ICHEP

Melbourne

36th International Conference
on High Energy Physics

4 - 11 July 2012 e

Melbourne Convention &
. ﬂ IEH!




: .".-, .:! Fl"u-'" ot
..... | A L

e G

36th International Conference
on High Energy Physics

4 - 11 July 2012 A0 Ll bl
Melbourne !

= 700 participants from >40 countries

7
Ny - & S

L
il b

£

N .
b ) \
X, -
’



";lf

ICHEP2012 o

Melbourne

o
.
/
/
4 Parallel session convenors \
s \
/ \
! Session Convenors \
1. The Standard Model and EW Symmetry Breaking- Higgs Searches Sara Diglio i
- Toyoko Orimoto { S
£ Albert De Roeck !
< Marumi Kado !
Eric James :
Pietro Slavich 1
- 2. Beyond the Standard Model - SUSY Joanne Hewitt |
» 3 days of parallel sessions: e |
y p - Frederic Ronga ]
3. BSM - non- SUSY, Exotics Kenji Hamano |
~ ~ Shahram Rahatiou ]
$ d 1 5 t Christophe Grojean !
g ro u pe l n o p l cs 4. Top Quark Physics FPamela Ferrari 1
Roberto Chierici i
Stefano Frixione !
5. B Physics Jure Zupan ]
Phillip Urgquijo 1
Timothy Gershon ]
» 6. QCD, Jets, Parton Distributions Voica Radescu }
[www.ichep2012.com.au/ Acress v |
7. CP Violation, CKM, Rare Decays, Meson Spectroscopy Chrisoph Schwanda 1
Valerie Gibson i
P r O g r am ] & Neutrinos Jelena Maricic !
Kevin McFarland '
9. Heawy lon Collisions Raimond Snellings :
Carlos Salgado p
10. Lattice QCD Ross Young :
o Ry Johnathon Flynn :
g = 11. Particle Astrophysics and Cosmology Pat Scott 0 ”
> 3 d Jodi Cooley 1
dys Of planary taiks sacon Kumas A
12. Formal Theary Developments Gary Shiu %
Emilian Dudas -
< 13. Detectors and Computing for HEP Ted Tiehui Liu ~
& Su Dong ;
E Sunanda Bannerjee
Kenneth Bloom
14 Future Accelerators Mark Boland
15. Education and Outreach Steven Goldfarb
David Barney




ighlight

THE h

L

n
)
(o)}
4o
-
Q
-—
Q
o




3 THE highlight

Press Office ----— e

' CERN experiments observe particle consistent with 04.07.2012

long-sought Higgs boson

Geneva, 4 July 2012. At a seminar held at CERN? today as a curtain raiser to the year’s major particle
physics conference, ICHEP2012 in Melbourne, the ATLAS and CMS experiments presented their latest
preliminary results in the search for the long sought Higgs particle. Both experiments observe a new
particle in the mass region around 125-126 GeV.

http://www.atlas.ch/news/2012/latest-results-from-higgs-search.html

\\ http://cms.web.cern.ch/news/observation-new-particle-mass-125-gev

QATLAS H- 4
[ H>YY ok

candidate candidate
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 base line: QCD leage lattice: information

—indispensable input for hadron

1 ; from first principles
- machines (the ‘discovery’ machines)

HERA
Tevatron
Rhic

LHC




ICHEP topic

base line: QCD
. 2indispensable input for hadron |
. machines (the ‘discovery” machines)

lattice: information
from first principles

HERA . flavour-physics :
Tevatron - CPV |
Rhic o )

EW: symmetry
breaking, higgs, ...

e N B-physics : unitarityé
- DM&DE: (in)direct .~ triangle & NP '
searches & cosmology e

e @ HIC : the quest for
' neutrino: numbers ~ the QGP
- & masses e ’

BSM: SUSY, new = new technologies &
physics, exotics facilities
o _ = communicating science



pQCD
-- the baseline --

determination of parton
distribution fucntions

expansion in
strong coupling oL

<«—__ calculation of hard
scattering matrix elements



[Marco Stratmann]
QCD - Why do we still care (perhaps more than ever)

production rates at hadron colliders
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Higgs and QCD

+ Despite EW role a QCD problem

g 7600660060

A S HD

g 090090

+ Search strategies require good
understanding of QCD issues

+ boosted jets and substructure

+ jet vetoes and resummation
techniques

[John Campbell]

