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Particle Physics

Goal : Study the fundamental particle properties and its interactions

In the last century, a successful theory was developed, called the Standard
Model

It is based on the marriage of quantum mechanics and special relativity. It
has some basic ingredients : Locality, Lorentz and Gauge Invariance and
Renormalizability.

These principles enable the existence of fundamental particles of spin zero,
|/2 (Dirac or Majorana), one (gauge bosons), 3/2 and two.

A fundamental particle of spin two is associated with gravity (GR).

We just got evidence of the possible existence of a particle of spino zero,
which is required in this model.

This is an incredible intellectual success, which has led to the understanding
of all processes observed in nature.
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Present of Particle Physics

All Standard Model interactions may be written in a few basic lines.

- 1
L =y, D — §TT[FMVFMV]

—Y§pdy + (DFD) DHD — V(D)

No mass scale appears, apart from one in the scalar potential
Renormalizability implies the absence of higher order interactions
This is the starting point of our activities. VWe want to understand if this is correct.

There are two aspects to this line of research. First understanding if with the
particles we know this is the proper description. Are there deviations associated
with a new physics scale ?

Second, we want to see if there are new particles or new forces we don’t know.

After all, we want to investigate if the mass scale in the potential has a dynamical
origin. If it does, it is natural that is associated with physics at the TeV scale.



Standard Model Particles I

There are 12 fundamental gauge fields:
8 gluons, 3 W, ’s and B,
and 3 gauge couplings g1, g2, g3

The matter fields:

3 families of quarks and leptons with same

But very different masses!

m3/ma2 and ma/m; ~ a few tens or hundreds
me = 0.51073 GeV, —£ ~ 200, L ~ 20

me I

Largest hierarchies
me >~ 175 GeV m¢/me oc 10°
neutrino masses smaller than as 109

GeV!

quantum numbers under gauge groups

ELEMENTARY
PARTICLES

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...
Leptons spin =1/2 Quarks spin =12

Approx.

Flavor Mass Electric

Flavor Mass  Electric

GeV/c2 charge Gev/c2 Charge

Vo electron | <1x10-8 U up
neutrino

€ electron |0.000511 d down

m,, e <0.0002 C charm
M neutrino

/L muon 0.106 S strange

p_ tau <0.02 t to
T neutrino P

T tau 1.7771 b bottom 43
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Three Generations of Matter

LF

Only left handed fermions transform under the weak SM gauge group

Fermion and gauge boson masses forbidden by symmetry



Historical Perspective

Higgs Mechanism was proposed back in 1964 by several
authors, including Higgs

It was implmented by Weinberg in 1967

A scalar boson, the Higgs particles, was predicted
associated with this mechanism

What were the prospects of its discovery in the late 60’s ?
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The situation with regard to nggs bosons is unsausfactory First it should be
stressed that they may well not exist. Higgs bosons are introduced to give intermediate
vector bosons masses through spontaneous symmetry breaking. However, this sym-
metry breaking could be achieved dynamically [10] without elementary Higgs bosons.
Thus the confirmation or exclusion of their existence would be an important con-

straint on gauge theory model building. Unfortunately, no way is known to calculate
the mass of a Higgs boson, at least in the context of the popular Wemberg Salam [l 1]
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We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the
case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.
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But the Higgs is not weakly coupled to all
fundamental particles !

It is relatively strongly coupled to those particles which had not been
discovered at that time

Indeed, the W mass, the Z mass and the top quark masses are all of the
order of 100 times the proton mass

Some of the authors soon realized that these could be used to produce
Higgs bosons

It is in processes mediated by these particles that we have searched
for, and eventually found the Higgs boson !



Tests of the Standard Model

Understanding the Properties of Fundamental Particles



Weak Gauge Bosons
Properties at the LHC



Inclusive W/Z at 8 TeV

o SpeCiaI data set arXiv:1402.0923 PRL112 (2014) 191802
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Lopes de Sa

World average W Mass Measurement

Tevatron + LEP combination:
arXiv:1307.7627

From GFitter: arXiv:1407.3792

Mass of the W Boson

Measurement : M [Mev] ; [ T T T T | T T T T | T T T T | T : : T T | T T T T T J;
| W 8 C 68% and 95% CL contours i m. vr::r_lt: ;;?:Gi \‘;(s :
: — 80.5 — ' fitw/o M,, and m, measurements i -~ 6 =0.76 GeV -
3 = C " ] — =076 ©0.50,_-GeV ;
CDF 1988-1995 (107 pb™) —_— 80432 + 79 = L fit w/o M,,, m, and M, measurements i i
: - M direct M,, and m, measurements
DO 1992-1995 (95 pb) I @ —— 80478 +83 80.45 —
CDF 2002-2007 (2.2 fo™) -0 80387 £ 19 -
: 80.4
DO 2002-2009 (5.3 fb™) - 80376 + 23 ol
Tevatron 2012 e 80387 + 16 - M, world comb. =+ 1o
: 80.35 — m, =80.385 + 0.015 GeV
LEP —@— 80376 + 33 C
World average & 80385 + 15 80.3 -
‘ - & )
80.25 — %~ e fitter sl
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My, = (80.385 4= 0.015) GeV. Relative precision of 2 parts in 10,000!



Lopes de Sa

W boson mass measurement at the LHC - PDF (2/3)

da0S-SS/din [pb]

» The uand d PDFs can be constrained
with W charge asymmetry measurements.

» The s PDF, that is relevant for W
production at the LHC, can be constrained
with W + ¢ measurements.

Plots here:

» CMS W charge asymmetry (W — pnv
channel, 7TeV, 4.7fb™ !, arXiv:1312.6283)

> CMS W + c(jet) (7 TeV, 5.0fb 1,
arXiv:1310.1138)

> ATLAS W + D/D* and W + c(jet) (7 TeV,
4.6fb~ 1, arXiv:1402.6263)
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Sood
Results

* Observed EW Zjj production with significance > 50

m ;>250 GeV +9.8 :
O cw =54.7 = 4.6 (stat) _10 4(syst) + 1.5 (lumi) fb

o =107 £0.9 (star) = 1.9 (syst) = 0.3 (lumi) fb

* Measured fiducial cross sections agree with SM
predictions of 46 fb + 1 and 9.4 +0.3/-0.4 fb

* Fitted number of EW events in m; > 1 TeV region used
to set limits on aTGCs
— aTGC parameters varied with and without form factor

— Limits determined by profile likelihood test

alTGC A =6 TeV (obs) A=6TeV (exp) A =00 (obs) A= o0 (exp)
Agiz  [-0.65, 0.33] [£058,0.27]  [-0.50, 0.26] [—0.45, 0.22]
Az [—0.22, 0.19] [—0.19, 0.16]  [~0.15, 0.13] [~0.14, 0.11]




Sood
Measured Cross Sections

Good overall agreement with SM
Apr 2014 CMS Preliminary

CMS measurements 7 TeV CMS measurement (exp+th) ~ —+—0—+—

vs. NLO theory 8 TeV CMS measurement (exp+th) ——e—1—

1.04 +0.11+0.09 5.0fb"

1.16 +0.13 +0.06 5.01fb™
Zy ——O—— 0.98 +0.05+0.05 5.0fb™"

YY, (NNLO th.)

o

=
=
o

WW+WZ o 1.05 +0.20 + 0.03 4.9fb™
WW o 1.11+£0.11:0.04 4.91b"
WW — o — 1.22+0.12+0.04 351"
W7 o 1.17 +0.10 £ 0.03 4.91fb™
W2Z e 1.12 £ 0.08 £+ 0.05 19.6fb™
ZZ 0 0.99+0.15+0.06 4.9fb"
77 A 1.00 + 0.10 = 0.08 19.6 fb™

R T T S S A NS S S
0.5 1 1.5 2
mrcemenmopn I roduction Cross Section Ratio: oy, / o,

Similar results seen by ATLAS (summary plot in extra
clidec)



The Top Quark



Inclusive tt cross section summary
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Tevatron combination* L = 8.8 fb' . . —
ATLAS dilepton L = 4.6 fb” ATLAS+CMS Prellmmary July 2014 -
TOPLHCWG

CMS dilepton L = 2.3 fb’
ATLAS lepton+jets* L= 0.7 fb"
CMS lepton+jets L = 2.3 fb'
ATLAS dilepton L =20.3 fb"
CMS dilepton L = 5.3 f5"

ATLAS lepton-+ets* L = 5.8 fb” [ ]
CMS lepton+jets* L = 2.8 fb' | |
* Preliminary 250 _— —_
200F 4]
= NNLO+NNLL (pp) 1501 1JT] 1]
E—— NNLO+NNLL (pp) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m,_ =172.5 GeV, PDF® ag uncertainties according to PDF4LHC

to
p|IIII | | 1 1 1 | 1 1 1 | 1 1 1 |

2

| | | | | | | | | 1
3 4 5 6 7 8 9
Vs [TeV]

Consistency with the Standard Model from 2 to 8 TeV



Single-top production: summary

s-channel single top quark, Tevatron Run Il, L <9.7 fb K

o [pb]

02

iy

102

single top-quark cross-section o [pb]

‘CMS‘ Prel‘imin‘ary ‘
Single top-quark production

®  CMS,JHEP12(2012) 035
A CMS, JHEP06(2014) 090

Approx. NNLO Kidonakis, PRD 83, 091503 (2011

Approx. NNLO Kidonakis, PRD 82, 054018 (2010,

s-channel

(0] CMS, Phys.Rev.Lett 110, 022003 (2013)
A CMS, Phys.Rev.Lett.112, 231802 (2014)

Approx. NNLO Kidonakis, PRD 81, 054028 (2010)
v CMS, PAS-TOP-13-009 (FC interval)
| |

2 3 4 5 6 7 8 9 10 11 12 13 14

10?

