4 1 4 14 13 T 14 T 1 -
& 10° CMS Preliminary, 8 TeV, 20.6 fo”'
— ee —e— DATA
£ 10° YZ-p' W
= ] viz-p'n
g 10° 3t tw, ww, Wz, 2Z, 1t

102 [ 7] jets (data)
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10°

10-4 PO T I | 1 P | " M
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. . — s
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Events
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Z'— ee

.....
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-6 10°
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N 1 10 =
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:- A A ' 'S A A A l A A l ' l A l A A -:
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(Data-Fitjo,, .
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FROM JETS TO BOOSTED OBJECTS

. LOW BOOST
Jet substructure is now a common approach to

look for boosted objects reconstructed as
single jets

Several technigues implemented. But a cut on
the “right” jet mass Is still the strongest

ingredient for bkg rejection in NP searches (at HIGH
least for Ws and Zs) BOOST
The right mass comes L arassmuaion 1 £ amassmuaon
. ;0'16; anti-k, LCW jets, 600<p ' <800 GeV E ;0'16; C/ALCW jets, 600<p ' <800 GeV
from groomlng We are 20'14? -------------- Ungroomed Z— qq i 20'14? -------------- Ungroomed Z— qq E
still exploring <012 " rimeazeq | <012 e
) r 0.1 —— Trimmed Dijets 0.1" —— Filtered Dijets

possibilities . |

0.06] 061
This is the Run Il Jet 004 o
R&D Ot s T el 050~ 100 150 500" 2150L13-oo
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VALIDATION WITH DATA

BOOSTED tt RECONSTRUCTED AS ONE b-JET+ 1 LEPTON RECOILING
AGAINST ONE bJET AND ONE JET (THE W CANDIDATE)

PEAK IN THE JET MASS!: WE ARE SEEING BOOSTED WS

STUDY SUBSTRUCTURE VARIABLES DATA VS MO

MC GET SUBSTRUCTURE QUITE RIGHT (—5% SYSTEMATIC ON

PREDICTED EFFICIENLCY)

CMS Preliminary, 19.50" at (8=8TeV,W—uv 4 g0 corrrrrm e ropminary. 19.3 17 at {58 YoV, Wejets S 220 |
’-\500 LI B B AL R LR UL B ]rrr]l TT L E CARaSS 5 q) E ATLAS E
%, Single Top | g 700 p. > 200 GeV * Ot E]z“"" 4 O 200 =
0] . w Infe2.4 1 « - HEPTopTagger jets with R=1.5, default filtering ]
) B00f- 40 <m <130 Gev Ds""" Top ."““"""“""z 4 180 4 ]
L 400 I | 8 et det=4.7fb,\(§=7TeV .
' & Hata Bl .... ) b aald tt powheg - — — —
@ . 500f 1 = n .
§ ) 400 " me®nko MC Stat + Sys _i % 1 40 :_ —e— Data 2011 —:
300 1 € o . -
H - , 4 ®© 120 it —]
i 300 w@_::¢¢ . 5 & = . .
i 2005 f;"’ =" . . 3 =< 100F Wijets —
1T e - - .
200 = 100 “J‘ 1_\ \-—‘:! - 80 __ Z+jetS -
o< - ] C -
0 e e e ——— 0, ] 60 — . Single Top =
100 g 2 il -
3 'w15 v1_1~-~'—[{j 40: B
s — A = =
| 1H— & MTJLT(—.}I"—’ - 20 — _
P — : 1 L N e - N " 1;{—‘_'-'1 O - | | Y 1 1 1 | 1 :
40 50 60 70 80 90 100 110 120 130  O5F H
pruned jet mass (GeV) 01 02 03 04 05 06 07 08 08 1 0 >0 100 . 150
./t W candidate mass [GeV]
1
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A DOUBLE-TAG EVENT

CMS Experiment at LHC, CERN

Data recorded: Sat Sep 24 12:58:42 2011 EDT

Run/Event: 177074 / 1171400298
invariant mass = 1044.56

CMS Experiment at LHC, CERN

Data recorded: Sat Sep 24 12:58:42 2011 EDT

Run/Event: 177074 / 1171400298
invariant mass = 1044.56
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pt=226.18
eta=0.758
phi =-2.450
mass = 13.69

pt=272.23
eta = 0.536
phi=0.888
mass = 13.86

pt=164.72
eta=0.723
phi = 0.598
mass = 7.49

pt = 253.26
eta = 1.085
phi = -2.402
mass = 22.37




Z2Z/ZW/WW SEARCHES

® [echnigue applied
to jj (WW/WZ/Z2),

LV(WW/WZ) and

WZ/ZZ) final
states

® Background
determined with
shape fit (as HgQg)
or with albsolute
prediction from Jet
sideband