Challenging perturbative
expansion, NNLO required

Anastasiou, Melnikov, Petriello
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+ Much study: “Handbook of LHC Higgs cross sections”

Dittmaier, Mariotti, Passarino, Tanaka

Perturbative QCD: Status - John Campbell, Fermilab |[CHEP 3



[John Campbell/Dmitry Bandurin]

Parton distribution functions AN

4+ Parton content of the proton:
life-blood of hadron collider physics

PROTON

PROTON =

+ Systematic exploration of proton structure at NNLO

 —
| zozzn.
=
=)
(]
Z3
D
=

Atlas and CM2

Atlac and CM3 rapidity plateau
DO CentralsPwd. Jets

CDF /D0 Central Jets




parton splitting functions P; [Marco Stratmann]
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reaching for precision
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parton splitting functions P; [Marco Stratmann]

(@ NNLO: a landmark calculation

10000 diagrams, 10° integrals, 10 man years, and several CPU years later:
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emerging standard in QCD - essential for precision physics



[John Campbell]
Parton distribution functions AN —

PROTON -

parton *
4+ Parton content of the proton:

life-blood of hadron collider physics parton o
PROTON & (=
+ Systematic exploration of proton structure at NNLO
+ New this year: ABM11 Alekhin, Blumlein, Moch
+ fit to DIS and fixed-target Drell-Yan data u=m,
+ improved treatment of heavy %
quarks in DIS, running 151 Ab(nE=5x) (%)
MS mass

Alekhin, Moch

b-quark pdf uncertainty
4+ much-reduced in ABM11

+ impact on many LHC I
cross sections, e.g.
single top, charged Higgs 207 r




[John Campbell]

Higgs production at 125 GeV

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
+ Model testing requires assessment of theoretical uncertainties
4+ uncenrtainties from scale variation and PDF+strong coupling

o (8 TeV) uncertainty

oy | gg—=H [19.5p0]| 14.7%

VBF 1.56pb| 2.9%

cale
DF+os

Nioaw | WH  [070p0| 3.9%

ZH 0.39pb| 5.1%

NLO QCD ttH 0.13pb | 14.4%

Perturbative QCD: Status - John Campbell, Fermilab |[CHEP 30




cross sections @LHC
~ lel(-”flaﬂ) Xzfz(l‘z-;#) 5'(%1-;%2-;#)

— PDFs have on average > 1.3 citation per LHC paper (estimated based on

study of G. Salam, La Thuile 2012)
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[Sasha Glazow]

= LHC x-range well covered by
HERA data

= QCD: evolution

= strange distribution:
constraints from neutrino data
(SIDIS, LHC)

= gluon distribution: from
evolution +
constraints from jet prod.
F, from HERA



PDF sets

[Sasha

Glazow]

P
I \|
MSTWO8 CTEQ6.6/CTI10 : NNPDF2.1/2.3 : HERAPDF1.0/1.5 ABKMO09/ABMI11 GJIRO0§/TR09
Evolution LO LO 1 LO I — — —
Order NLO NLO : NLO : NLO NLO NLO
NNLO NNLO(prel) | NNLO I NNLO NNLO NNLO
HF Scheme RT-GMVF ACOT-GMVF : FONLL-GMVF : RT-GMVF (*) BMSN-FFNS FFNS
ag NLO 0.120 0.118(f) : 0.1191(b) I 0.1176(f) 0.118 0.1135
ag NNLO 0.1171 0.118(f) I 0.1174(b) : 0.1176(1) 0.1135 0.1124
HERA DIS not up-to-date + : + 1 +/prelim. partial +
Fixed target DIS + + I - : - - +
DY + + I + I - + +
Tevatron W.Z some some : some : - some some
Tevatron jets some + 1 - I - some some
LHC - ; | W, Z+jets (N\NPDF2.3) ! . . .
' [
! |
\
~

NNPDFs

[Ball et.al.]

free from uncertainty due to
underlaying parametrisation




[Sasha Glazow]

PDF sets: just one example

HERA
H1 and ZEUS HERA I+II 10 parameter PDF Fit legacy
1

= | HERAPDFL.5 O = 10 Gev* =
- = (o -
0.8 - HERAPDF1.5 (prel.)
i - £Xp. uncert.
& |:| model uncert.

N xu,
- parameirizafnon nncert.