Vs [TeV]

T T T . T ] T 1 ' 3
- ATLAS Preliminary July 2014 7
| single top-quark production t-channel

s
\

g b

Stupak

At least 30

Measurement
CDF l+jets
CDF [ +jets

CDF combined

DO /+jets
Tevatron combined
u d
Theory (NLO+NNLL)
1.05 + 0.06 pb [PRD 81, 054028, :
W+ ’ i
JF \ A A A A A
w 0
t m,,, = 172.5 GeV
b b

Cross section [pb]

-
Cross section [pbl

t-channel Single Top Quark Cross Section

1.47°

4 1
1127
037

1.36 53

11095

-0.31

1.29 +0.26

-0.24

NLO+NNLL at m =172.5 GeV

~ MSTW2008 NNLO PDF
T stat. uncertainty

10 s-channel
#t-channel 4.59 fb™" arxiv-1406.7844
3t-channel 20.3 fb™" ATLAS-CONF-2014-007

Wt 2.05 fb™! pLB 716 (2012) 142

Y

1 ? TWt 20.3 fb™" aTLAS-CONF-2013-100 é
-V S‘-chanr?el 95°/T C.L. Ii‘mit 0.7‘l‘b'1 ATL‘AS-CONF-‘2011-118‘ ]
5 6 7 8 9 10 11 12 13 14

M r—

20, (

K & v DO e/utets 2.3 fb’ —e— 3.147%% pb

‘ E e/u+jets 3.2 fb™ 40.40
MET+jets 2.1 fb'F o 080540 PP

- W=
~ DO elu+jets 5.4 fb" —e—i 2.90°) 5, pb
b { .
. , CDF e/usjets 7.5fb" 1o 149177 pb
DO elutjets 9.7 fb! —o—  3.0703pb
; N. Kidonakis
W+ — PRDI74114IO12(2006) m, =172.5 GeV
1 1 1 l 1 1 l 1
d b 0 .




Top Quark Properties

Top Mass World

Tevatron+LHC m,,  combination - March 2014, L_=3.5fb"-8.7 fo'
ATLAS + CDF + CMS + DO Preliminary

CDF Runll, l+jets ——— 172.85+ 1.12 052+ 0.49+ 0.86)
CDF Runll, di-lepton < 170.28+3.69(1.95  +3.13)
CDF Runll, all jets ° 172.47 £ 2.01(1.43 £ 0.95+ 1.04)

L =58fb"
COF Runll, ET*+jets

L a7 Fo————t 4 173.93 + 1.85 (1.26 + 1.05+ 0.86)
PO RN et Vb @bt 174.94 £ 1.50 (0.83+0.47 £ 1.16)
o0 Funtl driepton o 174.00 £ 2.79 (2.36 + 0.55+ 1.38)
AILAS 20T Tets — e — 172.31+ 1.55(0.23+ 072+ 1.35)
ATLAS 201, driepron —_—i—t 173.09+1.63 (064  +1.50)
CMS 20T Fets e —_— 173.49 + 1.06 (0.27+0.33+0.97)
CMS 201 driepton —_— — 17250+ 1.52 (043  +1.46)
CMS 2ot alljets — = 173.49+1.41069  +123)
World comb. 2014 % /ndi=4-3/10 - =t 173.34 £ 0.76 (0.27+0.24+0.67)

%2 prob.=93%

2 £ Tevatron March 2013 (Run I+Il) =1 173.20 £ 0.87 (0.51+0.36 + 0.61)
B S LHC September 2013 [S—v— 173.29+ 0.95 (0.23+0.26 + 0.88)
o | | | fotgl (stat. IJES syst)
165 170 175 180 185
Myep [GEV]

Miop = 173.34 + 0.76 GeV
Relative uncertainty 0.44%



Top Quark Properties

Updates since Wo

o Updated measurements of my,, after first world

combination

o DO |+jets: most precise single

measurement \

New Mygp Results since First World Combination

CDF Runll, all jets ( 9.3fb™)

CDF Note 11084 —o— 175.1+£2.0

CDF Runll, di-lepton ( 9.1fb™)
CDF Note 11072 —— 170.8 £ 3.2

o [evatron combination gives

DO Runll, I+jets (9.7fb™)
PRL 113, 032002

j Tevatron combination ( < 9.7fb™) X 1743+ 0.6

o 175.0£0.8

smallest uncertainties:

Meop = 174.34 =+ 0.64

Relative uncertainty 0.37%

o Consistency between
measurements is under study

arxiv:1407.2682

ATLAS 7 TeV, all jets ( 4.6fb™)
l +

arxiv:1409.0832 1751+ 1.8

CMS 8 TeV, all jets (18.2fb™)

CMS-PAS-TOP-14-002 172.1+0.9

CMS 8 TeV, I+jets (19.7fb™)

+
CMS-PAS-TOP-14-001 172.0+08
M,y (WC)=173.34£0.76

(arxiv:1403.4427)

150 160 170 180 190
My, (GEV/c?)



Hong

NNLO Arg Predictic

A. Mitov, CKM 2014

o Preliminary NNLO prediction (Sep. 9, 2014)

suggests tension resolved Fo
o NNLO QCD + LO EW g ot el ST
— Arg ~ 10% i e |
o If this result holds up, it means that |~~~ s
deviation between measurements el % §
and prediction no longer significant ¢ | ey il 2@33
Ol ok | | &

NNLO QCD calculation needed for | ° 2 o Hi| @
top kinematics! : g - w0
Especially important for precision =i
measurements happening at LHC S '

Errors due to scale variation only




PDF’s and Hard Jets



Radescu

QCD scaling and EW effects

EW effects clearly seen at high Q2:

H1 and ZEUS preliminary
—~ 10°F 5
S [ HERA(prel) HERAPDF2.0 (prel.) NLO, Q2 =3.5 GeV
) - Vs=318 GeV Vs = 318 GeV
=, [ ™ NCe'p0s fb! == NCe'p
Z 103 ® NCep04fb' == NCep
'™ =
© - S PP x=002 (x475)
i B e = T & o ] x=0032 (x400)
| R e e e 8 x=005 (x270)
2
10 '_ B Y == x=008 (x170)
i ‘vv—ﬁ-’—rt—-t-'—ﬁlzi/\:f! x=013 (x80)
10 — =<: x=0.18 (x20)
. __ ""—'—h‘t—h'———'< x=025 (x6)
: M x=040 (x2)
10 ! 3 f
i =065
107k $ ’
i ' L lllllll ' L lllllll L ' lllllll
10° 10° 10° 10°
2 2
Q7 GeV

0, ne®,Q%) x 2

104

103

102

10

10

10

3
10 4

H1prelim-14-041 and ZEUS-prel-14-005

QCD scaling violations nicely seen:

Atlow x :

i s e HERA NC e'p (prel) 0.5 fb™
3 \s =318 GeV
o6 x=000005i=2l O Fixed Target
= et X 2 0000]3, 19 === HERAPDF2.0 (prel.)
r °o® oe*® x = 0.00020,i=18 NLO Q2 =35 GeV2
I ee®* eeee®  X=000032,i=17 * Nmin
e 00t eeeeeee x=00005,i=16 The x region
E e " eeeeee x=00008,i<15
[ e eeeses x=00013,i=14 relevant for the
e e eeseveee e e X=00020,i513 Higgs production
et eeeseseeeeoee  X=0002ER is at 10-2.
L o oo oeeoeeee  x=0005i=11
= e T eeeceseecsese  x=0.008,i=10
g '_;;;_::.wm x=0.013,i=9
C . W x=0.02,i=8
E L4 W‘“ﬁm x=0.032,i=7
8 et oo soeesseees oo  x=0.05i=6
N -oagoodt
- B n sl i-amuisamn e A L 4 & 4 Sa e B x = 0.08, i=5
g x=0.13, i=4
B OOC SRR eee-00setese x={ Athighx:
F —
= '})‘
;_ x = 0.65,i=0
- Combined H| & ZEUS run-2 preliminary

l 1 IIIIIIII L Illlllll 1 IlIIIllI '} llllllll 1 Illlllll 1 Il L1l

1 10 10 10° 10° 10°

Q% GeV?



Radescu

Impact of LHC data on PDFs

© Abundant LHC data with possible novel constraints on -

PDFs are investigated: N\ B oro
SN N NNPDF2.3
Inclusive jets and dijets Intense activity 3
Z (medium/large x) of global PDF ;
e, Isolated photon and y+jets groups to ;
o (medium/large x) include these )
O Top pair production (large x) measurements s
High pr Z(+jets) distribution in the new P_DF 20 - SN ABM12 (20 LHO)
(small/medium x) releases in time s
e e for Run2 data. | 3 "
High pr W(+jets) ratios g 0 < LHCh (W, W)
(medium/large x) 10 . +LHCb (Z)
W and Z rapidity distns m -20 ::|: I E%‘S@‘é"(véy‘r v)vI z)
(medium x) 10 10° 102 0! 5
Low and high mass Drell-Yan Gluon at NLO
(small and large x) o T T e T
Wec (strangeness at medium x) NNPDF3.0 is in LHAPDF, | e ::ncea : o
% announced updates from: NLOLHE (e
S Low and high mass Drell-Yan MSTW, HERA, CT, ABM
E WW production |

[see M. Kuze, S. Lee, J. Stupak ] 29 R ST —



Lee

XX

Inclusive jet production fastNLO

. ) http://projects.hepforge.org/fastnio
10 “} in hadron-induced processes
| *

M lJlH” Vs = 200 GeV pp

| | ‘ 000 . ST;R cone 0.2<Inl<0.8
% Ratios of data and theory for 1 LI e
inclusive jet cross sections 103} Vs=300Gey . . DIS
. . . g WM (< 800) ewav H1 k. Q2 from 150 to 5000 GeV?
measured in various collisions at i ooseo ZEUS Kk Q% from 125 to 5000 GeV2
different center-of-mass energies.

