Exotic Charmonium- and Bottomonium-like states

Ys{2175) 217528 58=26 ¢f. ISR

X(3672) 3871.84£0.33 <0.95 Jhyrer, Sy B decay
X(3872) 38728 +0.7-06 3.9+286-18 DD?, Jhpw B decay
¥(3915) 391524 17210 Jhww T

Z(3940) 392925 29=10 DD T

X(3940) 394229 37=17 DD* Double-charm
Y(3940) 3942217 87234 Jhpw B decay
Y(4008) 4008 +82/49 226 +97/-80 Sy ISR

Z(4051) 4051 +24/-43 82 +51/-28 e B decay
X(4160) 4156229 139 +113/-85 D*D* Double-charm
2(4248)" 4248 +185/-45 177 +3200-72 et B decay
Y(4260) 4264212 83222 Jhpm ISR

X(4350) 4350 +4.7/-5.1 13 +18/-14 Jhws ¢

Y(4350) 4361213 74218 e ISR

Z(a430y 443325 45 +35/-18 Wi B decay
Y(4660) 4664212 48215 W ISR

Y.(10890) 10889.6£2.3 54.7 +8.9/-7.6 axT(nS) e'e’ annihilation
Z,(10810) 10608 4+2.0 15.642 5 (TinS)orh,)x T(5S) /Y, decay
Z,(10850) 10653.2+1.5 14.4332 {TinS}orhy)z, T(SS) /Y decay

Many new states (X,Y,Z) discovered at high-lumi e*e- B-factories
Detailed investigations ongoing to clarify the nature of these states
(more data needed for solid determination of spin, parity and decay modes)




Heavy Ions

» Experiments at the RHIC collider have established a “New State of Matter”

* The matter
- shows a hydro-dynamical behaviour (like a nearly ideal fluid)

- opaque to coloured partons,
- transparent to el.magnetic and weakly interacting particles

« The LHC experiments ALICE, ATLAS and CMS have impressively confirmed
the properties seen at RHIC in the first heavy ion runs in 2010/11;

Impressive results on “jet quenching” right after first collisions
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Flow Measurements:

Initial State

tx,Spatial Anisotropy
& 3«" {

Pressure Driven
Expansion

e

Final State
Momentum
Anisotropy

n

Flow coefficient v

PbPb, 30-40%

0.2
0. V2(ALICE,CMS,ATLAS)
0.1
¥
0.1 llll,l, i[. iv
++ ; +
0.05 .
K * +
i * arXiv:1202.3233
L 1 I 1 1 1 L I 1 1 1 1 I
10 15 20
p. (GeV/c)
T ~

d3N 1 d?N & .
i e 1 20, COS —Fp)]
By~ 27 pdpidy ( + "}:1 vpcos [n (@ R)J)

W, : angle of reaction plane
v, : known as elliptic flow

- LHC measurements confirm the hydro-
dynamical behaviour;

Vo (P1)LHe = Va2 (P1)RHIC

Low viscosity, nearly a perfect liquid

Measurements extended to high py

Flow measured for identified hadrons,
including D mesons
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Matter effects, jet quenching:

light
(color Induced
gluon
- radiation
gluon 50990 o
(color octet Radiative
energy
heavy quagk = loss
(slow, tnplet)  Xean

QQ (slow, _ o
singlet/octet) Dissociation
4

(ne el Control
(no color)

CMS/
7,

in-medium
___gluon radiation
CMS Experiment al LHC CERN

Data recorded: Sun Nbv 20 15.40:27 2014 CEST
RunvEvent 182124 /14862421
Lumi section_374

1 _dNu/dp; dN,/dp;
RaaloPr)=g—x dN, /dp;  Tpdo,,

2.5 T T , T T T ' T Ls T l T T T l T T T ] J
" CMS Prefiminary T ]

| POPD o =276 TeV B o ocorsy ] i

[ z <20 | \
I o-nx_[u.a-v-m ub” = " 1
2_ ¥ W 250Vt

e Inolated photon  |of<t 44 :

R
= =
g1

o=
LL

0.5}
- PbPb 0-10% Central

0”..1...1..1...1A.|
0 20 40 60 80 100

M, [GeV]

