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EPS HEP 2013

m Beautiful venue, fantastic weather, perfect organization
THANK YOU!

m Large attendance (>750 participants), very broad
scientific program, a lot of excellent presentations
given by young colleagues



One year with a Higgs...

Volume 712, Issue 3, 6 June 2012 ISSN 0370-2693 In praise of charter schools
The Britain's banking scandal spreads
E C 0 no mi s t Volkswagen overtakes the rest
A power struggle at the Vatican
JLY TIW- 139 2012 Eczoseint com When Lonesome George met Nora

A glant lea p for

ted Events / 1.5 GeV

S/(S+B) Weigh

2
?
;,,

o ' .
m_bFé/V] ’ ’ . ¥ ' P Finding the
" e b e 3 Higgs boson

http://wwiw.elsevier.com/locate/physletb




A productive year...

ATLAS: . CMS:

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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Phys. Lett. B 716 (Discovery)

arXiv:1307.1432 Sub. Phys. Lett. B (Spin)
arXiv:1307.1427 Sub. Phys. Lett. B (Couplings)
ATLAS-CONF 2013-040 (Spin)

ATLAS-CONF 2013-029 (yy) &
ATLAS-CONF 2013-031 (WW?*) —

v ATLAS-CONF 2013-013 (2Z*) -

ATLAS-CONF-2013-079 (VH—>bb) -
ATLAS-CONF-2013-072 (H->yy diff. o) -
ATLAS-PHYS-PUB 2012-001/002 (HL-LHC) -

http://cms.web.cern.ch/org/cms-papers-and-results

Phys. Lett. B 716 (Discovery)
arXiv:1212.6639 — Phys. Rev. Lett. 110
(2Z*, Spin)

CSM-PAS-HIG-13-016 (Properties yy)
CMS-PAS-HIG-13-018 (ZH->Z-invisible)
CMS-PAS-HIG-13-005 (Couplings)
CMS-PAS-HIG-13-012 (H - bb)
CMS-PAS-HIG-13-001 (yy)
CMS-PAS-HIG-13-002 (ZZ*, Spin)
CMS-PAS-HIG-13-003 (WW*)

CDF + DO: — CMS-PAS-HIG-13-004 (tT)
http://tevnphwg.fnal.gov/ — CMS-NOTE-2012-006 (HL-LHC)
— arXiv:1207.6436 — Phys. Rev. Lett 109 * LHC-XS Higgs wg:
(EVidence Hébb) http://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
— arXiv:1303.6346 — Subm. Phys. Rev. D _J\ﬁ/% arXiv:1307.1347 ( . 5, BR
(Combination — Couplings) {;;:{ and coupling and spin/CP-fit models)

5/22/13

DO note 6387-CONF (Spin 2+ studies)

material form excellent parallel session talks ! F. Cerutti
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Happy Birthday,

+ It’s been a great year for the Higgses (both Peter
and the Boson)!

+ Long journey in one year:

® Established the existence of new particle beyond any
doubts (LHC+Tevatron)

® Mass measured to 0.50% precision, i.e. better than
top (or any other) quark mass! (ATLAS+CMS)

® ltis a 0** boson responsible for EWSB, as evident
from its relative couplings to W/Z vs. y (ATLAS+CMS)

® Established couplings to the third-generation
fermions (CMS+Tevatron)

® Nearly excluded negative couplings to fermions
(CMS)

® Big 5 — big 6: thanks to ttH (bb, yy, and t7)

CMS PAS HIG-13-005

Significance (my = 125.7 GeV)
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100 ATIAS PO e rtev 448 Combination | Expected (pre-fit) | Expected (post-fit) | Observed
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The signal Strength u
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* Combined u => Best accuracy but no strong physics motivation:
— ATLAS (yy, WW* and zz*)
— CMS (yy, tt, bb, WW* and 2Z*)
— TEVATRON (bb, vy, TT, WW*)

Compatible with SM Higgs boson expectation: Accuracy ~ 15%

5/22/13

Tevatron Run I, L, = 10 fb”

m,=125 GeV/c®

[ Combined (68% C.L)
—l— Single channel

L1111
5 6 7 8 9 10

Best Fit (o x Br)/SM

-
3 4

u=(1.33%+0.20) (1.23%0.18 including bb and t7)

u = (0.80 + 0.14)
u = (1.44 * 0.60)