0.6 )

0.4

HERAPDF Structure Function Working Group

1072 107! 1



Fractional Uncertai

PDF sets: typical uncertainties

u+d quarks

CTEQ 6.6
Q=100 GeVic

1 Ll 1 1 Ll I L1l 1 1 Ll il | Ll 1 L I 1
0ot 02 03 04 05 06 07 038

x = p(parton) / p(proton)

[Sasha Glazow]



Fractional Uncertainty

[Sasha Glazow]

PDF sets: typical uncertainties
& cross section estimates

NNLO gg—H at the LHC (s = 7 TeV)

1 T 1 | T —_ 13—

5 O p 7
0.8 . - _ _“5 0% C.L.

- u+d quarks L: 1.2 - —— ABKM09
0.6 g ﬁ ﬂgngPDFm

- D .
04 0] gluon 2 7. o

; (=] ) i/ T T T 7 v, 7 > i
0.2 E 2 Z Z _;:é Zor ”%g — -

- 1 . - =
02} 2 os R R N
o4l CTEQES g PIEFTEESERRNNNNY

- Q=100 GeVic o 08— _
JPG__ L L I 1 1 1 I L 1 11 I 1 11 1 I L1 L | 11 1 L I L : E

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.

_III|III|III|III|III|III|III|III|III|III
0fo0 120 140 160 180 200 220 240 260 280 300

x = p(parton) / p(proton) M, (GeV)

typically 10% uncertainty due to
choice of PDF set



[John Campbell/Dmitry Bandurin]

pQCD: jets

+ Refining “well-known” calculations, e.g. NLO QCD

z Z
m ERWIGH
parton
Z+2 jet NLO Shower PYTHIAS
SHERPA



[John Campbell/Dmitry Bandurin]

pQCD: jets

+ Refining “well-known” calculations, e.g. NLO QCD

z Z
m ERWIG:
parton
Z+2 jet NLO shower PYTHIAS
SHERPA

« Jet results: Precision measurement of fundamental observables.
=> sensitivity to PDF sets, strongest constraint on gluon PDF, extraction of «s
and test of its running up to 400 GeV, detailed studies of the effect of different jet

algorithms, study of jet substructure, limits on many NP models.

« Z/W results: extensive tests of pQCD and MC models; in most cases, a triumph of
NLO and ME-PS MC predictions.



with these tools in hands...



[L.Dixon]

“Typical” hadron collider event

nonperturbative . parton shower (PYTHIA,
i RS T, HERWIG, SHERPA)
f.-gmr?-.fﬂ}'ﬂﬂn . o ";" / ?",.’f‘i" -- now maintains matrix
g ":.ﬁ ® h..":f..:__""i "'#’..,;- 1 element accuracy:
S wilg® = LT ".;:_ . ¢~»ALPGEN, SHERPA;
See talk by B0, A EE U I NV MC@NLO, POWHEG

J. Campbell
for review of
perturbative .

.
QCD status
; ’ ﬁ“ffﬁaa;—E—"‘ T hard QCD matrix

underlying eventfrom |, PRy, [ IACAEO M
secondary parton interactions | <-e° "N"f Sk i‘;je, o3 |EEMEN'S ( )

w7 5 = T

e ‘L st fr ) -.‘;-
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_,'.' e ﬂ F. Krauss

L. Dixon MNew Directions in Scattering Theory ICHEP Melbourme 2012 July 11 3
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CMS .

= Lists reconstructed
particles
= e,M,Yy, charged and

neutral hadrons

* Used like "generated
particles”

* Building blocks for jets, charged
taus, missing Ey, isolation  hadrons

 PU partlcle identification

Pl GSF Track

Extfapulated
- track tangents

July 9% 2012 ICHEP CMS Higgs  J. Incandela for the CMS COLLABORATION

= Sophisticated algorithms
= Examples: e/y and hadronict




standard candles @LHC

Foundations for searches - measurements of W, Z, diboson and top prod":
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standard candles @LHC
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PLB701(2011)535
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standard candles @LHC

Foundations for searches - measurements of W, Z, diboson and top prod":

8105 . | ~ ATLAS Prefiminary | ()
= [ 3spbt : . a s
2 FETF —— LHC pp {3 = 7 TeV A CMS
© F Tam =T s

e T

- 2 F w

10° = - s| | <22 CMS 95%CL limit ]