ALive, arav:1203.2160

- CMS, JHEP 1205 (2012) 063 -
5 1ﬂl ............................................... S AT —
o | O-E% pbapp ¢ ALICE D°. D, D" y|<0.5 -
0.8~ - Charged hadrons, n|<0.8 -]
6~ C @ CMS non-prompt J/y, |y|<2.4 -
aLice 0-6F E
0.4 ]
0.2
of
0 10 12 14 16 18

P, (GeV/c)

Expected behaviour seen (hadrons, jets,
photons, W and Z particles)
Heavy mesons/quarks are less suppressed



B physics

1.5lllllllllllll‘lo‘]lllIllllllllll
exchaded areahasCL:O.BS:

T %

1.0

IIlI|IIII

I

0.5
I= 0.0

-0.5

-1.0 K
Y ‘ sol;wfcos2$<0 :
Winter 12 ' (exel;at CL> 0.95) —
_1 '5 11 1 I L1 11 | | | | 11l | l | I I I Ll l_
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p

“Early hints of news from “Beyond the Standard Model” physics may come
from “beautiful” flavour physics
(P. Jenni, PLHC Summary DESY-2010)



Highlights from LHCb and other Flavour Experiments:

Lot of impressive results

HFAG-cham

1.5
z’

« Charm mixing has been well established
(combination of many experiments) 1

0.5

« Large CP violation effects emerge in
the charm system (lager than expected)

LHCb measures difference in CP asymmetry e
for D® 2> K*K-and D° - =*r-

Zero CP violation is excluded at the
3.50 level (LHCDb only)

Theoretical work needed and ongoing to
disentangle possible new physics effects
from SM hadronic effects.

02
-0.02 -0.015 -0.01 -0.005 0 UUDE UD'I 0.015 002

c‘l
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Precise measurement of CP phase ¢ :
LHCD result consistent with Standard Model

First significant direct measurement of
AT, =0.116 £ 0.018 £ 0.006 ps'

CP violation in B decays

HCb 1.0fb™ + CDF 96t '+ D@ 8fb™

- LHCD

ipombined

68% CL contours
(Alog £L =1.15) 1

1 I 11 1 I

T

T I T 7T
HFAG

Preliminary

=

L
o 02T I,',' T
| - DO,
2020
) -
~ C
4 o015
0.10 vl
0.05 - CDF
O B | |
-15 1.0 0.5

First evidence for direct CP violation in By > K=

Events/ ( 0.02 GeV/c?)

[Ldt =0.35fb~! — ~ 300 BY — K

400, —~ 400
350F LHCb — (B f)-ri8 =) § 350 LHCb -\ — gk
it § “ 1B ~f)+1e~s)| © 300 =
250F S8 250 B’
200 < 200 {
150F £ 150
100 fyy2as £ 100444,
50 4-..-..‘_\.:.\_ oo . m;—i-_:\ y
05—=%2 54 56 58 O5—=52 54 56 b8
K*t invariant mass (GeV/c?) K=+ invariant mass (GeV/c?)
LHCb:  Acp(B) — K7) = 0.27 + 0.08(stat) 4 0.02(syst)
CDF: Acp(BR — Km) = 0.39 + 0.15(stat) % 0.08(syst)

0.5 1.0

¢ [rad]
LHCD
\ ! )

@

1.5




Search for the decays B, 2 u'u- and B_ 2 u*w

The motivation: The data:

| 2011 data (5fb™")

Vs=7TeV 5CMS, 510" Ns=7TeV
> ! T > T T T
‘g Barrel g Endcap
S 4 — BY signal window S 4 B! signal window
E,‘ 1 B° signal window ") vt BY signal window
g3 é 3
3 5
© © . Part of 2011 data (2.4fb-")
%3-5:--- LA B L B L R -0
= ATLAS
- - L <1
T 1 1 8 3.. ©=7TeV mex
MSSM ]H " H H ﬁ 2‘5'_fm=2»4ﬂ7" - g.nfu'wuc 0%
b u* 5 52 54 56 58 5 52 54 56 58 - :
m,, [GeV] m,, [GeV]
LHCD 2011 data (1fb-1)
~ L I e B ) —f T T
S LHCb 3 LHCb
gs BDT>0.5 | gs BDT>0.5 _
< B-ouw'w | 3 B ou'w
< 7 <
c c
_ : & Z
S -1 an‘B ! 2 2
o= 0
5350 5400 5300
m,, (MeV/c?) m,,(MeV/c?) 5