F. Cerutti LBNL - EPS-HEP Stockolm 2013




Couplings Overview

fs=7TeV,L<51f" ys=8TeV,L<196 "

ATLAS Total uncertainty
CMS Preliminary il 68% CL m,, = 1255 GeV + 1o + 26
' =—95% CL R m
KV *l *y vl I" 7
! : ; N
K, - moiili - l\_ S | —— 14
.E pSM:O_37 | _\J._ _ —”'”5"-.%. /:
Mz e pe, = 041 | Poy=12% | il
x : - Model: x vvvvvv : /L —: e AN
e vl ¢ :
du ' Pe,, = 0.39 Aeys Kyy
)\ : sm —f pFE ¥y '|P§A=_1%O/6]_ AAAAAAA ] — 1]
- Model: = P
I R : : A /
g ; Pey = 0:49 Nzhz g — \IN,
Kg - : s = Tpaﬂ:ie%_l_ ..... _\"I A :: -
KY *l o : ; ll"»._ f N
: pSM:023 Model: | ST | T T\ e
BR P =041 o 5 ?
BSMT—— =0. z 5 ‘. [z
1 1 1 I L1 1 1 I 1 1 1 I L1 1 1 IS’I‘ 11 1 P =14%'(Y ' ' \ '_
0O 05 1 15 2 25 B R ———
parameter value E=7TeV Lot 4648 " Parameter value
s=8TeV [Ldt=207 " Combined H — yy, ZZ*, WW*

* Different Sectors of the New Boson Couplings tested: Pg,,>12%
All compatible with SM Higgs expectations

5/22/13 F. Cerutti LBNL - EPS-HEP Stockolm 2013 20



Preparing the future: ttH

+ CMS combined results: fsoj
® u<3.4 (2.7 expected) [ —
+ Would improve even more when additional g 305

channels are added and combined with ATLAS
(once the analysis is updated)

+ Closing on the SM Higgs boson sensitivity!

® Soon to become the 6th of the “big” channels
and can be moved into “visible” category of my talk!
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my (GeV) ttH(yy) 8 TeV result: p < 5.3 (6.4 exp.)




Higgs coupling fits: test of unitarity

c=cr=cy=9/2c, T

7&8 TeV LHC & Tevatron data PN
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Christophe Grojean The scalar sector of the SM and beyond IS EPS-HEP, 22 July 2013



Higgs coupling fits: test of unitarity

don't leave it in the hands of theorists!

CMS Prelminary

is=7TeV,L<5.1fb" ys =8 TeV,L< 196 1L’

E o SM nggs o Fermuophoblc u] Bkg only
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The scalar sector of the SM and beyond IS

EPS-HEP, 227 Juby 2013




MSSM Higgs Searches

BROWN

+ Most recent results on the H/A(tr), including the new LHCDb search
exploiting t’s in the forward region

+ Also, limits on charged Higgs from top decays in tv (ATLAS+CMS)

and cs (ATLAS) channels and search for NMSSM h — a%° — 4p
(CMS, DO), 4y (ATLAS) and a1 — 2u (ATLAS & CMS), as well as

Y(1S,2S) — a% — tty, uuy (BaBar, Belle); and ggy, and ssy (BaBar)

ATLAS-CONF-2012-094

lIII|IIII|IIIIIIIIIIIIIIlIlIIlIIlIIIII
ATLAS Preliminary

CMS PAS HIG-12-050 LHCb Collaboration

arXiv:1304.2591

CMS Preliminary, /s = 7+8 TeV, L = 17 fb’
— T T T T T T
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In full transition from this....




...to that




Preparing for the marathon

Need:
m Better theoretical tools

m Keep pushing precision measurements of
the SM parameters



The NLO revolution

Why NLO?