- B 10 = : Z | © CMS measurement (stat@syst) =

i o E EE“ : — theory prediction E

107 é— 1.9 fo! Rt o 5!11 ' i -

0= -
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1Iggs search @LHC
» low mass region is left for the higgs:
by 2011: w 1 I I T T I I I ] E
Decay my, range (GeV) % ‘---..._W W f §
H—yy 110-150 (*) S —— 13
H—-ZZ(*) -4l 110-600 (*) £ | §
H—ZZ —liqq 200-280-600 o 10" tt |
H—ZZ —livw 200-300-600 = :
H—WW(*)—Iviv 110-200-300-600 ’
H—WW—lvaq 300-600 |
Hotr—ll, In, 7,7, 110-150 )
VH—Ivbb, llbb, vwwbb  110-130 10 E
» Low mass region is very rich but -
also very challenging: i
main decay modes (bb, TT) are hard 1 0-3 l | | ! L
to identify in the huge background 100 200 300 500 1000

M, [GeV]

= Very good mass resolution
(1%):| H>vyy|and H>ZZ-> 4l




higgs search @LHC

=

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval

S/B Weighted Mass Distribution

™ ﬂﬂf"l I TAICESDD INIDOrrTIMmArIimd

%-‘2000 :_ CMS Preliminary —&— S/B Weighted Data
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Z1200F W
E'l 000 h*:':«_k
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higgs search @LHC
H—ZZ(*) =4l (1= e,): the golden channel

| = L ol N N ™l ‘ol H | 1 (|

» A great performing channel in the whole mass range ...
= Clean signature: narrow peak, low background
= Background: irreducible ZZ(*); reducible Z+jets, ttbar, WZ

= But extremely demanding
= Requires highest possible efficiencies (lepton Reco/ID/Isolation).

LENLIL L I LI 'I L] |"| |'| LI 'I LI I LI I ) I LINLILEL l LELELIL A
0 ATLAS Preliminary 2011 + 2012 Data y
0? {8=7TeV: |Ldt=4.64.8 " A
10 {5 =8TeV: JLdt = 5.6-5.9 " -
o T S 0c
15 s e 1o
S 0 Rl N 26
T Ll e e e e 30
i0*gr o
10° | 4o
10 /-
10-? 55
10%

i ol oiow i v e vwwl i N Ll 1 Ll
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m,, [GeV]



higgs search @LHC
H—2Z2Z(*) =4l (I=e,1): the golden channel

I ™MiricTy ey i ne

» A great performing channel in the whole mass range ...
= Clean signature: narrow peak, low background
Background: irreducible ZZ(*); reducible Z+jets, ttbar, WZ
= But extremely demanding
Requires highest possible efficiencies (lepton Reco/ID/lIsolation).
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3 1 02 —— Ohs. 'EE =T Tel/: det = 4 6-4.8 I‘b': *@ ) é ‘ra =7 TeV: }L’dt =48 fb-1 + Best fit é
10 -—Exp. S=8TeV: JLdt=5859 1 o 4 Ve-8TeV: [Ldt=585.01b" : :" H“s"’")*:: E
11 ety § 3.5:_ Moy e, T - nl{umﬂ]-: _:
LN - Y A i 35_ — HzZ" - E
10’2 —_— =) - =
= v - % -
102 2.5E (O
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w0y TR 1 25 E
108 “E ! s
107 LS E
10° 0.5E . =
T R RS X T —— - o .
O S S T Y 0920 M2z 124 126 128
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higgs search @LHC

‘ Evolution of the excess with time

ﬂ IIII|IIII|IIII|IIIIIIIII|IIII|IIII|I1II I\(:
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107k cERN Seminar 1272011 .
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------ Expected )
10 E .................................. . S L? 50
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channels



higgs search @LHC
All togeth cms

A
T ST
LT T T T T T T T T T 1 @
s ATLAS Preliminary i =
WZH—-bb ; =
Ya=7ToV: Lot = 2627 & ; O
H— 1t : = 10° ~=7 -
Ya=7TeV: IL&;{QTI:” *— g 104E \\ // E
H— WW' - lvlv i - ELN
Ya=7TaV: JLot= 47 1" T - 10°k -”h""" \:/ 3
f:aqu}rLdt CET 1 —.— 10-5 - H"*._ =5a
Y& =7 Tav: Ld:.-uu:‘ ‘ 10—? C . ]
HozZ" S m : 8 , .
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Combined ; 1g'of —How CMS Preliminary
=074 fun=sn 5ot ‘e =123 F| o \s=7TeV.L=511" 3
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Signal strength (w) Higgs boson mass (GeV)
Combined search sees excess with Combination Expected (6) Observed (o)
. vy + ZZ—4l 4.7 5.0
local significance of 5.00 E i W =2 =1

at m,;=126.5 GeV All 5.9 49




[Joe Incandela for CMS]

higgs search @LHC

Conclusion

| If"l'f'\"\lﬁl |

We have observed a new boson
with a mass of
125.3 £ 0.4 (stat) + 0.5 (syst)
at significance level of 5 o



higgs SearCh @LHC [Joe Incandela for CMS]