Data-Fit

dcs/dm (pb/TeV)

GData

High-purity

Lo ~<10° CMS, L = 19.7 fb',l's = 8 TeVv
o . Gyu (1.5TeV) — 2Z (< }.94E+07) (JHGEN+PYTHIA)
—r I Goun (1.5Tev) > ww (J11.52E+07) (JHUGEN+PYTHIA)
— | E—
pp 2.5 — — W’ (1.5 TeV) > WZ (< fi51E+04) PYJHIA
= = = Ggs (1.5 TeV) — ZZ (< f134E+05) HEQWIG++
> . Gps (1.5 TeV) > WW (Ji7.15E+04) HEIRWIG ++
= 2—
Ll B < Untagged data CA R
- ——— MADGRAPH+PYTHI -8
1.5 === HERWIG++ >
L 1
1 - A
0.5—
ol
(0]

: CMIS’ L=| 1.9'.7| f.b:1’. ‘IE =

STeV

A High-purity doubly W/Z-tagge

— Fit
- Gpg = WW (1.5 TeV)
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Z2ZZ/ZW/WW SEARCHES

® [echnique applied
to jj (WW/WZ/Z22),

jJCV(WW/WZ) and

it(WZ/ZZ) final
states

® Background
determined with
shape fit (as HgQg)
or with albsolute
prediction from jet
sideband

Events / 100 GeV

Events / 100 GeV

high-purity
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Events / 100 GeV

Events / 100 GeV

low-purity

CMS L=19.7f5" at (s =8 TeV

+ CMS Data (uv LP) .W+Jets
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Z2ZZ/ZW/WW SEARCHES

® [echnique applied

to jj (WW/WZ/Z72),
LV(WW/WZ) and

JYUWZ/ZZ) final
states

® Background
determined with
shape fit (as HgQg)
or with albsolute
prediction from |et
sideband

Events / GeV

Events / GeV

hlgh -purity

L 197fb at\E 8TeV
T ' | I_
‘ CMS Data (ptu HP)

10 3 Background estimation 3

[ Zjets
- Other Backgrounds (tf, VV)
S Gy Mo =1TeV, kM = 0.5 (x100)3
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10 3 Background estimation 3

[ Zjets
- Other Backgrounds (tf, VV)
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500 1000 1500 2000 2500
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Events / GeV

Events / GeV

low-purity
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— ZZ) [pb]

bulk

950, X BR(G

INTERPRETATION

L=19.7fb'at (s=

8 TeV

——

Frequentist CLS observed —
Frequentist CLS expected = 10 -
Frequentist CLS expected = 20
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THERE WAS NOTHING BEHIND

- this was somehow expected (e.g. EW
precision, flavour)
- Now we know It as a fact

m, ., [GeV]

800

700

600

500

400

300

Run | forced us to look for “new” paradigms

MSUGRA/CMSSM: tan(p) = 30, Ao =-2my, pu >0

Status: SUSY 2013

C L L I I LI v 1 I l LI | L l |l
—? X -
—LSP

ATLAS Preliminary -

Ldt s 20.1-20.7 5", 15 = 8 TeV

I ] ]

- = Expected
w— Observed
- = Expected
= Observed
- = Expected
= Observed
- = Expected
w— Qbserved
- - Expected
= Observed
- = Expected

1 ] 1 1 ]
95% CL limits.6>"SY not included.

I ] ] 1

theory
O-lepton, 2-6 jets
ATLAS-CONF-2013-047

O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b«&gts
ATLAS-CONF-2013.061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026

2-SS-leptons, 0 - = 3 b-jets
ATLAS-CONF.2013.007
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NATURAL SUSY

- Multijet final states
with many b quarks
(4t, 3t1b, 2t2b, 1t3b,
4b) from gluinos

- High-pT leptons from
W decays

- Same/opposite
charge lepton pairs,
with same or different
flavour

@

t

>< 1
H

=0

X

T by t— ty°

g — tby*

- Rather than focusing on one signature, we decided to design an

Inclusive search

- Rather than focusing on the tail of some kinematic distribution, we

decided to use a loose selection: more signal, but also more

background

40
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SEARCH FOR GLUINOS

Gluino is a model killer if Kinematically accessible \

-
-
-

large xsec
rich final states

Loose sensitivity if gluino (LSP) heavier than
~1300 (~600) GeV

——
-
- -

As long as this Iis not the case, squarks produced
iIn cascade are also largely excluded (limits
robust vs intermediate sguark masses)