» Accurate Theoretical Predictions

shape and normalization
first error estimate

» Large Corrections : check PT Higgs
» Opening of new channels

» Effect of extra radiation
jet algorithm dependence

Amazing progress in the last few years

Large multiplicities relevant for LHC

» Improved techniques for loop

» High level of automation tallc by Zvi Bern

Standard Model Theory for Collider Physics

.—,@

Experimenter’s wish-list

Comanenes

Process (V & [Z.W.7])
re ~

P since Les Houches 2005

Lpp =V Vit

2 pp - Higgsi2jess

AppaV VY

4.ppatthd

S.pp - Valps

W W jes complesed by DittmalerKallweit/Uwer [4,5]
Campbell EllisZanderighi [6).
Z Zjes completed by
Bino@yGleisberg Karg Kaver' Sangusetti [7]
NLO QCD 1o the gy chansel

by C / g [B].

NLO QCD+EW 10 the VBF chansel

compieted by Ciccolind/ DenserDitmaier [9, 10]

ZZZ completed by LazopoulosMelaikov Petriello [11]
204 WWZ by Hankele Zeppeateld [12]

(see also BinodyOssola/Papadopoulos/Pittaa [13])

redevane for (M computed by
BredensteinDeaner’ DittmssenPozzonnd [14,15]
pakon/ Papadopod os PimawWorek [16]

from Les Houches 2005

6. pp - tha2)ets

TppaVVH,

edevant for VBF = H - VV
VBF coatribations calculated by
(Boazi/)\RigerOlean Zeppenfedd [20-22]

22)]

4 channel calculased by Golem

10p padr prodection, Varkoes new physcs signatues
10, new phiysies sigaaties
vanous new physics sl gnatures

Calculations beyond NLO addad in 2007

13 gg — WeW+0O(a%])
14 NNLOpp — 12
15 NNLO o VBF and Z/p+jes

dffects

16 NNLO QCDeNLO EW for W/Z

Daniel de Florian




» Final goal: Really automatic NLO calculations zero cost for humans

* Specify the process (input card)
* Input parameters
* Define final cuts

» Automatic NLO calculation “conceptually” solved

*in a few years a number of codes (among others)

Blackhat+Sherpa GoSam + Sherpa/MadGraph
MadLoop+MadFKS CutTools OpenlLoops+Sherpa

v compete on precision, flexibility, speed, stability, ...

v many features : uncertainties, ...

Best solution still to emerge, but not more NLO wish-list, do it yourself!

» Individual calculations still relevant! v open the way to new methods

-_'@ Standard Model Theory for Collider Physics Daniel de Florian Il



NNLO the new frontier

» Some measurements to few percent accuracy
v eTe  — 3jets
e p—(2+1)jets
O(a?)
v pp—=V y

Match experimental accuracy
Extract accurate information

pp — jets partial
pp — V + jets
v pp—tt

» Some processes with still (potentially) large NNLO corrections
v pp— H

—
‘/ bp R meaningful comparison
pp N VV solid estimate of uncertainties

pp — H + jets  partial

Keep Theorists employed after all the automatic machinery at NLO...

@ Standard Model Theory for Collider Physics Daniel de Florian
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Global electroweak fit
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Jan Stark EPS HEP, Stockholm, 22 July 2013



W boson mass

80-60 T l T L | l T T T I LI T l

- experimental errors 68% CL:

LEP2/Tevatron: today
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M,, [GeV]
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St
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SM, MSSM L

In the context of the standard model,
the mass of the new boson
discovered by ATLAS+CMS

is inside this blue band.

Heinemeyer, Hollik, Stockinger, Weiglein(Zeune "12 )
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Comparison of indirect constraints on the
Standard Model Higgs boson

and the direct measurements of the mass of
the new boson discovered by ATLAS and CMS:
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Consistent at the 1.3 o level.