BVl a1 ral

We have observed a new boson
with a mass of
125.3 + 0.4 (stat) = 0.5 (syst)
at significance level of 5 o

3. As next step, need fo know:

[Ricardo Barbieri]

= Its quantum numbers: J©'“ = 07, gauge q.n.s

= The strength of its interactions
with all other particles and with itself

= Is it alone or accompanied?
= Is it “elementary” or “composite”?

= Is it “natural”?



[Alex Pomarol]

is it a higgs ?

Disclaimer: We have gotten more
data on EWSB in one single day than
in more than 40 years
= Not enough time to digest it!



[Alex Pomarol]

What makes the Higgs special?

Not just about finding the
the condensate responsible
for giving masses




[Alex Pomarol]

What makes the Higgs special? % |

Not just about finding the
the condensate responsible
for giving masses

Without a Higgs, the states Wi, Zi spoil the nice
calculability power of gauge theories

M
WL /7 ) WL
L
a) x —

“1, v .
Wt 1w, —

Unitarity is lost at high-energies

WL

A
IR
o= L=

b) wvwvw @ Loops are not finite!

- -
LA ™
L4 v,

WL
Do not allow for precision calculations



[Alex Pomarol]

Without a Higgs...

Energy

TeV




[Alex Pomarol]

Without a Higgs...

With the Higgs calculability is recovered:

M
W, We W, W
> L. h S §
b0 t MELT B
e U J
g WL WL W ™ “lw, B )
T Vs
h
NVY RN
A VAVAVC I VA Finite results!
ff‘ur\ \J\E\ \ {'/‘Un.vf\"rhh
TeV
Mw '
Back to the prediction era!




[Alex Pomarol]

Without a Higgs... With a Higgs

(100 GeV <mh<170 GeV)

Energy

TeV
Mw




Although consistent, we think (and hope) [Alex Pomarol]
the SM is not the full story

10 GeV
(Me)
Not understandable
> the origin of such a
o0 small EW scale
g as compared to the
w Planck scale
Possibilities that theorists envisage
to tackle this problem:
Mw

|) Keep the Higgs elementary, but protect it by
symmetries: Supersymmetry
2) The Higgs is not elementary: Composite Higgs

Pseudo-Goldstone
bosons (PGB)

w Both imply changes in the Higgs sector




[Alex Pomarol]

Higgs mass range

SM (valid up to Me)

Susy must be “badly” broken!
MSSM ] = The MSSM is becoming unnatural

L (>99% parameter space excluded)

Composite Higgs I

50 100 150 200




What the Higgs couplings

tells us?

I
m, = 125 GeV

CMS Preliminary

H— bk {VH tag)

H — bb (tiH tag)

H — 1 (071 jet)
H— <t (VBF tag)

H <t (VH tag)

H — vy (untagged)
H— yv (VBF tag)
H— WW (0/1 jet)
H— WW (VEF tag)
H— WW (VH tag)

H—sZZ|
-6

\s=7TeV,L=5.11fb"
Vs=8TeV,L=53fb"

-2Ini(u)<1 Intervals

[Alex Pomarol]

2011 - 2012 Data

| | | | |
ATLAS Preliminary

W.ZH—bb

Ve =7 TeW: [Lot= 4647 "

H—1t

GeTTeV [l =47 8"
"

H—WW " — lviv

ves7TeV: [Lot =47 1"

H— y}r

ve=aTev: Lt=50m"'

i':-rT:'»r.J'LT_J-mt"

H—=Z2 — |l

ve=aTev [la=581u"

Vi =7 eV [l =48 '

Combined

5 =& ToV: [Ldt=58-58m"
o m ¥ Tav [ldimdfi-dnm”

_ 103
'._ w=12 .,
I I 1 |

2 4 B
Best fit GIUSM

10 1
Signal strength (u)

Not significant deviations from a SM Higgs

(The more natural the Higgs sector is,
the more we expect
deviations from the SM Higgs couplings)



EWSB' [Alex Pomarol]

A new era has begun ...