B(B.'—pu*p) = 1.1%(3.2+0.2)%10
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5 s T

The limits: DS DSt
CDF 7 fb"

. PRL 107 (2011) 191801

4
CDF 10 fb™",

wwwcdf.fnal.goviphysics/newlbottom/120209.bmumu10f @
A

ATLAS 2.4 fb™

ATLAS-CONF-2012-010 A

CMS 4.9fb™ M __ NEW LHC
CMS PAS BPH-11-020 \

combination...
: LHCb 1 fb™ %
LHCb-PAPER-2012-007
SM Prediction —

(68%Clregion) |, . . . |
0 20 40

BF(B,—u'Ww)x 10° @ 95% CL
Bo—utw BO—utu”
,.,...,....,....'.v_31. - T T T
ATLAS+CMS+LHCb | °

I ' I |

o) o CMS+LHCb
06
0.4

0.2

7

5 7 8 9
B(BJ — u* w) [107] B(B® — u* ) [107]

B(B.l—uu) < (3.7 (4.2))x10° at 90(95) % C.L.
— Excess over background at ~2c level (1-CL, (p-value)=5%)
— Compatible with SM at 1o (1-CL,,,=84%)

B(B—uu) < (0.67 (0.81))x10° at 90(95) % C.L.
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My summary on B physics

Beautiful results are coming out !

LHCDb has taken a leading role in many areas, but Tevatron is still
nicely in the game

e*e- machines complementary (t decays)

LHCb appears as an “Anomaly terminator”

(95, BR (B = n ) approaching Standard Model prediction)
Some remaining “tensions”:

- large CP violation in charm - LHCb, Theory

-sin2p vs. BR (B =2 tv) - BELLE
- Asymmetry in semileptonic B decays from DO - CDF, DO

I.,ﬁ'.

G. Dissertori, Moriond
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V. Electroweak parameter

80_5 July2011l : : | : 80.5 Mﬂld\ZO‘lz : : T : T T
— LEP2 and Tevatron | [JLHC excluded
1 - LEP1 and SLD — LEP2 and Tevatron
1 -—-LEP1 and SLD

68% CL

68% CL

155 175 195
m, [GeV]

July 2011 today



W mass measu rements

The beglnnlng

Events per 2 GeV
g 8 &

[=)

(a) UA2
I
i
Lt
H
E’ I } .+ —
40 60 80 100 120
mr (GeV)

my,, =80.35+0.33+0.17 GeV

F-‘o‘r\. e;ch lvalue | o{ Mw genc.rw\-e | ]
°"‘/dP dee b u.sun‘s i
'parqme+nso.4non op P onm Qluch ol
{*yom HaLten et o.!.

\ |

M W';= 82.5 + .,s ,t 3 Qev/c. §

Lt

‘f 5ome rébuL‘l: {?mm Fn+ o g -dm"’
{'or- euen+§ u.n-H—\ ‘Pw( EGE,V/g :
M, (2. P Q- cosACp)) 3enerakd with |

8 o §25 GeV
AN rj
of | '-f'r]
alf | ]
Ly S ---—‘-r’r ‘”r"l‘_'l

(32| [ Mo || 481 | B | a4 || T2 o
;'M.r (C‘.eV)

D Fr0|devaux Blois 2012
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W mass measurements

The beginning State of the art, today

1.68 M events, electrons |n| < 1.05

\',
S
o
o
<]
=)

- -1 —Data
2 :(a) DO, 4.3 fb Y S
0 - m Background
o 30000 v2/dof = 37.4/49
(2]
= N
£ 20000
w -

200 10000
- T
: bty it
- 50 60 70 80 90 _ 100
0 m; (GeV)
mr (GeV)
My =80.35+0.33£0.17 GeV my = 80.371 £ 0.013 (stat.) GeV
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b % £ . s
stematic uncertainties:
Mass of the W Boson b