Jan Stark

EPS HEP, Stockholm, 22 July 2013 15



W boson mass

Current state of the art:

Mass of the W Boson
Measurement M,, [MeV]
CDF 1988-1995 (107 pb™) -—:—0—~ 80432+ 79
DO 1992-1995 (95 pb™) ———@——— 80478:863
CDF 2002-2007 (2.2 fb’") -0- 80387 = 19
DO 2002-2009 (1.01b" +4.3 fb")'-.f- 80376 = 23
Tevatron 2012 -0- 80387 = 16
LEP —0— 80376 = 33
World average -0- 80385= 15
80200 80400 80600

My [MeV]

D@:

CDF:

LHC:

Projections:

analyse full data set
significantly extend eta coverage
=> 15 MeV uncertainty
(not including improvements in PDFs)

analyse full dataset

=> 10 MeV uncertainty
(including improvements in PDFs;
which are expected from
measurements of W charge asymmetry)

10 MeV to 5 MeV, ultimately

Current measurements of boson P rapidity spectra

W charge asymmetry,
W+c jet (c.f. QCD plenary on Wednesday), ...
are critical steps toward this goal.

The next “quantum leap” in precision could come from
a machine like e.g. TLEP (0.5 MeV uncertainty).

Jan Stark

EPS HEP, Stockholm, 22 July 2013 16
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Top Quar

k Mass

e Tevatron still provides the best mass
measurement, with an uncertainty of 0.5%.

e Best single LHC measurement (from CMS)

reaches 0.6%.

e Updated LHC mass combination in progress.
— Harmonise systematic tfreatment e.g.

generator modeling.

Mass of the Top Quark

March 2013
COF-ldilegion —— ©

CODF=Il track

COF=ll MET+Jets * -

Tevatron combination * -1

arXiv:1305.3929 |(hep-ex)
| | | |

02+ dilepion - 16340 £12262¢+ 1200+ 0
COFll dlepton > 7S5 £370 (2548
DH | dilepton ATH00 4278 (A
CDF-| lepton+jets 1TBA0£735 (8 00N
D3H leptan+jets 1810531 (20347
COF-Il leptonsjets ITEEG 1, | o
D@2+ lepton+jets 17494 1,49 (M 3¢
CDF| alljets 185300 £11,51 ¢4 10004 530
COF-Il alljets |

(* preliminary)
18740 #1414 2100 wan

ITEAT L2807 (2142 A
16590 45 (#5000 290
TREE 485 mex
17320 +0G7 (021071

ekt & gw
f.ual-nsn 1 .,trlm;.

150 160 170 180 190 200
m,, (GeV/c?)
: ——— ATLAS m,,, summary - July 2013, L =205 " - 4.7 fo’ (*Preliminary)
- ATLAS 2011, all jets* oo et
CMS 2010, dilepton - 175.50 + 4 so + 4.52 GaV COw e, 1, a2068" 1749 + 21 + 38
JHEP O [2011) 0&8, L-36 pbs" (value = stat + myst
——— ATLAS 2011, ljots*
CMS 2011, dileplon 17250 + 0.43 + 1.48 GaV om0, L-.:: a i3 17231£023+027+067+135
EPJC 72 |2012) 2202, L=50 f&" (vals = 5181 + syst)
—— ATLAS 2011, dilepton,
CMS 2011, lepton+|ets 173.49+40.27 £ 1.03 GeV COPOBT, L ea78 " & o=t 17300+ 0.64 +1.50
JHEP 12 |2012) 105, L=5.0 it (VAo = 9161 + syst) tue Ay F +apet
CMS 2011 all-jets . B 173.49 + 0.69 + 121 GaV CMS Average Seplamber 2012 oo st mcarsinty
Submitted 1o EJPC, L=3.54 & & (vale = stat  zy=t) 173.36 % 0.8y + 0.9 soramm stat © JSF © bISF uncersainty
o — lotsl uncertminty
CMS combination 173.54 + 0,33 + 0.96 GeV Tovatron Averago May 2013 HOH
Subratted 10 EJPC, upto L=50 " (VAo = 3161 + syst) 17320+ 0.5 £ 0.71 sgrgmme
L ‘ ) I o S - ! | ! L ATLAS Preliminary
165 170 175 180 185 L1 ] 1 | 1 1 1 ] | |
rnt [GeV] 155 160 165 170 175 180 185 190 185
m,, [GeV]
SARA STRANDBERG, STOCKHOLM UNIVERSITY P15 EPSHEP 2013, STOCKHOLM, JuLy 22, 2013
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Lepton Forward-Backward Asymmetry

At . measurement requires full reconstruction of ¢ system.
Alternative method based on y of

lepton from leptonic W decay.