"Sit down before fact as a little child,
be prepared to give up every preconceived notion,
follow humbly wherever and to whatever abysses nature leads,
or you shall learn nothing"

Thomas Henry Huxley



Reactor 7. (D-Chooz. Daya-Bay, Reno)

- At the intensity frontier:

Large mixing angle

6,; around 9°

neutrimos are massive

—
k.

and There 1s Physics Beyond SM



[JunCao]

|The New Minimal Standard Model |

Neutrino Mixing

v T V'3 F:
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[ JunCao]

|The New Minimal Standard Model |

Neutrino Mixing

¢ Sensitive to

Am?

atm

L4

2
2
A msu |
1

\ V MNormal hierarchy
vr
e’ 0 0
U | 0 €7 0
AR \ 0O 0 1 )
; \
Atmospheric : Reactor : Solar Ovpp
Accelerator 1 Accelerator Reactor
\ /



[Takashi Kobayashi]

(Accelerator-based)
Long baseline neutrino experiments

—

ly Ay Y S
« Exhibit first violation of standard “SM”: Non-zero mass
« Surprisingly large mixing unlike quarks
¢ Yetunknowns & puzzles (>40yrs behind quark)
+ Flavor mixing

+ Standard 3 x 3 PMNS mixing picture is correct?

«+ All three flavors participate mixing? (843?)
+ Why so different from quark mixing?
+ CPisviolated?




more results from MINOS ( v—u disappearance) & OPERA ( v—t appearance)

Number of events

(R

Reconstructed v en

—— RUNI-3 data
(3.010x10°"POT)

I Osc. v, CC
v, +v, CC

I v.+v.CC

I NC

(MC w/ sin"20,,=0.1)

11 candidate events are observed
Nexp=3.22+0.43 for sin22813=0

The probability (p-value) to observe 11 or
more events with 6813=01is 0.08% (3.20)

Evidence of v. appearance

— open a possibility to

|I|!E: l l canalaate events

v, appearance

measure CP violation in

lepton sector



[JunCao]

Precision Measurement at Reactors

Krasnoyarsk, Russia

e KASKA, Japan
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Diablo CanyonUSA

8 proposals, most in 2003

 Fundmental parameter

« Gateway to v-CPV and Mass Hierachy measurements
+ Less expensive




[JunCao]

Precision Measurement at Reactors
April 8, 2012:
sin220,,=0.113+0.013(Stat)+0.019(Syst),

8 results on Jun.4, 2012, < u 4. 90 for non-zero 6,

5in?26,,=0.109:0.030(Stat)+0.025(Syst), SEu

oy
BT o §
[t e s
Y _'*
7~
4

3.1c0 for non-zero 6,,
DTADT0 CAnyon; UpA

. Jun.4, 2012, with 139 day data |
Anara sin’20,,=0.089+0.010(stat)+0.005(syst) |
: 7.7 6 for non-zero 0, |

8 proposals, most in 2003

 Fundmental parameter

« Gateway to v-CPV and Mass Hierachy measurements
 Less expensive




[JunCao]

Precision Measurement at Reactors
April 8, 2012:

| sin%26,,=0.113+0.013(Stat)+0.019(Syst),

: resu]ts on Jun. 4 2012,

g B 4. 90 for non-zero 0,
Sin?20,,=0.109:0.030(Stat):0. ozS(Syst) %

3.1c0 for non-zero 6,,

. Jun.4, 2012, with 139 day data .'
rerael 5in”26,,=0.089+0.010(stat)+0.005(syst) |
| 7.7 ¢ for non-zero 0, |

Daya Bay experiment discovered the new oscillation
and proved 05 is quite large.

= We can measure the MH and CPYV in our lifetime!




Concha Gonzalez-Garcia

e Why are neutrinos so light?

The Origin of Neutrino Mass

e Why are lepton mixing so different from quark’s?

The Flavour Puzzle



e Why are neutrinos so light?

The Origin of Neutrino Mass

e = = ra

Number of Models

Survey of 63 ~ mass models 1n 2006
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Concha Gonzalez-Garcia

e Why are neutrinos so light?

The Origin of Neutrino Mass

Survey of 63  mass models 1 2006
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Concha Gonzalez-Garcia

e Why are neutrinos so light?