TS i M, [MeV] New CDF Result (2.2 fb™)
CDF-ON 80432 4 79 Transverse Mass Fit Uncertainties (MeV)
DI o 80478 + 83 electrons muons common
§ W statistics 19 16 0
DG-Il womw) —— 80402+ 43 -
; Lepton energy scale 10 7 5
CDF-ll 2w ".— 80387+ 19 Lepton resolution 4 1 0
DD-Il  @aw) — @ 80369 + 26 Recoil energy scale 5 5 5
Tevatron Run-0/I/II - 80387 + 16 Recoil energy resolution 7 7 7
LEP-2 + 80376 + 33 Selection bias 0 0 0
World Average - 80385+ 15 Lepton removal 3 2 2
g Backgrounds - 3 0
pT(W) model 3 3 3
! Parton dist. Functions 10 10 10
I QED rad. Corrections 4 4 4
80200 80400 80600 Total systematic 18 16 15
My [MeV] March 2012 Total 26 23

Can the LHC improve on this?
In principle yes, but probably not soon .and. not with 30 pileup events
- Very challenging (e-scale, hadronic recoil, p; (W),.. )
- However there is potential for reduction of uncertainties
- statistics

- statistically limited systematic uncertainties (marked in green above)
- pdfs, energy scale, ...., recoil(?) 54




Momentum Scale Calibration

- Span a large range of pt

- Flatness is a test of dE/dx modeling

Final scale error of 9x10°. Am,, =7 MeV

“Back bone” of CDF analysis is track p+ measurement in drift chamber (COT)

Perform alignment using cosmic ray data: ~50pum—~5um residual
Calibrate momentum scale using samples of dimuon resonances (J/y, Y, Z)

CDF Il profiminary fLov-:ﬂb"

;L App=(-1.185- 002, ) x 107

avents (75 WV

y*/dot » 48/ 38

CDF II f L dt ~2.2fb" 000} e —"
-0.001 ? a8 ‘.:.’_“ (GaV)
£ CDFII J’L dt = 2.2 fb™
a 10000 ’
> ® Data f‘
Q
— @ : -3
- ; Simulation | \ Ap/p =(-1.284 2 0.024__) X 10
2 / 1 ¥*/dof = 95 / 86
-0.0015 \.g\_ H
i —o— J/p-—pu data (stat. only) \b IL
5000 !
i ¥— Y —uu data (stat. only) ] L
i «~— Z—upn data (stat. only) f \
i —— combined A p/p (stat. @ syst.) for W—pv events j 1‘.‘
L L L I L L L l ' 1
-0.002, 0.2 0.4 | 0.6 v “'/ S
<1fp> (GeV™) 0 s — .

3.4
m,, (GeV
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Top quark mass

Mass of the Top Quark

July 2011 (™ preliminary)
CDF-| dilepton ® 167.4 £11.4 (+103+49)
D@-| dilepton - 168.4+12.8(+123+ 35)
CDF-|I dilepton -y 1706+ 3.8 (+22+3.1)
D@-Il dilepton o 1740+ 3.1 (- 184 25)
CDF-| lepton+jets =TT 764474 @sit83)
D@-l lepton+jets T 8014 5.3 391 38)
CDF-II lepton+tjets - 173.0+ 1.2 (2064 1.1)
D@-Il lepton+jets o 1748+ 15 (0812
CDF-| alljets ?86 0+11.5(+100+57)
CDF-ll alljets * —. 17264 2.1 (-1.4+15)
CDF-II track 166.94 9.5 (+9.0+29)
CDF-Il MET+Jets * -5 17234 2.6 (=18+18)
Tevatron combination * - 17324 0.9 (-06+08)
+0.5% Jiidof = 8.311 (65.5%)
| | l I
150 160 170 180 190 200
My, (GeV/C?)  arXiv:1107.5255

—— 174.5+0.6+2.3

w - ATLAS I+jets

- CMS prelim mu+jets -~ 172.64+0.57 +1.18

- ATLAS prelim allhad —=o=—174.9 + 21+ 3.8

-CMS dilepton 173.3 £+ 1.243%

[

150 160 170 180 190 200

without uncertainties due to
underlying event and colour reconnection

 Still dominated by the Tevatron experiments

* However, first competitive LHC results appear;
CMS measurement in (l-jet)-channel claims a precision of 1.2 GeV;