AL _ N(qeye > 0) — N(qeye < 0)
o N(qug > 0) + N(qeye < O)

A% ~ 0.5- A%, if no t polarization.

Can also use events with jets ouf

of acceptance (3-jet bin).

CDF: A%, = 0.09475-052

—0.029

DO: A%, = 0.047 £ 0.023(stat) 10 01) (syst)

—0.014

CDF result approximately 20
above SM prediction.

¢ DO measurement consistent with

SM (and CDF) within errors.

lep
B

—— POWHEG 4 £+)ets Data
Uncertainties:

— Fit A(qy,)
+1c(stat. +sys.) M +1o(stat.)
CDF Run Il Preliminary JC =9.4/fb

0.3

0.2t

0.1

CDF Note 10975

~04.5 02 0.4 08 10 12

0.6
1y,

Forward-Backward Lepton Asymmetry, %

DO preliminary, 9.7tb™
Production Level

K jets, 22 b tags

" 3jets, 1btag

H——e—A
>4 jets, 1 b tag

L

=4 jets, =2 b tags

H—e—y ¥YNDF:82/3

inclusive (with eyst)
S.Frixione and B.R. Webber,
I :’HEIP “i’ o? (2f”2)l 1 1 1 l 1 1 1 1 I 1
-10 0 10 20
DO note 6394-CONF

SARA STRANDBERG, STOCKHOLM UNIVERSITY

P20

EPSHEP 2013, StockHOLM, JuLy 22, 2013



The AdS/CFT correspondence

N = 4 Super Yang-Mills theory Superstrings on AdSs x S°

strong coupling (semi-)classical strings
nonperturbative physics or supergravity
very difficult ‘easy’
weak coupling highly quantum regime
‘easy’ very difficult

» New ways of looking at nonperturbative gauge theory physics...
» Intricate links with General Relativity...

» Has been extended to many other cases

R. Janik, Z. Bern

3/20



Jets in Pb+Pb collisions

. — . . i LI I | I L I LI I | L
Jet cross section suppressed, Ry frachc;r;gfé)h\(/)/tons with N-of ATLAS Preliminary -
dependence on centrality: Jet partner evic = [ Pb+Pbys, =276 TeV .
T B 1.0 Data 2011 ]
1.8 — —— C 1-= [ 4 ]

1.6 PbPb VSTN 276TeV  Bayesian e 0.0 -A(q?) 7. 1 o i L= 0.15nb™
E_ ILdt 129 p.b Inl<2 Uncorrstc«ztlstu:al_E . - w8 . ] e O 9 _—' I::l —-
14 E —e— 100<p ' (GeVic) < 110 = 0 8:— Y_Jet _ i 8 D l:] -
12— 5 100< pj °! (GeVic) < 300 Total systematics T ] B ® N
T g B 34 = t ] i ]
% oalt JeEog® oo o °7  o0.8F .
0.6 . " = 0.6 - - + -
0.4 __CMS Preliminary - _f ® . | + i

- - - o 4

0.2 - Anti-k, Particle Flow Jets R=0.3 - 05 + - 07 B . 7
0: . . . . . ! . . ! : El M " " l " " " 1 " " " [‘ " ‘E i Z-Jet ]
0 700 flOO 300 400 0 100 200 /Goo 40 i ]
par @ Noar 0.6~ Antik, Jet R=0.4 -
Less jet partners 1 '1(')6 ' 2('30 ' 3(')0 L1

found above threshold N Y

R ANjeiz /dpr ANjeis /dp1 ~20% of photons | | Per

YAA = PP = PP P ncreasing energy loss
(Neon) dNjer /dpr - (Taa) d7j /dpT0q0 their jet partner

vs. centrality

CMS PAS HIN-12-004 PLB 718 (2013) 773 ATLAS-CONF-2012-119



ALICE

< 1.47

c

1.2F
Higher J/psi yields 1
in Pb-Pb collisions at s
the LHCwrt RHIC, at |
0.6}

mugh higher energy
densities!