The Origin of Neutrino Mass

Survey of 63  mass models 1 2006
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v masses are BSM physics effects to be put together with all other NP effects:
from charged LFV, Collider signals, Cosmo-astroparticle. .. to establish
the Next Standard Model



new physics

» Large Hadron Collider program well underway towards
precision physics with W and Z bosons

= Stable ground for new physics searches
= SM physics offers spin-offs into discoveries




[Joao Gulimaraes]

Z forward-backward asymmet
at Hadron Colliders

m
—
m
"
~
-
o
>
<
m
ol
A
~
4]
w
~
—
-
w

neutral bosons, LED)

IIlllIIIIIIIIIIII

¢L0C dHHOI -

& saeIewWInNe ovof -




[Joao Gulimaraes]

Z forward-backward asymmet

at Hadron Colliders

Phys. Rev. D 84, 012007 (2011) CMS PAS EWK-11-004
g1 = 0.6 ey - ;

S o 1 , 0.5[-CMS Preliminary 1Yl=1-1.25

I DRNSIE i » H 04F 47 M at (5=7Tev *_‘: %
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05 |- i » L o2f - t S

i . <LL 0.1 '!l-i]- 5
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- Statistical uncertainty 2F g

Total uncertalmy 03 '
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Unfolded AFB agrees well with theoretical predictions

3 savrewrinc oeo[ -

No evidence for new physics at high-mass



[Joao Gulimaraes]

Effective Weak Mixing Angle

«—— Average 0.23153+* 0.00016

Ap' 0.23099 + 0.00053
A(P) 0.23159 + 0.00041

A, (SLD) 0.23098 + 0.00026 :
Most precise
measurement from

' Z to light-quark coupling

SINSAY HeaMoId3]g

A° o 0.23221+ 0.00029
Ap —— 0.23220 + 0.00081

s o ——e—— 0.2324 + 0.0012 Statistical uncertainty
still dominant

¢L0T d4HOI -~

A, (DQ), 5.0 f5' ——e—— 0.2309 + 0.0010
1 & 1 1 ] . :
0.228 0.23 0.232 0.234 0.236 0.238" Dominant systematic
uncertainty
PDF uncertainty
(0.00048)

. 2 g
sin 9eﬂ

& saerewrine ovof --

0.2309 = 0.0008 (stat) = 0.0006 (syst)




[Joao Gulimaraes]

e " Weak mixing angle: scale dependence
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74% Dark Energy
Tt Wa'_ﬁ to
Beat Malaria

Bran Cuvf.vul
with Light

What Sclence
Geots Wrong

Mow to Bulld
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[Lauren Hsu]

The Dark Matter Problem

» What we know:
SR [t's stable, cold,
4 P L gravitationally

.' WS ;'ﬁ—r‘avs emiied by. - vl PR interacting, non-
, - shbcked, colliding gas - e i :

gt s S baryonic, interacts little
with itself (or not at all),
composes ~85% of
matter in the Universe...

The B;Jlleft Clul’s:r._ef’-

But:
o A B No particle in the
BT A SR Standard Model fits |
'gr'a\.fi‘raﬂonal.Iengi{\g e’
B o Very weakly

interacting GeV-TeV
particles do..




How to detect WIMPs

[Neal Weiliner]
Our ideas of what dark matter is gives us

iIdeas on how to find It



How to detect WIMPs

[Neal Weiliner]
Our ideas of what dark matter is gives us

ideas on how to find it

« Unlike the Higgs DM has been discovered many times
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[Lauren Hsu]

How to detect WIMPs

B el S

X man-made COLLIDER
Relic production
annihilation in
the cosmos Relic WIMP-
INDIRECT nucleon
DETECTION elastic
scattering
g DIRECT
< DETECTION




[Lauren Hsu]

direct searches:

Ex pecTed signal: WIMP Differential Event Rate

My = 100 GeV/c?
a-N = 1074 em?
Xe

* nuclear recoil (from elastic
scattering of WIMPs)

» featureless exponential

* rates «0.1 events /kg/day

Challenges:

» low energy thresholds (<10 keV)
» mitigation of natural radioactive _
background (by factors >107) 1|

: 0 50 100
long exposures, underground Recoil [keV]

Counts [#1 0'6/kg/keV/day]
o

operation



direct searches:

Expected signal:

* nuclear recoil (from elastic
scattering of WIMPs)

» featureless exponential

* rates «0.1 events /kg/day

Challenges:

» low energy thresholds (<10 keV)
» mitigation of natural radioactive
background (by factors >107)

» long exposures, underground
operation

[Lauren Hsu]