Inclusive Jet Cross Sec

€102 Joquaydeg

porticle dota group PDG 2014

emivo H1  k; Q2 from 150 to 5000 GeV?

v ATLAS anti-k; R=0.4 lyl <0.3
o CMS anti-k; R=0.7 lyl <0.5
e CMS anti k R=0.5 lyl<0.5

-1 I all pQCD calculatlons using NLOJET++ with fastNLO:
10 [ a(M,)=0.118 | MSTW2008 PDFs | pg=pp=py,
- NLO pIus non-perturbative corrections | pp, pp:incl. threshold corrections (2-loop)

| JI\J\\\‘ . L J\\\J\‘ L L \!\l\ll L

- Vs = 546 GeV onaoe ZEUS ky Q% from 12510 5000 GeV* |

g’_lo 2|  © CDF cone 0.1<mi<07 W (x 150) pp_bar g

The ratios are shown as a function @ | Vs =630 GeV { 8
f iat l-E - e DO cone 0'0<I"|<0'SMWJ—L(" 50) é
or Jetpr. - [ Vs=1.8TeV H
© o CDF cone 0.1 <Inl<0.7 Ly P ndicil 5

: -oc-U- e D@ cone 0.0<Inl<0.5 i §

In general, there is good agreement Q10 | Vs=1.96TeV
between theory and data. | 5 GDF cbne 01 <M<y :
i e D@ cone 0.0<lyl<0.4 o b pp %

: : \/S 2.76 TeV ﬁ # F E F $ g #ﬁ ll (x3) g

New LHC jet data have started to R Bl A LR R
go beyond the p; reach of the T Fvs=7Tev e o TR L [
Tevatron experiments | o AT anvie oo Ii'log H

% Beautiful jet results from ATLAS &
CMS start constraining PDFs

2 3
10 10 10
p. (GeV/c)



N PDG 2013/10 NNLO

H1 multijets at low Q? 5013
EPJ C671 (2010) Sept. 2013

H1+ZEUS (NC, CC, jets) o ( ) v T decays (N3LO)
H1-prelim-11-034, ZEUS prel-11-001 (2011) S v

ZEUS incl. jets iny ’ ® Lattice QCD (NNLO)

Nucl. Phys. B364 1 (2012) HERA s DIS jct.\\n.\‘l.v()»

H1 norm. multijets at high
H1-prelim-12-051(2012) ¢ 03 0 Heavy Quarkonia (NLO)
CDF incl. jets o r A S - ’

j - 3 ,
Phys. Rev. Lett. 88 (2002) o e'e jets & shapes (res. NNLO)
DO incl. jet: . S
PRD 80 111107 (2009) TEVATRON ® Z pole fit (N°LO)
DO = st NI
phfsn?eﬁog;m 56 (2012) v Pp —> Jets (NLO)

Malaescu & Starovoitov (ATLAS incl. jets)
EPJ C72 2041 (2012) 0 >
e

ATLAS N,

ATLAS-CONF-2013-041 (2013) ATL AS :

CMSR,, I

Eur. Phys. J. C 73:2604 (2013) 1 I H C
I

CMS tf cross section

arXiv 1307.1907 (2013) -

CMS 3-Jet mass ﬁé‘:& \

CMS PAS SMP-12-027 CMS 0.11L ‘{J_LM
CMS incl. jets

oo o028 = QCD 0gx(M;) = 0.1185 + 0.0006

World Average
PRD 86 010001 (2012)

o o b 1 10 < 100 10'00
0.11 0.12 0.13 0.14 0.15 Q[GeV]

fantastic proof of a, running up to the TeV region

All results compatible with the world average
precision limited by missing higher orders in QCD and PDF uncertainties
Analysis with 2012 data at 8 TeV in progress.




Flavor Physics

B-Physics, Charm and Kaon Physics



CKM Fast

Result of 15 years of Belle, BaBar and LHCb  PecificNorthwest |

Proudly Operated by Battelle Since 1965

- | A CKMfitter.in2p3.1r

5 € M ,

3 &r‘*ﬂ e global fit results

- -

= . 0.81

g B, - ¢ ()= (21.88%)7)
= 2.6

: o, 7 9, (@)=OLT£ )
3 13
= () =(66.5%,5)
j Unitarity Triangle 2 ”?

4, . )
016 — 018 1.0

(0,0) (1,0)

So far all triangle parameters are self-consistent

Don't give up: we still have a chance to see New Physics in
CKM with x50 more data from Belle || and upgraded LHCb



Kreps

THE UNIVERSITY OF

B(S) — WARWICK

0 —. CMS and LHCb
.B—>ILL+,LL. '?n"'l"'l"'l"'l

& 16— =
B — 2 8+O 6 >< 10_9 EM;_ tgiagt:alandbackground _;
' S - - = BS— uw'w .
6.20 from Wilk's theorem S --goegﬁ N :
0 +,,— g °F o Somtoponiotig 3
- B % ” ILL . -g 8: ,\\:“ —Eeakir:gp:)kg. e _:
B — 3 9+1 4 X 10_10 8 6;.. R .{\i —f
3.20 from Wilk's theorem o N A | ﬂ— -l— .
3.00 from Feldman-Cousins S W S - [ i [ | ] Jlr

0 +,, — 0 + . — O %000 ﬁsrzoz)”‘ T
| B — U / BY — JIRNY m. MeV/c]

+0.08

R — O ].4 O 06 Om%Q:CMS\ a\nd L‘Hwaw L— I E
m Compatible with SM at 2.30 ® s& E
. . 7 = —
m SM prediction E E
B(BY) = 3.66 +£0.23 x 10~ st -
B(BY) = 1.06 +0.09 x 10~ : E
oF E
e E
_ Experiment % T s oﬁ
SSM - Theory Se.,



Fast, Kreps

D THE UNIVERSITY OF
BT — v, WARWICK

m For long time, tension between V,;, sin25 and BT — 77, BF

m Tension decreased after Belle updated analysis with fully
reconstructed tag

m Now update with semileptonic tag (with lot of improvements to
analysis)

a B(B" - 7tv,)=125+0.2840.27 x 10~*

o 30 X1\0-3\ T T T T T T T T T T T 1 0 . 1 BaBar Semlleptonlc tagglng
B ] (1.7£0840.2) 1074
C ] 0.9
0.25 — - : ) ; | BaBar hadronic tagging
- 1 e - = ' (183703 £0.24) 107
- . 0.7 : ;
£ 0.20 — . i Belle semileptonic tagging (old)
L B . |——.——| — K 29 _
e B 1 0.6 : ; (1.54 10375037 1074
g 015 ] 0.5 5 Belle hadronic tagging
o C ] 04 |—’—‘3 (0.72 7027 4 0.11) 10
m 040 - -
B ] 0.3
- 1 Mo2
0.05 — - : :
= i - 0.1 3 : This result
- FPCP10 B ———| : 95 ) ¢ ‘ -4
L i ‘ : 1.25+0.28 = 0.27) 10
0-00 L L L L ‘ L L L L | 1 L L L ‘ L L L L ‘ L 0.0 CI!{M ﬁt. . ( )l ) .
0.5 0.6 0.7 0.8 0.9 1.0 1 > 3 1

sin 2f B(B — 1) (107%)



Muramatsu

/
T +
D*— u" v,
e BESIII (PRD89, 051104(R) (2014)) : 2.9 fb! at Ecm = 3.773 GeV.

e Measured B(D*— p* vy) = (3.71+£0.19+0.06)x10
The most precise measurement to date.
— With |V | of CKM-fitter input, fp+ = (203.2+5.311.8) MeV

— With fo. of LQCD input (PRL100, 062002 (2008))
|Vea| = 0.2210+0.0058+0.0047.

—e— Data

e Statistically limited.
More data would be welcome.

e BESIII plans to take
~10 fb! in the future!

non-DD processes

10 E

Number of Events

[S—
TTTTIT

-0.2 0 0.2 0.4
2 2, 4
M, [GeV7/cT]

10° E |3 D —-wv,
E |l D' - K)n*
| pt o’
[ | D' —>t'v,
Other D decays
|| o % °
| ? o
[ g . ? o'?
®
. : '




| +0.16-+0.05 | BES-I
(0.08"16+0%% g,

00502

l—w BES-II
(0.122+0 ;]5%i0.010)%

H  (0.0393+0.0035+0.0009)%  CLEO-c

@ (0.03710.0019£0.0006) % BESIII
PRD89 (2014) 051104 (R)

i (0.0382+0.0033) % PDG2013

<0.07% at 90% C.L. MARK-III

PRD78,052003

0 0.2 0.4
B[D* Du*v]

Good consistencies are seen among the previous experimental results.

(2008)

0.6

Muramatsu
Comparison of B(D* — u* v,) and fp.