Uncertainties need to be analyzed / understood
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Di-boson production: Wy, WW, W/Z, ZZ

g E . ]
ke - W | -
10° [ ‘ Ll CMS 95%CL limit 7
© E | - Z : Q CMS measurement (stat@syst) 5
= — ' . e . ' —
© [ §=1J W+ W g : theory prediction 7
- T - .
c 107 =1) : =
O = 22 - ! . =
$ 10° ! >3] N . Zy | : | =
= . P ¢ S : : | —
7 N =2 3 —C— ? | =
8 o 24 T ; P WW | Vo
= 100 — L i : | ! =
O = ? 24); o WZ | =
c — -0 | : | v
S 1oL i | | - HA125) 1
-— = 1 - =
o = o b | : — s ZZ | 3
_g = E; >30GeV | E;>10GeV | Q ! LS
o 1 __ In* <24 AR(y,l) > 0.7 _ |
o e : | i — 3
- 3 ! 149 A At
10-1E 36 pb 36 pb ;4.9 for 1.1fb 4.7 fb —~
JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 hep-ex:1202.1907
JHEP01(2012)010 CMS-PAS-SMP-12-005 (WW)

All di-boson processes have been measured by both ATLAS and CMS
Good agreement with expected Standard Model cross sections
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—> Constraints on anomalous Triple Gauge Couplings

1O
A

Coupling Parameters Channel q v
WW~ Ay, DR~ WW, W~

WAV Az, Akz, Agét  WW, WZ

77~ hZ, h? Vo)

Zy hY, h) Z~ q v
777 f, f4, 77

ZyZ £l 20 z7

« Anomalous coupling modify production rates (cross sections) and kinematics
« So far, limits extracted from production cross sections
« Start to be competitive with limits from LEP and Tevatron (process dependent)

— , [PRL 108. 041804 (2012)]
95% CL limits from WW production UL L B I R B R P B R
— ATLAS (10215 A=3TeV) ATLAS . s [l e |
O ] ATLAS (1.02fb", A==) : \s=7 TeV, Ameo
A e e 1 CMS (36 pb™, A=~) -
A ki LEP f! — ;.;;',.:;ATLAS,J‘LdI=1.02Fo'
prommnnns foennnnes 1 CDF (3.6 b, A=2TeV) 50 ——
bemeereraeeadionneas 1 DO (1.1, A=2TeV) ; N8 7TeV, Am2TeV
[ T _LEP,JLdt=7pr"
beeeieed f e \'s« 130~200 GeV
} [T T ...... o 40 e
'z Fesid : &=: 00, [Ldl:!tb‘
pommen- Feemeen 1 — : — R —
omemen beemenias I : \s= 1.95 TeV, A= 1.2 TeV
-------------------------------------- iz -
5 pemmd 5
Ag, i bt 4 §
Pessaccncan bescesaasnnsans | e
_____ z | 95%C.L . 1 fb1?
L1 I L - | L1 1 | 11 1 [ | I | 1 : 1 | 11 1 [ | - f40 —:—
-0'6 .0'2 0.6 1 1 l 11 1 1 | s 1 i L1 1 | ! 1 | J § I ——
-1.5 -1 -0.5 0 0.5 1 1-2
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Some numerology:

Frequently mentioned numbers at this conference ?

125

95

3 10

99



Where is the Higgs boson ?
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The Higgs boson has been searched for in both experiments, ATLAS and CMS,
in a large mass range and in many channels

Example: Some ATLAS search channels

> 800 T T T T T >
3 ook, ATLAS —oma 13
T 600t B MCm=130Gev, 1xsMY  ©
g 5005 [[] Total background (Fi) 3 2
E i ©
@ 400: @
300
2005
1005-ij=49&> 3
GEAAlIlAAlIlAA ...d-.....l....l....z
110 120 130 140 150 160
(a) m,, [GeV]
> mf"'I""I""I'"'I""I'"'I""I""I""I"'t >
8 18§—ATLASJLdz=4.8m" 1 &
g 16 - oa ie
P 1;_ Il me30cey, xsM 5
§ 10;_ E]Tmalback.grwnd _; §
w gk HozzZUsa 4 W
6F E
ar l E
oF 13
wl 1 1 P
0™450 " "250 350 450 550