Described by
(re)generation
models: abundancex
of quasi-thermalized
charm in the
deconfined medium
produces NEW J/psi‘s

J/psi in Pb-Pb and p-Pb

|1 ALICE

PRELIMINARY

ALICE Preliminary, Pb-Pb 5, = 2.76 TeV, L, = 70 ub"
Inclusive Jiy, 2.5<y<4, 0<p,<8 GeV/c global sys.—+ 14%
PHENIX (PRC 84 (2011) 054912), Au-AU {5 = 0.2 TeV
Inclusive Jiy. 1.2<y<2.2,p >0 GeV/c  global sys.=+9.2%

_;

I )

-

ol

gﬁﬁ

NI\

W ALICE, 25<y<4,p >0
—— Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)

| ALICE #2#2 Transport Model (X. Zhao & al., NPA 859 (2011) 114)
| PREUIMINARYZ23Z Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)

|lllll Shadowing+comovers+racombination (E. Ferreiro, priv.comm.)

do, /dy=0.25 mb

do,, /dy=0.15 mb

100 150 200 250

g g
-
_llllllllllllIllllllllllllIlllllllllllll
50 100 150 200 250 300 350 400
(N
z
ALICE Praliminary, Pb-Pb |'3NN =276TeV,L =70 pb" Q:Q- 1 4

0.4

0.2

NEW !!!

Now measured also in p-Pb
collisions, to disentangle
initial state effects, from

cold nuclear matter

P-Pb |s,, = 5.02 TeV, Inclusive J/y—u'w’, p >0 %

— L = 4.9 nb™, L,

Forward y PRELIMINARY

= 5.5 nb™
ackward y

T

- EEPSOO NLO (Vogt, arXiv:1301.3395 and priv.comm.)
| PICGC (Fuji et al., arXiv:1304.2221)

__ = ElLoss with qn=0.075 GeV?/fm (Arleo et al., arXiv:1212.0434)
|- == EPS09 NLO + ELoss with qn=0.055 GeV?/fm (Arleo et al., arXiv:1212.0434)
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Jets in p+Pb collisions

. . C ® Pb {s=5.02 TeV
Charged jets: ratio of p;-spectra _ 0% — nsasiesie No visible
. ©0.25F 4+ PYTHIA - -
IN p+Pb and p+p s E¢F[|n|>4]>4o GeV ] d|'Jet
© - = 3 .
l i .7z= 1 imbalance
E015F compared to p
B - —e— ALICE charged jets p-Pb 5.02 TeV - 7
e | anti-k, jets R=0.4, ||<0.5 ] 0.05F 7 ?% 2/4 i/// Z
- Reference: Scaled pp jets 7 TeV 1
1.5 ——— Systematic uncertainty ] 0 02 04 06 08 S PAS HINAA3.001
pT,Z/pT.1
L : P ECNS Brotiminaly | o wed moeer ]
[ Glauber | oronee® ] 0.7 ;— prI L dt=18.48 nb" 20 Gev < EYF" < 25 GeV—;
L ] 0.6 o anti-k (PFlow) R=0.3 ©  25GeV<Er "™<30 GeV -
Note: Systematic uncertainties ALICE T E Ab. > 2n/3 3grﬁ::SET " < 40 GeVE
highly correlated PRELIMINARY ] 5| 5 050 1'2> 120 30c vj E; 14> 40 Gev .
o a0 e 80 100 2le b e §
Prjo (GEV/0) R o™ ok E
| T2 osf ot RN =
. . . - . C < ook ]
Consistent with unity: no strong modification of N p “o  Pb i
charged jets in cold nuclear matter, no strong N S ¥ >
influence of nPDF. | %gof | | | &, g
02 1 o 1““’;%4%3
ndijet
However, di-jet n distribution is strongly shifting vs. “centrality”
n



Long-range correlations: Pb+Pb, p+Pb, p+p

Pb+Pb 2.76 TeV

EPJC 72 (2012) 2012

50-60%
centrality

p+Pb 5.02 TeV

CMS pPb \[s, = 5.02 TeV, N, "™ > 110
1<p,<3GeVic PLB 718 (2013) 795

(b)

p+p 7 TeV

(d) N>110, 1.OGeVlc<pT<3.OGeVIc

JHEP 09 (2010) 091
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Looking for BSM effects

m ...with searches
m ....with precision measurements

m ...with rare (and reliably predicted) decays




BSM: we have searched....
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...and exotics