L L B

Experiment 203.9+4.7
Lattice(HPQCD) 208.3£3.4
Lattice(FNAL+MILC)
PQL
QCD Sum Rules F——
QCD Sum Rules
QCD Sum Rules
QCD Sum Rules
QCD Sum Rules
QCD Sum Rules
Field Correlations
Light Front (Fixed)

150 190 230

fp+ (MeV)

\

_J




Marks

LHCb - CPV in WS DY & K

A determination of mixing parameters for D’ and D" gives access to CPV
PRL 111 (2013) 251801

> Fit parameter F ' :
6F Do e -
Direct and indirect CP violation — N DY = KT o A b T
R; [107%] 3.545+0.082+0.048 ' - B E
Jr 108 51t 12 +07 = 5t m1 ]
225 1075 49+ 6.0 +£36 e - 3.0fb™" 4
R, [1073] 3.59140.081+0.048 4= -
y= [107%] 45+ 12 £07 - ¢ , , ]
2?7 [107°] 6.0+ 58 £36 6 ' ' i ]
x2/ndf 85.9/98 I T s — 3
» CP violation parameters = °F — CPV allowed
. L. IQ—_: - mee N ) dli"(f(.‘f CPV ]
e CPV in mixing A ™ NoCPV 3
0.75 < |q/p| < 1.24 @ 68.3% CL 3 B
T 02F -
e direct CPV of DCS component = Bt e .
R* — R~ Rt ; :
D= (—0.7+£1.9)% % -02F ) } { .
N /
No indication for direct or indirect CPV 0 : ! ° t[TD02

Jorg Marks




Tecchio

Kaon Golden Modes and NP

Branching ratios theoretical prediction are good to 2-4% (excluding
parametric uncertainty)

BR(K*—=m+vv ) = (7.81+0.75 + 0.29) x 10-1
BR(KLenOW) = (243 + 039 + 0.06) x 10-1
(Brod, Gorbhan, Stamou, PRD 83,0340030 (2011)
Direct measurements:
BR(K*—=mrvv ) = (1.73+1.15-1.05) x 1010 (BNL E787/E949: PRL 101 (2008) 191802)

BR(K, —=nvv) < 2.6 x 10-8 (KEK E391a: PRD 81 (2010) 072004)
S W vt~ S W d .’;E Im @7
h ? ’ St
& P
ET% I;‘}}
m g 3 : 5
d W it yl~ yl* v v I e «

- KOTO achieved similar sensitivity as E391a in only 100
hours of data taking!

VA62

Upcoming run (October-December 2014): commission detector with lower
intensity beam. Likely reach SM sensitivity!
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There are lots of XYZ states

Bian

' 74430) |
I flc(4'So) ‘
-x (33P2)
~ Xe0(33Pa)
¥(2°Dy)
mm
L 31S0) 4008)
jziom _
- ’—|'IJ T Xe0(2%Pa)
w'(2351)
e’ (2'So)
13P2)
he(11P1) Yer(13P1) Xl
[ Xoo(13Po)
i
)
" [nisn]
0-+ 1-— 1+ 0+ 1+ Dss

Exotic Heavy States

A number of new states above

open-charm threshold.

Charmonium in the final state,
but not an obvious charmonium
state (charmoniumlike or XYZ)

What are they?

— Charmonium?

— Tetraquark?

— Molecule?

— Hybrid?

— Hadrocharmonium?

Observation of Z,(3900)* in

ete—nmJ/yY

BESII[PRL 110 252001 (2013)]
525pb-1 @ 4.26GeV

Belle PRL 110 252002 (2013)
967fb-1, in ete-Dy;gpm+m-J/ 3P

—+Data

— Total fit

Qo
i<}

-Z, DIy

8o

-2+ Background fit

-- PHSP MC

Events / 0.01 GeV/c?
Events / 0.02 GeV/c?

3.7 3.8 3.9 4.0
Mmax(mtJ/y) (GeV/c?)

CLEO-c data [PLB 727 366-370 (2013) |
586pb-1 @ 4.17GeV
35,

t Data

30; --- Phase Space Z¢-9'7E¢J/¢ (a)

r — Fit
[ =3 J/p Sidebands |

Counts /10 MeV
N
o

39I00 4000
Max(m=J1p) (MeV)

L L
3700 3800

<4 data
—Fit
— Background
<o PHSP MC

3.7 3.8 39 4 4.1 4.2
Mpax(m/ W) (GeV/c?)

Z(3900)*: first
confirmed charged
charmonium-like states
observed in w*wJ/y by
BESIII, Belle and
confirmed in CLEO-c
data (NWU group).

BESIIII

M = 3899.0+3.6+4.9 MeV
T'=46+10+£20 MeV 3074
events, >80

Belle

M = 3894.5+6.6+4.5 MeV
T=63+24+26 MeV

159 + 49 events, >5.20
CLEO-c data

M = 3886+4+2 MeV
I'=37+4+8 MeV

81x16 events, >50

Couple to ccbar.
Has electric charge.
At least 4 quarks.
Mass close to DD*
threshold.
Molecular state?
Tetraquark?
Hadrocharmonium?
Threshold effect? ...



Lepton Flavor Violation in
Charged Lepton and Neutrinos



N MEG Result and MEG-II Tecchio

Using data up to 2011:
BR(pu*—e*y)<5.7x1013 @90% C.L.

J.Adam et al., PRL 110 (20), 201801

Set constraints on NP models
accommodating anomalous muon

magnetic moment (G.Isidori, PRD 75,

115019 (2007) )

BR(p—ey)x10"

9/19/14 5 10 15 20 25 30 35 40 45 50
Aa,x10"

uw+N->e +N

Two experiments, Mu2e @ FNAL and
COMET @ J-PARC, have been proposed
for searching u — e conversion in
presence of a nucleus (Al)

Present limit from SINDRUM-II @
PSI: BR(u*—e'yx5.7x1013 @90% C.L.

In 2012-2013 already collected
more than twice the statistics

(analysis in progress) but reaching
MEG final sensitivity of 5x10-13

MEG-TII upgrade with larger
acceptance and better resolution
for higher beam intensity promises
to reach 5x10-14in sensitivity.

R.H. Bernstein, P.S. Cooper / Physics Reports 532 (2013) 27-64

Govea and Vogel, arXiv:1303.4097v2 [hep-ph], 2013

A (TeV)

NP mass scale
=)
T
|

B(u — e conv in ¥Al)=10"°"

B(uw — ey)=10"" |

2

2 -1
10 10
strenght of loop vs contact terms

0
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SOLAR NEUTRINOS: SUMMARY
SOLAR PHYSICS

pp 'Be pep CNO B
SuperK +1.4%, E, > 3.5 MeV
Ref. 1
SNO +3.8%, E, 23.5 MeV
Ref. 2
Kamland +15% +15%, E, > 5.5 MeV
Ref. 8 Ref. 3
. +10.6% +5% +19% UpperLim. | +17%, E, 2 3 MeV
Borexino Ref. 7 Ref. 6 Ref. 5 Ref.5 |Ref 4
SOLAR NEUTRINOS: SUMMARY
OSCILLATIONS2)
Survival probability for all solar neutrino energies
0.9
] C
0.8f pep BOREXINO
E DATA ONLY
0.7j
0.6  —
o.sb- T |
0.42—
0.3;
E MSW-LMA
0.2 L
c Prediction
0.10 — -
10? 10° 0

4
Energy [keV]

THE STANDARD SOLAR MODEL:

THE PP CHAIN

pp pep

p+p = 2Htet Lo 99.77% 0.23% pHe +p — 2H+VJ

|
hep
15.08% ‘3He +p — ‘He+et fuef)|
; 1% B
‘3H0+4H0*>7BC+"/ o 7BC+P%8B+’Y‘ ﬁﬁ
“
1
99.9% N
"Be B
N
‘7Be+e’ — "Lif v, | ‘SBHSBe*Jre*—H/e‘
3He + %He — *He + 2p ‘ ‘ Li+p — *He + 4He‘ ‘8Be* — ‘He + 4He‘
PP-1 PP-1I PP-1I11
o 1013
=
12
g 10 pp [£ 0.6 %] E > 0.306 MeV
£ 10" E= 0.862 MeV
2 =0. e
= 10 7
10 Be [+ 7 %]
8 E= 1.44 MeV
& 10’ 190
pep [= 1.2 %]
10
10’
] E >3 MeV
10
10°
10
10°
10°
1 1 1 1 L 1 I 1 1 1 1 L 1 1 L I
10" 1 10

Neutrino Energy [MeV]




Ratio

Ling
Reactor Neutrino Oscillation

Near Detector.