Foi -1 _ ~ o~ ] ~ - 0 @4 production, §—= tiz, m(@) >> m(@), 18 = 8 TeV Lepton & Photon 2013
1400 CMS Preliminary, 19.3 fo”, {s=8TeV ;= g-g production, g—tty. PO ALl M R i L 3 b ) R A
> —>~N~9b5~0NLONLL Cl .n E '8_;‘ AN R N R ST R RN R g _ATLAS __L_._‘J-l;:;‘;",“,’_:)‘._.‘ L e
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0 .- Expected 1o _ _'3 % 800 - S —. e = SUS-13-007 1-lep (nje‘sa 6)19.3fb" _| 1000 [F'(.,:-_..l.‘;-‘u‘:; 3doptons, = 4 jets L n
9 T - experiment - % £ - Mogg29e0|2014 =—— SUS-13-016 2-lep (OS+b) 19.7 fb" | - Obsorved ATLAS-CONF-2012-|
o B - -1 n Expocion
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: O 600 —
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= 400~ —
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L M MR ||| L | 10-3 2 8" . : : b ‘ ||
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SEARCH FOR SQUARKS

Both inclusive and exclusive searches

LSP mass [GeV]

sbottom and stop excluded up to m~750 for large

mass splits

reduced sensitivity for heavy LSP or for split ~ Miop
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SEARCH FOR EWINOS

Search for Ewkino direct production more o
challenging X /

smaller xsec

o ' | - - \ o e Y

limited kinematic handles (particularly at small splits) P BT RN
P,

Use combination of several final states, including /
Higgs bosons (now that we know the mass)

ATLAS Preliminary 20.3-20.7 fb",1s=8 TeV  Status: Moriond 2014
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A FEW REMARKS

e Simplified models are very useful to design searches
® But they can be misleading if the results are generalised
® [ypically
® 100% BR is assumed for a given decay mode
® A string constrain with this assumption can vanish for generic BRs

® Two limits with 100% BR assumption can be contradicting and difficult to
combine

® [he cross section is computing assuming other sparticles are decoupled
(ignored many t-channel diagrams). This can underestimate/overestimate the
Cross section

® The SMS limits are ballpark right, but they cannot be taken literarily

® |n other words, we did not see any SUSY but the limits could be much more
relaxed than what Simplified Models imply
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INVISIBLE AND MONOJET

DM can be prOduced at the I—HC Wlth d Indirect search: WIMPs annihilation

similar process than scattering In > -

underground experiments SM X 2

But DM is invisible with our detectors, >@< =

so these events don’t even pass the o . 53

trigger | - '8
Hadron collider search >

We then exploit Initial State Radiation

to look for 2DM+|et production q

These events look like a jet recoiling W

against nothing

The main SM background (e.g., Z(nn)
+jets) can be studied with data (e.g.,
Z(mm)+jets) q X
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INVISIBLE AND MONOJET

et = 921.98
eta = -0.463
phi = 2.508

CMS. 1 Jet 0,

\\\\
MET 0, N
pt=91368
eta = 0.000 N

phi = -0.657
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SEARCH STRATEGY

Reject the QCD background by
Kinematic cuts (large missing Er,
arge jet pr)

Left with W/Z+]ets and tt
production

Measure the background in
control samples (1 lepton, 2
lepton, etc)

of T = 7
< . - Cl\ili _Ilf’:/eliminary O :;v—>w _i,
Use the MC to scale the observed £ = f“ %
data yield to the Olepton sample: o e
(1 —8)/8 103; R ) =0.9 TeV,
e Compare prediction to observation
1EL I | N=m Binl

200 300 400 500 600 700 800 900 1000
48 ET'S® [GeV]



MORE THAN MONOJET

More rare objects than a jet could be radiated (i.e., less background)

Depending on the object, one could be sensitive to different models

(e.g. DM coupling more to 3rd generation quarks, etc)
Monophoton

events

data/MC

% T 17T | ||||||| I_._IDlatla 2011|&/|§ |7|Te\/| ||||||| E
O 02 ATLAS O Z(-wv)+y -
~ 0 WiZsy =
) B W/Z+jet
S j'— dt=4.6fb I top, y-+jet, multi-et, diboson
> 10 - Total background =
L - _ADDNLOM =1.0TeV, n=2
1; ——
10 E
p 102 / LY _;
_ | ; _MonoZ/W
50— 0, 66“”2}'6“6;\"} ...................... o dam o I ——Data ]
- [ ]Z+jets = ]
o o eEm v M waiete |2 INEEEERRRRRRRRRRRSviimmel o b 1 1S ATLAS 20.3fb" Vs=8TeV -
awof Fr>880GeV | = :’fvﬂets 150 200 250 300 350 400 450 500 - Top .
- : miss H —
F 1btag T, vV Er[GeVl —top GR: E™ > 250 GeV Wielw/r)+jet -
- vetoe,u N | : [ Single To : /77, uncertainty 3
30__¥§§<§§§E_I_+—VectorDlw 5 v oorevs —
- W |l (m=700 GeV) J u ]
n + N SRRl - " qooE —
20 I — A R - -
N SRR N = | ] 80— -
e o /%%/)/ iy
s “OF % M / E
1B h 20% //
1= C
0.5 e 0=%60 80 100 120 140 160 200
% Mg, [GeV]
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INTERPRETATION