Data are largely consistent with the expectations from Standard Model

background processes ...

use statistical methods to quantify this statement

—

N

-
(=]

N T I T T T LI T i
L ATLAS j L—asf’ HoZZ -4l ]
- —— Data B
- [ m,=130 GeV, 1xSM

8f -
- [_] Total background
6
at }
2
0: Pl PR Y e ...l...l...l...l..:
120 140 160 180 200 220 240
my, [GeV]
(b)
60T
c ATLAS —— Data ]
SOE_J’Lm=2.05ﬁ:" [ m~130Gev, 1xSM_E
40F [[] Total background
3of Howw Siviv
2t m 3
10;— oo —;
G: sl oo la s baa s laaalaaslay M:-
60 100 140 180 220
d m; [GeV]
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Compatibility with the background-only hypothesis

o EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0
o g . .
= - ATLAS 2011 Preliminary 2
8 1g 2
- '::::.—-..___?:\7‘. """ Q
I = :
8 102F \/\/ v 3
-
2L 5 136
10 J 10°F " E
30 ‘ . Is=7Tev g N
qOBL - Global signiicance [— Conbinedos. |
= . 10%E 0.86 in range 110-600 GeV +wes Exp, for SM Higgs
- © Obs.Comb. (ESS) y R F 2.1 inrange 110-145 GeV .. Conb. ensemble {4y
107 opem gphn g ok Lo
r — s. Comb. — S. 0 —vyy — s. H— E Lo — B
5 r --Exp.H—4 - - Exp.H—=WW -- Exp.H—1 3 CMS Prehmmary’ \s=7TeV —:-*zyml[‘aiz;
10°E —obs.H—4 —Obs.H—Ikv — Obs. H—1t P L=46-48fb" —Ha2Z (471
:IIIIIIIIIIIIIIIIIIIIIIIIIIII“IIIIIIII‘I"II 10.6'_‘ L — T L
110 115 120 125 130 135 140 145 150 1m0 15 120 125 130 135 140 145
Higgs boson mass (GeV)
my [GeV]
Comments: % Tevatron Runll Preliminary
z SM Higgs, L_ <10.0 fbo!
2
- ATLAS: low p,value around 126 GeV s
driven by yy and ZZ channels g

- CMS: yy channel is dominant

- WW - Iv |v contributes little in both
experiments

10306910720 130" 140150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/c?)
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95% CL Limit on o/og,,

—_
o

—

10"

Exclusion limits on Higgs boson cross sections

ATLAS Preliminary

— Obs.
---- Exp.
E+io
[J+20

" 2011 Data
f Ldt=4.6-4.9 fo"
\s=7TeV

ICLs Limlits

100

200

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1
300 400 500 600

m, [GeV]

95% CL limit on 0/(5SM

95% CL Limit/SM
=

L

10} CMS Preliminary | —=— Observed
L Ns=7TeV £555 Expected (68%)
L L=46-48f" = |a Expected (95%)|
1 -
10-1'1 L1 NN NSRRI SR IETIT] R NN RRR R
100 ) 200 300 400 500
Higgs boson mass (GeV)
Tevatron Run Il Preliminary, L < 10,0 fb™
e ' v Expocied ! ! ! ATLASICMS
. _i - “W__’*, — :‘ —— —=
g Observed Exclusion:
100 <m, < 106 GeV
147 <m, <179 GeV

Fobraary 2012

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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Fitted signal strength

N\,
%2.5;— ATLAS Preliminary = 2011 Data —
B o — det=4.6—4.9fb -
21-5;— Vs=7TeV E
| =
oF E
1E E
-1'55_ | | | l | | | | | _i
310 115 120 125 130 135 140 145 150
m, [GeV]
= 2 S1 G Preiminary e ]
© L (5 =7 TeV | I 68% CL band | -
L 200 _4648m E
4= N 1
g 1.5F B
o s 1 Hobb
1.0F i
; ; Hortt
0.5 -
. H-yy
0.0F .
N ] - WW
-0.5} -
1 H-=22

- I I | - I j I - I | - l | - I I - l - -
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~&- Single channel
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L=46-481"

-1-05 0 05

1
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comparison
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My personal comments:

It is impressive to see what Higgs boson mass range the LHC experiments
were able to explore after just two years of running !!