06t
05 - 300m Far Detector KamLAND
= am
= 1.5km-2km
it — M ~200km
=, 03[
-V, = ~ 60km
S 0_2_1 | L ool L ||||||2
atmospheric 10 ! 10 1Igaseline(km)
LT PV, —7,) = 14sin’ 20,,sin’ A [+[cos® 6, sin® 26,, sin” A,
S E— Two different oscillation length scale: , L
) . AmZ, x2.4x10%eV? By = Amy o
© Am?, =7.6x 105 eV?
‘Daya Bay Flux Results in the Global Context|
1.2 R | ' ' 4 L | ' ' ' L |
N Reference Model: Huber (3 isotopes), Mueller (238U) i
1.0 L3 I
» }l I 1 1 ! -
i ¢t l t I l i |
= —e— Previous data -
0.8}— —=— Daya Bay _
| —— World Average _
| [ 1-0 Exp. Unc. _
1-6 Flux Unc.
L Previous Global: R = 0.943 +- 0.008 (exp.) — """ -
0.6 ol " " " gl " " 1 " ol
10 10° 10°

Flux uncertainties

Distance (m)

Largely Independent 6,; measurement

* Capture time: 30us (nGd) -> 200us(nH)
* Delayed E: 8MeV (nGd) -> 2.2 MeV (nH)
* More Energy leakage at boundary

Double Chooz (Rate+Spectra):
sin?20,, = 0.097 £ 0.034(stat) £ 0.034 (syst)
Phys. Lett. B723 (2013) 66-70

Daya Bay (Rate Only) :
sin?20,, = 0.083 £ 0.018
arXiv: 1406.6468

RENO (Rate Only) :

sin?20,, = 0.095 £ 0.015(stat) £ 0.025 (syst)
Neutrino 2014

Light Sterile Neutrino Search

T

>
v Iv By By 107
€ [ T s F arXiv: 1407. 7259
A% I :
4 |
1 _ =
.2
sine >0? ~ 102
14 % E Excluded
2 2 2 v F
Am =m -m L
a1 4 1 L
\% 3 |
3 10 3
[ — DayaBay95%C.L.
L — Daya Bay 95% CLs
2 E— I — Bugey-390% C.L.
e
10+ ol il L Lo
1 102 10 1

sin®20,



Long Base-line Neutrino Experiments Marino
P(v, — v,) ~ 1 —sin® 2093 - sin® (Am3,L/4F)

.
P(v, — ve) ~ sin® 26,3 - % -sin? (A — 1)Am2,L/AE)
AmZ¥(in din 2615 sin 20,5 sin 2053 cos § )
_ :AZEFISIH 12 illlzl _13;;1& 23 COSV13 i1 Asin (AA)sin ((1 — A)A)
31 :
A= BGAN (%/ hierarchy where A = Am2, L/AE
31

* Changes sign for anti-v. So positive d will decrease P (v, — v.) and
increase P(v, — ).

Phys Rev Lett 112 191801 (2014)
2.8 e v e ]
| MINOS v, disappearance + v, appearance | ' '
T2K Preliminary
o 6’_ 37.88 ki-yr atmospheric neutrinos _’
I ] “¢ ’F7" —— Normal Hierarchy
5 4’_ | < - —— Inverted Hierarchy
— 6 —— FC 90 % Ay? (NH)
S - FC 90 % Ay? (IH)
m | N | c
o’ 2.2 sk
o T S B
: I s E
o I Inverted hierarchy g 4:__. 90 % excluded (IH)=
D | - =
E 2.2¢ ] 1] [-0.080,1.091}x

T.1

N N
[e)] foS
I
!
n
;y!!l

— 68% C.L. A 1

: % Bost 7
P Bestiil — gom G , \
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Tornow

Neutrinoless (Ov[33) Double-Beta Decay

Hypothetical B8 decay mode allowed if neutrinos are Majorana
particles, i.e 7, =v;

e e
Lepton number violation

EY Vi _ Not allowed in SM
W W

(A, Z) ;“:«:‘ Nuclear Process }:: (AZ+2)

Phase space factor Nuclear matrix element
Lo “
o Ovpa0v 2y, 2
T = G| M7 |*|(mgag)]
1/2 \
/ 3
Decay half-life Effective Majorana neutrino mass: mgs = Zi-ﬁ- m;
i=1

MOv is not known; estimates vary by factor of ~2 depending on method

For mgg = 50 meV estimated half lives 102> - 1027 years ! depending on
the nuclear system

T.O’Donnell



Ovpp Decay Sensitivity to <mpp>

0vfp limits for: #Ca, 6Ge, 825e, 199Mo, 116Cd
128Te, 130T, 136e, 150Nd

Look into the Future

KamLLAND-Zen
Vg :SDL;_ a0 ]D_l
v B g 4 CUORE
B‘,u > 7
Arm. B - 5
v mm— 0 5 0 z SuperNEMO
£ Z
g
: o NEXT
107 &
E.
m 2
Vy EE— 55 2 SNO+
90% CL (1 dof)
o 07 g ; : . 1 76 -
V, Cmm— 9 10 10 10 10 1-tonne '°Ge Experiment
vy == =0 lightest neutrino mass in eV
F. Feruglio ef al.. hep-ph/020191 (2002).  jF wilkerson
KamLAND-Zen
. . . Phase 2
Half-Life Limits JE—
a T, 68
EXO: T,»> 1.1x 1025 yr (90% CL) 136Xe WIPP e e
Nature, 510, 229 (2014) / \\
& ~ \
KamLAND-Zen: T,,> 3.1 x 10%3 yr (90%CL) 136Xe Kamioka ? | W o
very preliminary / Zoriey D
ﬂr’\ a"‘.:{f’ .-'Jff I |\ Inner Balloon
SENi ¢ (3.08 m diamet r)
GERDA: Ty, >2.1x 10%yr (90% CL)  7Ge LNGS Xe-LS ,_]_L Jﬂ
PRL, 111, 122 (2013) . ) 383 kg EEEEa
GERDA combined with HDM and IGEX: T, ,> 3.0 x 10%° yr Xe loaded | ' i i ,rfw
H.V. Klapdor-Kleingrothaus et al., C.E. Aalseth et al.,
Eur. Phys. J. A 12, 147 (2001) Phys. Rev. D 65, 092007 (2002)

H.V. Klapdor-Kleinkrothaus ez al. T,,=1.19 x 102 yr  Phys. Lett. B 586, 198 (2004)



Add the eEDM - Levels Shift, Electron Spin Precesses Doyle

Electron Electric
Dipole Moment

0
a- — j }AE - ZdeEeﬁ
0

Ze -
— [Tﬁectjij;; . 232Th .
Electri L ’ o= _
E E Inside the Mofecue Hy=-d, Zeff]
eff eff
de de interacts with Toff
d e E[ectr}'c ﬁDiy?fe Moment o
b= _ e e of the Electron 10 N 11
de H de de Eeﬁ e Erati ~ 100 V/em feff 1011 V/cm
— Llectron

de = (2.1 & 3. 7ga & 2.555) X 10" e-cm

using Eeff = 84 GV/cm, calculated by Skripnikov, Petrov and Titov JCP (2013)
and Meyer and Bohn PRA (2008)




Tensions in the SM Description 7



Casey Muon Anomalous magnetic Moment

P IR

0 = [2 -5 (L+25)-Bly "
m m had.
2
2 @@= [10 |~
Brookhaven result e had
-2 0
2 . (g 5 ) (BNL)=10.00116592089(63) —
" WWWWWWNWW 0->4 ppm &{ Y
EmEM\/W\A/\/V\/V\N\M/\/V\/\/\f uncertainty
WVWVW\/W/\/\/\/WWVW 2) “
WNV\N\NW\/V\N\/\/\/\/\/ (g = (SM)=0.00116591802(49)
10 WWMVWW\M/VV\/WV\/\/ 0.42 ppm
méf\NVVWVVWV\A/\/W\WM uncertainty
C 2w wm m dlff=(287i80) 107
;_,2223’“ ~ % roof! b 2.5 ppm difference )
pm Y +H}irl i, m New Experiments
- s at FNAL
7MW Rrel® oo O e ws) confirmation and JPARC




Bernauer Proton Radius

The cross section:

with:

T

2

spatial distribution
(Breit frame)

AN
== = 1+2(1+7)Ton2—)
a4ms, (

Fourier-transform of Gg, Gy, —

Final result from flexible models




“Normal” Hydrogen Spectroscopy Muonic Hydrogen Spectroscopy Results

S ——om-—n—m— — ——
43
3S 3D
2S — 2P
25 —=
° Ensm—fp 4y
o Two transitions for two unknowns: up 2013 ¢ — ¢ electronavg.
o Rydberg constant R, ~
o 1S Lamb shift = radius . scatt. JLab
o Direct Lamb shift 25 — 2P up 2010 |- ———®—— scatt. Mainz
— e H spectroscopy
PR T N T N R TN S ST AN SN SN SO S N SO S N N1 T T N R S S R ST
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9
1S —— Lis=8171.626(4) + 1.5645 <I’g> MHz Proton charge radius R _ [fm]
251’2 ZPW T T T T T \
L O Pp experiment wrong?
25,,,=2P e
25, ,-2P, S | o internal consistency
15-25+25-45, , —_—— o 4 linewidths!
15T | * 0 ep experiments wrong
15-25+25-4P, .
15-25425-4p, . o Scattering AND H-spectroscopy wrong
15-25425-65,, - . : o Scattering: Many extractions agree, some don't.
15-25+25-6D,,, | o H-spectroscopy: most measurements from one group.
15-25+25-85, , e o Theory wrong?
15-25+25-8D, ——
15-25425-8D, e o Checked Throughly
15-25+25-120,, —| H 1, = 0.8779 + 0.0094 fm o But maybe framework is wrong?
18-25425120s \ i . | o Everybody is right?
15-25+15-35, , | X ! . L . 1 . 1

0.80 0.85 0.90 095 1.00 ‘ o New physics!