WIMP Differential Event Rate

Counts [#1 0'6/kg/keV/day]
o

Strangeness and Dark Matter

¢ Significant uncertainty coming from nucleon “sigma” terms

Oq = mq<N|§Q|N>

My = 100 GeV/c?
ae-N = 1074 em? |
Xe

50 100
Recolil [keV]

[James Zanotti]



[Lauren Hsu]

direct searches:

Spin- Independent Landscape

10 3 L) LI | 1 1 1 | R Z ] 1 1 I 1 I Nl
| | |
Xe and cryogenic Ge experiments 3
‘E QDAMA/Na currently leading the field
104
9, QN\ CoGeNT E
co: DAMA/ =
£ pa |\ 5
é  E ') \CDMS (2010) B
2 " CRESST (2011) .
S 10k L\ XENONI0 (S2.anly, 2011)
8 E . EDELWEISS (2011) XENON100 (20167
o - :
S j0vk W ZEPLIN-III (2011)
Z = —
& B
XENON100
= (2011) ’
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70 — i Buchmueller & al.
-45 1 L1 1 | 1 ! 1 | 11 L | 1 [ S N |
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. [Lauren Hsu]
direct searches:

Running experiments and those soon to be commissioned are
about to explore one of the most interesting theoretical regions

Now that we think we've found the Higgs, will dark matter be
the next great discovery of particle physics?



. [Lauren Hsu]
direct searches:

Running experiments and those soon to be commissioned are
about to explore one of the most interesting theoretical regions

Now that we think we've found the Higgs, will dark matter be
the next great discovery of particle physics?

THE HIGGS AND DM IN SUSY

L
In SUSY +he &
2, g gkt &
for no 6004 5
/;, reason! <

A s
T \§> x .
I(ec‘) ol ee
'ﬂ\l.haf I'JL{)
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>

[Neal Weiner]



and finally also a word about

SUSY



ALFRED
HITCHCOCK

[Andy Parker]

SUSY has been expected for a
long time, but no trace has
been found so far...

Like the plot of the excellent
movie “The Lady

Vanishes” (Alfred Hitchcock
1938).

A lady is seen, then
disappears on a train:

- is she imaginary?

- has she been kidnapped
and hidden?

- is she in disguise?

- is she dead?



[Andy Parker]
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Both experiments
provide nice search

Larger versions in
backup slides
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s SUSY Dead? [Andy Parker]

* The searches leave little room for SUSY inside the
reach of the existing data.

* But interpretations within SUSY models rely on

many simplifying assumptions, and so care must
be taken when making use of the limit plots



[Andy Parker]

s SUSY Dead?

* The searches leave little room for SUSY inside the
reach of the existing data.

* But interpretations within SUSY models rely on
many simplifying assumptions, and so care must
be taken when making use of the limit plots

Maybe a happy ending....?
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[Andy Parker]

s SUSY Dead?

The lady is found alive and well in the
final scene...




| apologize for not having covered
your favourite topic

lattice: information e
- fromfirst principles - B-physics : unitarity
R ~ triangle & NP ‘

please consult: www.ichep2012.com.au/Program/



] .

y 3é6th International Conference e

on High Energy Physics l n S u m m a r
Melbourne Melbourne \

4th of July 2012 [Alex Pomarol]
A very stirring day for the EWSB practitioners

We’ve been more than 40 years
of mainly wandering in the desert...

Do you think we'll ~
find a Higgs? .

| don’t know,
this looks Higgsless




% o ) .
" 3é6th International Conference
on High Energy Physics

Y Ly - IN SUMMary

Melbourne Melbourt

[Alex Pomarol]

... and finally plenty of new relevant data has
begun to fall over us!




ICHEP2012 o

exciting news from the high energy
& high intensity frontiers

";Ilﬂ !
M

Melbourne

base line: QCD
—indispensable input for hadron |
machines (the ‘discovery’ machines) 77777777777777777777777777777777777777777777777777

— HERA f . flavour-physics

’

lattice: information
from first principles

~ EW: symmetry Tevatron - Cpv

- breaking, higgs, ... Rhic Nt
e N B-physics : unitarityé
- DM&DE: (in)direct .~ triangle & NP '

. searches & cosmology |

e @ HIC : the quest for
' neutrino: numbers ~ the QGP
- & masses e ’

BSM: SUSY, new = new technologies &
. physics, exotics .| facilities
S _ = communicating science



36th Interﬁfidnal Conference very StlmUIatmg conference

on High Energy Physics _ & amazing new results
e still many ways to go ...

Melbourne [Maringka Baker: Pukaral]
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