Many beloved plots (blue-band, m, vs. m,) have drastically changed
But: the Higgs boson has not yet been discovered !
[ For many many theorists it seems obvious that my = 125 GeV ]

Due to m,, = 125 the fate of the universe now seems to depend critically on the top
mass and 1 GeV can make an enourmous difference

bewae | H. Murayama, Blois 12

180 s

175 =

Top mass M, in GeV

170 -

Pole top mass M, in GeV

165 > A A " il A
115 120

Higgs mass M, in GeV




Picked up for you in the parallel sessions:

still early... lets not get carried away
J. Galla

A. Martin

66



My personal comments (part Il, more positive):

The two experiments have sensitivity to exclude the existence of the SM Higgs
boson over the entire mass range [114 — 600 GeV]

But they don’'t! .... and leave the same mass window open !

There are interesting events in both experiments in the high resolution
vy and ZZ* channels;

but the significances are low (in particular after correcting for the famous
“look-elsewhere effect”) e

D
%’) 100 e data M DY CMS,\s = 7 TeV
m,=130 t L=4.6fb'
The WW channel does not seem to cc § W B W2rzZ o-jet
experiment o Wjets |
But: - this is a challenging channel & .
- this channel is not made for 12 § 50
well NgF<e ﬁ--‘*"‘ﬁ# iy
o fry
More data and careful analyses are Nhe T&I -
T
tt and bb decay modes will come into obe=/—— L —= el 2%,
0 50 100 150

(challenging as well) Ag, [degree]
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The story in short: / |

Searches for

Physics Beyond the Standard Model

PARTICLES

—

\ \:
\ \‘3
‘ P, /
||
|
SUPERSYMMETRIC
"'SHADOW" PARTICLES

>3

Many searches, many papers,
even more exclusion plots 95

Nothing found ...
.... and frustration increased

There are not even the “Zoo” events that appeared at any collider so far
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Some exclusion plots show at this conference
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.... a few selected ones

MSUGRA interpretation
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limits from 3" generation squarks first limits on stop quarks from the LHC
(gluon mediated sbottom production)
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Events

Events

a few more selected ones (Exotics)
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What are the main messages ?

« “Low energy SUSY” in its minimal version with E{™'ss signatures is

in trouble
- squark and gluino limits for sparticles of first two generations at TeV scale

Limits do not hold for third generation squarks, in particular the light stop
window is not yet closed
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What are the main messages ?

“Low energy SUSY” in its minimal version with E;™ss signatures is
in trouble
- squark and gluino limits for sparticles of first two generations at TeV scale

Limits do not hold for third generation squarks, in particular the light stop
window is not yet closed

There might be more complicated realizations of SUSY
(R-parity violation, long-lived sparticles,...multileptons, ...)

Gotp sMMSSM INMSS M NNMSSW s s adt o L e agrin it o Uy, , NNNNNNNNNN
We had an excellent talk on such “escape roads” by Csaba Csaki yesterday...

and | am confident that Gian Giudice will come up with further ideas to keep
the experimentalists’ motivation for the search for BSM physics high

- The experimentalists program: we will continue to study as many final state
topologies as precisely as possible and confront the data to the predictions

of the model that seem to survive all attacks (even those from LHCD)
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2012/13 are exiting years for particle physics:

« Final word on the existence of the Standard Model Higgs boson ?

« There might be surprises in searches
(more data, slightly higher energy, not yet looked in all corners ...)

« LHCDb will challenge the Standard Model at the precision frontier

» ALICE will measure more parameters of the Quark-Gluon-Plasma
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Vancouver, BC N

THANKS to the Organizers of the Conference for the fantastic meeting !

... and to all Speakers for presenting such a wealth of interesting and
exiting results !
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