Proton charge radius (fm)



Test of Fundamental Properties



Lorentz Symmetry Violation

L=(ir o, -M

1
M =m+ ¢ -bys +5H‘“’0W

1
=yt ac™y, —d™y,ys+e +if'ys +— g™,

Measurement Type

oscillations

birefringence

resonant cavity

anomaly frequency

cyclotron frequency

hyperfine structure

clock comparison

torsion pend.

gamma-ray
astronomy

System
K (averaged)

K (sidereal)
D (averaged)
D (sidereal)

B (averaged)

neutrinos

photon

photon
e-le+
e- (sidereal)
mu/anti-mu
H-/anti-p
H (sidereal)
muonium (sid.)
various
He-Xe
spin-polarized
solid

e- /photons

Coefficients

a(d, s)

a(d, s)
a (u, c)
a (u, c)

a (d, b)
a, b, c,d

k, (CPT odd)
k. (CPT even)
k. (CPT even)
b (e)
b, c, d (e)
b (mu)
c(e,p)
b, d (e, p)
b, d (mu)
b, ¢, d (e, p, n)
b, d (n)

b, d (e)

¢ d(e)

log Sensitivity

—19 to —26

—43
—32to —37

—22 to —30
—32

—29

—15 to —20

Source

E773
Kostelecky

KTeV
FOCUS
FOCUS

BaBar, BELLE,
DELPHI, OPAL

SuperK
Kostelecky, Mewes

Carroll, Field, Jackiw
Kostelecky, Mewes
Muller et al.
Dehmelt et al.
Mittleman et al.
Bluhm, Kostelecky, Lane
Gabrielse et al.
Walsworth et al.
Hughes et al.
Kostelecky, Lane

Bear et al.
Cane et al.

Heckel et al.
Hou et al.

Altschul

Altschul

Mass Diff. g0 _ g

Synchrotron Emission Bounds

Neglecting higher order corrections, the
maximum electron velocity in a directioa

v<1—cjkejek —Cpj€;

is:



New States of Matter

Heavy lon Collisions



Sickles

Heavy lon
Collisions

each event is unique

nucleon distributions for 3 single collisions (xy-plane)

not just vo describing cos2®, but va:

dN
ddh

n
—— 14 20, cosn (¢ —Y¥,)

state of the art hydrodynamic calculations

* large v2 = viscosity is small

2,112
Vn*)

0.2

0.15

0.1

0.05

RHIC: n/s = 1.5/ 4n

0.2
vy == RHIC 200GeV, 30%—40%
vy, = | filled: STAR prelim.
Vg == open: PHENIX R 0.15
n/s =0.12
..... . i z/\c 0.1
P ] =
e o]
o o ,."..X--
B S S 0.05
. -y 4
e etV o W= ae¥ T
0 0.5 1 1.5 2 0

ATLAS 10%—20%, EP

LHC: n/s=2.5/4n




Maire II.2 - PP pA, AA : defining some notions...

2 N
1. - p, spectra : L d"N f(pr)

N, dprdy - To be measured
in pp, pA, AA
2. - Yields : I/N,, dNIdy )
1/NL) d*N*ldp,d
3.-R, (p;) = ( ep‘;) T Pr ) “1 x (Pb-Pb) # n x (pp) ?" ...
<Ncoll> (I/Nevt) d N /dedy
Notes : — R,, =1, nothing special in AA ..

e.g. direct photons, W#, Z°

— R,, > 1, enhancement in the AA system
e.g. strange baryons A, Z, Q at low momenta (p, < 3 GeV/c)

— R,, <1, suppression in the AA system
eg. h*,m, K, p, A, D, J/y at mid/high p, (p, > 3-5 GeVic)

III.A.1 — Open charm : incl. D+D’, from 0 p., by STAR

D°(1.865 GeV/c?) — K- T

|Y| <1 ,e’o‘ ETAR Au+Au 200 GeV MinBias g400—”°“”" 0c P;‘ 3 Gevie
‘FFQ,W 0<p <8GeVie | v b N =138
0< p; < 6 GeV/c ‘% Iyl <1, 0-80% .’5.300 o
@B sl . ent (SE)| £ [
2010, 2011 pp, Au-Au s, = 200 GeV £ " mneven v | £
. . | -~ SE-ME [x 200] 3 2001
no Silicon tracker, just TPC and TOF... 8 o™ 10
sl | 100- &
2 Bl ; " T ] : Y
40-80% () 10-40% (b) 0 T: o S 0 Wm;f q;;w m""'.o
=T El *EE 1 05 10 15 20 25 30 18 19 20
(LRI S R 4 R T - -
it ' I ' 'S STAR, http://arxiv.org/abs/1404.6185
3]
Llo;_i 0 L L L !
0 2 4 3 0 2 4 &6
S 2 STARAwAU—D’ + X @ 200 GoV Central 0-10% —
= [ e data © 1 .
g b i ;ﬁggﬁw 1 » e Suppression for p (D% >2.5 GeVic
3 Tl Tebeg s T Dukowshad. 1] e R, >1forp (D%~ 1.5 GeVic
2 = Duke w/o shad g AA T
= Dukewioshad. ]
= 1
5 C
@ L
3 05[]
3 o507
ol 3 i + 1 RUES
p. (GeV/c) Antonin MAIRE@cern.ch — IPHC Strasbourg / PIC 2014
n



Higgs Physics



Chang

xsec values from: https:/twiki.cern.ch/twiki/bin/view/L HCPhysics/CERNYellowReportPageAt8TeV

Ototal = 22 pb

1 Fg:]>-H
. 99F ,

gluon-fusion

1 T
2. V=13 -- H
- q_l/_,.r"\q

vector boson fusion

H
3. K Z)Jf.;iV

WH/ZH production

t
gt-
. P

ttH production

- ggF
/ Acggr=3 pb (15%)

87%

0BG-01-5f08q
=
I
3
N

Acver= 60 fb (4%)

VBF W&
VH 5%

1% rest
(incl. ttH)

These are extra
handles for Higgs

Relative production cross-section
of 125 GeV Higgs at 8 TeV

Mass measurement

123 124 125 126 127 [GeV]

20 difference H—

Yy
/T ——e—— 125.98 +0.425 + 0289

H—ZZ
—

arXiv:1406.3827

124.51 + 0.52stat + 0.06syst

Comb.
F——e—— 125.36 + 0.37stat + 0.18syst

125.03 + 0.27stat + 0.14syst p—e—o

‘ CMS i Comb.

b 16odifference o | 4956+ 0.4t £ 0,250
= the other way

CMS-PAS-HIG-14-009 H—-Z77

arXiv:1312.5353

arXiv:1407.0558 ——eo—— 124.70 + 0.31stat + 0.15syst

H—yy

Some tension between measurements but
overall in agreement around ~125 GeV

Disclaimer: data points generated by
spreadsheet software for visualization purpose

Higgs Boson

BR values from: https:/twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR3 m
Branching ratio of Higgs of 125 GeV a. H--
w
my =125 GeV T
w o,
o 21% b. H--
5 9% T
zZ
o, -
57%\ H 6% . H-
/ Z
1% rest 0P s ¥

02%y) —  d.

These channels have clean or ' b
manageable backgrounds

Indirect Higgs width measurement
SM prediction: T'y = 4.1 MeV

at My =125.5 GeV

New physics can alter I'y hence
important quantity to measure!

Gon-shell coupling constants

e

l "//@%j do' Cg
, Qi ~
‘{}L Mz (M2 — M)+ MPT 2

Z+jets, tthar

500
m,, [GeV]

600

arXiv:1405.3455

& idth
H narrow wi
éo arXiv:1408.5191 | approx. W'She"
Ooff-shell ] Cg
— Oon-shell ~ —=— Goff-shell ~ Cg
] u arXiv:1307.4935
< ] Ooff-shell
N | ] ~Tn
S | ] Oon-shell
N | ] ‘
‘ E cms )

ATLAS-CONF-2014-042

95% CL

I'n<5.4TgM

I'n<4.8 '™




Chang
Production and Decay Channels

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

_I 10: LINNLENL L N I ‘ T T T ‘ T T T T T T TTTTTTT B
£ o CMS — Observed E
< _f Preliminary ----Exp.for SMH |
N 8y g
. . 7E =
Dissecting by decay channels @j 6 , E
2. E K ]
| 5F : E
!CMS | CMS-PAS-HIG-14-009 % 4; 1 CMS-PAS-
= 197167 (8 TeV) + 5.1 1b" (7 TeV) my = 125.5 GeV ATLAS-CONF-2014-009 3 . Best fit 4 HIG-14-009
Combined CMS m,=125GeV | Combined E=7TeV Lt =448 1" Fod +0.63 1
w=1.00+0.13 Preliminary u= 1_30*_’2'13 E:BTeIVdet:ZO.a‘fb" 2? ‘.‘ 1’25—0.45 E
: 1 :
H — bb tagged W,ZH — bb : SR E
u=0.93=0.49 u= 02+O7 O’ Ll S T R B R B A
. -06 % l O 2 3 4 /5 6
H—rrt d — 1T (8 TeV data only) :
ui‘oi?‘i’%.zy — w= 1_42-‘5; 1 x pLVBF,VH pLggH,ttH
H— yy tagged - H— vy
=113 0.24 . =1570% : : {
' W MM e — * Combined ATLAS-CONF-2014-009 ¥
e b M e o _ 4 4107 -0V - @mow
" 029 : M ggF st " -051s=7TeV [Ldt= 4648 1b"
H— 2z tagged H—22" -4l +0.40 ]
w=1.00=0.29 L I L M=1-44_0'35 1 | |
o5 (1) 15 -05 0 05(1)15 2 ; Bestiit 55
aanXBry Signalstrength —: : '
HALX=——— bun __ 9l9 gth (1) i : 1 .4tgg
OANXBIX 1oy XE {yy, 22, WW, bb, 7z} S
. o . 15
Good agreement with Standard Model prediction é N P B
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o
T~

Events / bin

10

Fermionic Decay Channels

Pozdnyakov

H - tt, S/B plots

Event distributions in bins of signal to
background ratio are shown

AL LR B NN B B
= —e— Data =
E_‘_|+ [ ] Background (u=1.9) E
. P Background (u=0)
= - H(125)>tt (u=1.4)  —
- H(125)—1 (u=1) .
- Hott ﬁt 5
— ATLAS Preliminary 7. E
- [Lot-2031"
- 1s=8TeV .
s e Vot i e et i s e e WO MO =
-3 -2 -1 0 1

Events

7 TeV, 19.7 fb"' at 8 TeV
SM H(125 GeV)—>tr |

e Data - background 1

[Z7] Bkg. uncertainty |

CMS, 4.9 fb™ at
10® T

1 SM H(125 GeV)—
( T a0

-o- Observed

M o-jet B L,
1-jet 0 LL

B VBF tag

lom a1 . P\



Are there New Particle/Forces at the Weak Scale ?