So far, result interpreted in terms of
EFT, integrating out some heavy

mediator

Ditferent kinds of mediator imply
different operators

This allows to project our results on the

same plane as the underground

experiment...

... butis an EF
< 1 TeV and co
reasonable?

ision energy 8 TeV

Work ongoing to adopt more specific
models (e.g. SUSY simplified Models)

()

with mediator masses

Name Initial state Type Operator
D1 qq scalar ]’% YXqq
1 - _
D5 qq vector T XY'xayug
D8 qq axial-vector MLi )Zy“yS )(Qyﬂys q
D9 qq tensor MLE X xqo g
DI11 g9 scalar ﬁ /\_/)(as(sz)z
C\E 10_36 % T TTT | T T T T T TTT E
= MS Prelimi S
G109 CMS Preliminary -
S 1058k -
S 10k
c{,)) 104
wn =
O 107
O =
c 10% =
O : -
Q 10-43 :E E:
8 10 ; a_
= = E
STl S Gv 0@t 2
E  Spin Independent, Vector Operator L E
10-46—| 1 Lol 1 Lol L [
1 10 10? °

—
N
o
o

—
o
o
o

800

600

Suppression scale M, [GeV]

400

200

0 120
M, [GeV/c?]

" ATLAS Preliminary
{s=8 TeV ILdt: 10.5fo"

Operator D5, SR3, 90%CL

— g2 Expected limit (+ 1+ 20, ) \ _
— Observed limit (+ 1o,,,,) R
— — Thermal rel ffective theory.
alid
e I 1 paa |
10 10°

WIMP mass m, [GeV]
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WHY GOING TO HIGHER ENERGY?

® (Going higher in energy we gain faster than integrating more data

Post/pre-dictions for stop exclusion reach

45 =
- extrapolations
4Tl o reference (ATLAS)
35 F ® ATLAS
m CMS
3 3T
|_
E o5 | 13 TeV
N - - -
8 o} gluino pair préduction _
S
o 15 F
8 TeV
1}
"7 Tev
05 E
0

M aal o aal o aal o aal o aal o aal
0.01 0.1 1 10 100 1000 10000
integrated lumi [fb'1]

reach for 2my [TeV]

Post/pre-dictions for gluino exclusion reach

- extrapolations

-| O reference (ATLAS)
® ATLAS

| ®m CMS

P | o P | o Y | o P | o P | o Y |
0.1 1 10 100 1000 10000 '
integrated lumi [fb'1]

Z' reach [TeV]

O reference (ATLAS)
7 | = extrapolations
m ATLAS/CDF
6 e cms/Do
13 TeV
5 | 74
4 Z’ produdction
3 /7 _A8TeV
5 //A; TeV
// (
1 L / e 1.96 TeV, pp
/.’
0 M sl o sl o aal o aal o aal aal
0.01 0.1 1 10 100 1000 10000

Post/pre-dictions for sequential Z' exclusion reach

integrated lumi [fb'1]

By G. Salam & A. Weiler (http://cern.ch/collider-reach/)

® As a thumb rule, increase energy by X is like increasing lumi by X2

® And there are things which could be just too heavy to be produce at

low energy
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PERSPECTIVES FOR 13 TEV
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Similar extrapolations from CMS
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PERSPECTIVES FOR 13 TEV

- Extrapolated with pessimistic (same systematics as now)
and optimistic (scale systematics with luminosity) models

- The true value should be in the middle
- 50 discovery reach shown
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50 discovery reach

®* Guino: up to 1.7TeV

¢ Sbottom: ~600 — 700 GeV
e EWK-ino: ~500 — 600 GeV

SIMILAR
EXTRAPOLATIONS
FROM ATLAS
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THE DIJET
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CONCLUSIONS

® The first LHC run was a big success, per se and in perspective

® \Ve achieved more than expected (e.q., early Higgs discovery)
despite the lower energy

® [he achievement is a consequence of progresses in
experimental technigues (e.g., jet tagging, kinematic variables,
pileup suppression, bandwidth extension with scouting and
delayed reprocessing...)

® \\Ve know what to do. Let’s start the accelerator again, and let’s
see what comes out
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