New Physics Searches



™ Submitted to JHEP (arXiv:1408.3316)

University of .

urich~  heavy neutral Higgs: @—=TT O .1\ o conr2014.049
Physik-Institut S
CMS hHa-w CMS hHa-w

19.7 fb" (8 TeV) + 4.9 fb " (7 TeV) 19.7 fb' (8 TeV) + 4.9 fb" (7 TeV)
1 1 Ll 1

bt} 3° 5

@_ 1 I 1 1 1 I 1 1 I 1 1 I 1 |‘l @_ L] I 1 1 1 I 1 1 I 1 L] I Ll 'tl Ll
% CL(MSSM,SM)<0.05: % CL(MSSM,SM)<0.05:
e P e
50 — Observed & 50 — Observed
----- Expected ," ----- Expected

40

30

20

10

t 1o Expected
t 2¢ Expected

MW~ 12613 GeV |

LSS S S S S A S A S S

SM m™ scenario -

400

600 800

m, [GeV]

40

30

20

10

* 1o Expected
+ 20 Expected

777, miPSSM£ 12513 GeV |

MSSM m™"* scenario -

I I

400

600 800 1000

m, [GeV]

interpretation in several scenarios taking Higgs @ 125 GeV into account



University of
Zurich™

Physik-Institut

hh — bbyy: selection similar to SM
Higgs analyses

mass constraint (CMS)/mass window
(ATLAS) on bb candidate using
known H(125) mass

suppress SM continuum

ATLAS: search also for non-resonant
hh production

observe 2.40 excess compatible e.g. with a
type | 2HDM

resonant searches do not show
deviation from SM expectations

ATLAS range up to 500 GeV
CMS 260-400 and 400-1100 GeV

exclude radions with m < 970 GeV
exclude RS1 KK-graviton from 340-400 GeV

heavy H — hh — bbyy

o, x BR(X—hh) [pb]

a(pp — X) x BR(X — HH — yybb) (fb)

™ CMS-PAS-HIG-13-032
¥ arXiv:1406.5053 (submitted to PRL)

TTT [T T T T[T T T T T [T T T [TTTT[TT
I [ I N N N

L e B A
ATLAS

Jidt=2010"at Vs =8 Tev
—a— Observed 95% CL Limit
2l Expected Limit +1o
- Expected Limit +20
v TYPE | 2HDM:
tanp=1, cos(p-a)=-0.05

LI 1
SR

1 Il\Hl“H\‘\H\‘HH‘HH‘HH‘HH

10?

10

10

102

.I....F"‘v....l....l....
300 350 400 450 500

my [GeV]
CMS Preliminary L=19.7 fb' Vs=8TeV

WED: kl = 35, k/Mpl = 0.1, elementary top, no r/H mixing
— radion (Ag =3 TeV)
— radion (Ap =1 TeV)
---- RS1 KK-graviton
-=-= Bulk KK-graviton

---e--- Observed 95% upper limit
Expected 95% upper limit
Expected limit = 10
Expected limit + 2 ¢

S : ..“u
5 .
Ol b el

| | |

hiT3 lllllllll L1l L1l llllll
300 400 500 600 700 800 900 1000 1100
my (GeV)



University of

zurich ~ lepton flavour violating Higgs CMS-PAS-

Physik-Institut

. - .. -1
CMS preliminary 19.7 fb™" Vs = 8 TeV CMS preliminary 19.7 fb", s =8 TeV

M_Chad, OJetS 1 1 H 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

2.35% (exp.) - ® Observed - E‘

2.94% (obs.) B % Expected N >_

uT 1 Jet c o —_

2.10% (exp.) - - Xpected = 1o

2.11% (obs) | D Expected=20 |
we o 2 Jets

h
1.95% (exp.) - °

3.29% (obs.)
ut_, 0 Jets

1.32% (exp.) .0

2.04% (obs.)
ut, 1 Jet

1.66% (exp.) -

2.38% (obs.)
ut, 2 Jets

3.84% (obs.)

h—ut
0.75% (exp.) I ®
1.57% (obs.)

| %0k>HE -

0 2 4 6 8 10 10 1
95% CL Limit on Br(h—uz), % Y |




Gecse
Supersymmetry Searches

Summary of Stop (No Chargino in Decays)

Tt production, tT—t )”(?/ C )”(?

tf, production, i b %)/t c ¥, A» Wb ¥, /1—t%  Status: ICHEP 2014

200

100¢

100
L, =4.7f"

; 500_[ T T 71 I T T 1T 7T I T T 7T I | I T T 1T 71 I T T 7T I T L ;‘700_][[11]1 III]YI TI]III 'ITI]I ]ITI]] IIII]17_
o 4 o

@ - ATLAS Prelimina =201b" 15=8 TeV =47 1s=7 TeV - a

(.2. 450 ity v oL:‘;uos 122) olln;moe 1447) — % N CMS Pre"minary Observed i

— i ‘ ]

s - == 5-»(2‘ 1L [1407.0583] 1L [1208.2590] . g 600 _\Ig - 8 Tev ]

e - EEot i° » 2L [1403,4853) 20 [1209.4186] 3 £ - - . Expected ]

4001— [ W}g 7, 1L[1407.0583], 2L [1403,4853] 4 o "ICHEP 2014 7

- EStl-c oL [1407.0608) - n = . B

ssob. =51 4 o s oeomn 1 (1407055 = 500} — SUS13011 1ep (MVA) 195 15" .

= = | == SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb™' ]

~ = Observed limits ==== Expected limits 3 -~ we SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™ .

300 AN Nmits at 95% CL = 400 |- = SUS-13-009 (monojet stop) 19.7 1" (T c 7, ) -

o Ny - | = SUS-13-015 (hadronic stop) 19.4 fb™' i

250 — “ — . N

L - L ¢a\. .

- S 7 e . 300 7 -

200 — A RS _AalT . =] : ‘6\ ) :

150 A - _

E i

IIIIII[IEJ

200 300 400 500 600 700 600 700 800
m;, [GeV] stop mass [GeV]




Gecse
Scenarios with Decoupled Sleptons

® Natural scenarios
® Sensitivity up to ~400 GeV charginos and heavy neutralinos

® 2l +2j covers scenarios with large mass gap, while 3L has sensitivity for most of the parameter
space

® Dbest sensitivity from statistical combination of results from various searches

( S‘ 350 :' LR I L ] LA | I LI ',[F,',‘ T I LB LI ] LR SI‘J;YT T 1-
= w— Observed limit (10, ") -
8 [ ATLAS = st Rakwl ) -
300 - DS Expected limit (21 0,,;) ]
- ~ [Ldt=2031", s=8 Tev 2L observed limit .
 Vor 20 )20 5020 8
- %Z % 3L observed limit .
250 — M =My All limits at 95% CL —
"~ 3L+2L combined v » ]
C S PN ]
200 5 o ]
" QA S - ]

- L 6\5\ ...................... ] ?3

150 [~ R 4 2

N 1 2

L 4 &

L 4 @
===+ WZ madgiated (175,00) 100 "__ —_
weee T mediated (638 &3) C -I _
50 L -

TR . =

> / o Ll 1l 1 I L ALl L l Ll 1 1 l Ll 1l 1 I Ll 1 1 l LAL 1 lll Lt I Ll 1 1 g 15} + P s & t
50700 150 200 250 300 350 400 100 150 200 250 300 350 400 450G 500 g o;?*r’v‘- -*— %
G vl :
Meros (GeV] mi:x,[ eVl 0920 40 60 80 100 120 140 160 180 200

arXiv:1402.7029 ' E™ (navn



Gecse

Higgs Boson as Probe for EWK SUSY

q

S

q

P

~
~

P * h \Yb
b

® Very challenging due to low BR of the Higgs into lepton final states, and high background
when Higgs decays into b-quarks

\s =8 TeV L=19.5fb"’

I | |
95% CL CLs NLO Exclusions
— Observed *bmrv

= = = Expected 10, men

llll]]llllll

_ __cus
3 1of i,
E»z 120f- % = H,
1m;i*wﬁ
sof-
eof—
405— .'
20

lllllll

I_
-+
%)
O
+
=
N
S

L Vi Yo s e L

W

250 300 350 400

arXiv:1405.7570 "‘,-c;=m,-(: [GeV]

Zoltan Gecse (UBC)

10°

10°

95% CL upper limit on cross section (fb)

LSP mass [GeV]

5(20-32: production

900 | L ] L I L l LI L l L l L I L A
- B 8 s mmmm =0~ - :
800 CMS Preliminary % X, = MLYW 2.
- (s=8TeV Rh @MW)
C 1OL — 0% (1,.BF(I'T)=05)
700;|CHEP 2014 X, X, (. BF('T)=05)
n — %% (LBrIT)=1) 3
- o Sl .
600 — SUS-13-006 19.5 fb™ %%y () -
L % % (e, BF(I'1)=1) .
- oo SUS-14-002 19.5 fb™ o R .
- &Mt —
500: — Observed @,-:,.-:1 A B
r O Y .
400 [ === Expected &g -
r '_."‘.'3"4\ .
300 -
100/ : -
P = 1 N;‘“i’; -V:'l ": 11 1 I 11 1 1 I‘\l\ | - l 1 1 1 I 11 1 :
fo0 200 300 400 500 600 700 800 23

neutralino mass = chargino mass [GeV]
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INULVELLS ) A 1UU.U)/(ULLL WIULLL)

Maruyama

BR(LQ > charged lepton plus quark) = B

Scalar Leptoquarks (1/2)

1st gen LQ =2 evqq or eeqq

— - B I ]
25: C]:MS Preliminary — fam’Ml ZZ;J) Gev,p =0075 ]
- \rs:=8TeV St 7+ jets —
20__ . #5454 1T (from Data) 7
| #4888 Other backgrounds B
B QCD multijets 7
15 . =
- eejj channel |
10 B=0.075 -
5 S g —
' S ]
B ) e i
QJ 500 1000 1500 2000
S; (GeV) [LQ M = 650 selection, before cut]
[0 B L A ]
C CMIS Preliminary — ?amh; 9:;;?) GeV,p =0075
]2? \r§§=8TeV — W+ jets t
L ' == _
o 342# Other backgrounds -
1 0 - &‘D multijgels ]
g evjj channel -
6 =
- -
2:_ £ _:
F o e T B .
Q) 500 1000 1500 20 2500

S; (GeV) [LQ M = 650 selection, before cut]

3500

3000

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1~

= CMS eejj + evjj (Obs.)
«ox CMS eejj + evjj (Exp.)
— CMS evjj (Obs.)
--- CMS evjj (Exp.)
— CMS eejj (Obs.)
--- CMS eejj (Exp.)

CMS Preliminary s =8 TeV 19.6 fb!

:__!___ |||| L B T ] T 7 ]
=y =
- More data seen for E
- M, =650 selection .
;_ 95% CL limits ;

| T

600 800 1000

1200
M (GeV)



Events / 5 GeV

Pull
DR Lo W
T I T T

200

180

160

140

120

100

CMS Preliminary

19.4 b (8 TeV)

¢ Data
—Fit

- FS

- DY

- Signal

II|III|‘I~

_____
e .

suoyde |esusn 4S

2
mS8 = m,. —m
Ll X2 X1
Central = Forward
Drell-Yan 158+23 71+15
Flav. Sym. [OF] 2270 +44 745+25
Rsp/OF 1.03 1.02
Signal events 126 +41 22420
mS98° [ GeV] 78.7 + 1.4

Local Significance [¢]

24




Behr

Boosted Signatures (1)

@ Boosted means transverse momentum 2 2 times mass
@ Decay products collimated in direction of mother particle

@ Angular separation AR(a, b)* for products of boosted decay X — a b

Rule of thumb
AR(a, b) ~ 2m* /p%¥

ATLAS-CONF-2012-065

IIIIIIIIIIIIIIIIIIIIIIIIIII S ﬁ 4__"““I""I""I“\"‘\"'I"
& 22 = ATLAS Simulation 200
= 2 ATLAS Simulation 200 5= 35 A 180
= F oo ~r PythiaZ'— i, t — Wb
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<1 16} 160 i 140
14 140 25 120
12[ 120 2F 100
1 100 1 55_ 80
0.8 80 o 60
058 60 LS 40
0.4f 40 o5 20
o2 " Q560 500 300 400 500 600 760 500 °
Cooial 1 il 1 il il il
G0 100200300400500600 700 800 900 0 pY [GeV]
p; [GeV] T
ATLAS CMS
@ HEPTopTagger (moderate pr) @ CMS Top Tagger
@ Top Template Tagger (high p7) @ Combination with 1¢+jets chan-
nel in [CMS-B2G-13-001]
o) T T T T T T T _ 10 CMS Preliminary, (s =8 TeV, 196 fb" —— .
’% - —— Obs. 95% CL upper limit _| ) T T T 3
= +eusenns Exp. 95% CL upper limit = 1% Width 2° - i
1 I Exp. 16 uncertainty = s I it B
N Exp. 2 G uncertainty i) 1B . 1o ?
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E L .
3102 i E
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Dark Matter



Ogburn

Heawy Elements
0.03%

All the data agree to amazing
precision with the concordance
cosmological model known as
“ACDM”. Just six parameters
needed to fit the CMB data.

Angular scale
90° 1% 1° 0.2°

Free Hydrogen
and Heluam:

4%

Dark Enorgy:
T0%

Figure: NASA

2 10 50 500 1000 1500 2000 2500

Multinala mameant ¢



It can collide with a single nucleus in your detector

recoiling
nucleus

Underground detector % : i also GoGeNT

XENON, LUX | DarkSide




, , McKinse
Direct Dark Matter Detection 4

10-48»

l 10-5

[e—
<
o)}

o CRESST Su Petcoygg?,\:‘\—l

-
-
-

% \

|

)
1077

7 -8
Neutrinos 3 10
' VI o NN e N 10-9
100eV rms iORYaTio - 10-10
50 eV rms phopons R, St
, e e 10-11
®B solar neutrinos8 T ' -t 10-12
o™ O e and®NSurface rejection 1
MosoRTER pmose® demonstrafed £6"
I . . <0.6 evt/ Fl4
1 10 100 1000 o

Cylindrical Surface rejection still needs to

WIMP Mass [GCV/CZ] be satisfactorily demonstrated

WIMP-nucleon cross section [pb]



Lees-Rosier

Galactic Halo Fermi LAT Interpretation

Dark Matter density distribution Gamma spectrum - M;;,,,=250 GeV
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Positron Fraction
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Dark Matter origin of positron fraction rise

If 100% WIMP DM origin: different masses are tested
Mathieu BOUDAUD et al, LAPTh and LAPP
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The “GZK Cutoff”

D’Urso

The proton energy threshold for pion photoproduction on the
CMB is a few x 10° eV. E.g.,

p+ Y(27K —=A* = p+mn°, n+x*, ..

1. Any observed CR proton above this energy must
have originated “nearby” (within ~ 100 Mpc)

2. Similar thresholds, distances for nuclear
10 photodisintegration.

3. Spectrum suppressed if non-local sources
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Observation of High-Energy Astrophysical Neutrinos in Three Years of IceCube Data

Seunarine

Added one more year of data and 8 new
events

Reject purely background hypothesis at 5.7 o

The data are consistent with expectations for
equal fluxes of all three neutrino flavors

And with isotropic arrival directions,

suggesting either numerous or spatially
extended sources
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S BICEP2 B-mode Power Spectrum

~ B-mode power spectrum
___ temporal split jackknife
— - lensed-ACDM

r=0.2
B-mode power spectrum estimated directly

from Q&U maps, including map
/y based “purification” to avoid E->B mixing
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Tests of inflation
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Adiabatic perturbations
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Gerdes

Current Dark Energy Constraints from
Supernovae, CMB, and Large-scale

Structure
Assuming constant w Assuming w=w,+w,_(1-a)
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Consistent with vacuum energy (A): wy=-1, w,=0

Dark Energy Survey will provide a detailed study of DE properties



Many possible Extensions of the Standard Model
Physics Explanations have different properties.

Is this bad ?



Reasons for Proposal and Later
Solutions to 4 Puzzles  (1932)

1) Klein Paradox --apparent violation of unitarity
(solution:positron existence- pair production

possible)

2) Wrong Statistics in Nuclei--N-14 nucleus
appeared to be bosonic--(solution: neutron not a
proton-electron bound state)

3) Beta Ray Emission-apparent Energy non
conservation (solution:neutrino)

4) Energy Generation in Stars (solution: nuclear
forces, pep chain, carbon cycle etc.----pion)




The Near Future

The current decade will see the full development of the LHC program, which
will provide detailed information of physics at the TeV scale.

Origin of fermion and gauge boson masses (electroweak symmetry breaking
dynamics) expected to be revealed by these experiments. Higgs Discovery is
the first step.

Missing energy signatures at the LHC may reveal one or more dark matter
candidates. Direct and indirect detection experiments will reach maturity, and
may lead to additional evidence of Dark Matter. Dark Energy equation of state
may be determined.

Tevatron, LHC, LHCb and super B-factories will provide accurate information
on flavor physics, leading to complementary information on new physics.



The Near Future

@ Search for charged lepton number violation, g-2 of the muon and neutrino-less
double beta decay experiments could shed light on the nature of neutrinos, and
new dynamics at the TeV scale.

€ Neutrino oscillation experiments lead to the observation of CP-violation or,
indirectly, to the existence of additional sterile neutrinos.

@ Electric dipole moments may reveal the existence of new CP-

violating sources, perhaps connected to baryogenesis at the weak
scale.

The next 10 to 20 years can mark the beginning of a genuine new era in physics,
similar to the one that led to the successful SMs of particle physics and
cosmology, which arguably started about 100 years ago.

Stay Tuned for PIC 2015 !