ATLAS Exotics Searches”

- 95% CL Lower Limits (Status: May 2013)

T T T T T7TI71 T TTTT T T T7TTrrT
Large ED [ADD) : moncjet 05, b3 M, (6=2)
Large ED (ADO) : monepheton +E, ., M, {52} ATLAS
e Largs ED (ADD) ; diphoton & diepton, m,_ ., M, (HLZ §=3, NLO) B
8 uso diphoton + E, ., rediminary
= J2_ED : diepton, m, M, ~-R"
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et Bulk RS : ZZ resonance, m,, Grantlon mass (KM, = 1.0} Lor={1-20)1b
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waéfm.‘ E&eou‘we SW
The LHC leaves us with the deepest mathematical pb:

Dissertori, ECFA ’'13

o -0 = 7
7 \ |

number of already number of general state of (our)
performed BSM significant/ mind (?)
searches interesting/exciting

deviations from
SM predictions

Understanding the scalar sector of the SM
will help us grasping what lays beyond the SM

Christophe Grojean The scalar sector of the SM and éeyom/ EPS-HEP, 22 July 2013



SUSY health

¢ The experiments have already explored a very vast Soo anas oo

range of masses and parameters i f ]

’ . acof ;_,"r‘: as /// i

¢ Though, too early to declare SUSY" s death, since 3

there remain important parameter regions to be

explored, and because , ;

P ANIIISINIL Y. SRS )

+ Difficult or impossible to give “absolute” limits, L
since basically always assumptions involved N T

¢+ limits quickly degrade or disappear when raising
m(LSP) beyond several hundreds of GeV

¢+ inclusive searches often assume degenerate 1st
and 2nd generation squarks. Limits decrease (by

several hundreds of GeV) if this is given up 3 ]
. " g . EQ":— oo EE.EE%EEE;?::&E!Hm s
+ simplified models make strong assumptions on o

branching ratios, masses of intermediate states a
¢+ theory uncertainties (cross sections/scales/pdfs, . oA
initial state radiation) b .
Y . . Qoo <80 200 330 '500 380" 405" 480" 500 550" ‘a0
L\LRNY Dissertori, Krakov 2012 m =05m,_+05m, My = M- [GeV]




Parton luminosities

from http://www.hep.phv.cam.ac.uk’~lvVFsm§/%Fc;t's.ﬁr)n$ lty ratio
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( for a fixed mass scale '

Dissertori, Krakov 2012

G. Rolandi, private comm.




Flavour Physics

Direct CP violation in B decays

Measurement of CKM angle y

CP violation in B mixing

Tensionin B — D™) 7.
B lifetimes

(Very) rare B decays

Charm physics

Production & spectroscopy

24
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Flavour

Summary of V,,;,

Access to Vj,, via inclusive semileptonic

decays, exclusive semileptonic decays Ve
or fit to CKM triangle (sin 2/3)
L e e "“"ﬁ o
I M R g -
[ BLNP [ HFAG world average S — — 5 = N,
§2) T E. >2.0GeV, 5™ < 3.5CeV? _ L + | Wes
S 9 L Batacgeanscey’ 0Z0Z———(jN . _ 5. / 15
8 B DGE [ HFAG world average S - ol | Mz
= 3{ [ E, >20GeV,sf™ < 35GeV? —_— N - o1
a Q | E. > 1.9GeV,s"™ < 3.5GeV? _— ] T X
o = Rt psietodiiiatiliaditiadly © ey - oo 3
“ ADFR | HFAG world average . T ]
m | E.>20GeV, s < 35GeV?  —p— N ICHEP 2012
\ | B> 1.9GeV, s < 3.5GeV? ——o— ]
Boxly [~ HFAGworld average——o——— . BELLE result
& [Plh-. Rev. D B0, 002004 (2012)] e e— ) On BR(B+ _) TV)
‘3"? Botv [ HFAGworld average —  ——— B — (PRL 110 131801)
) CKMFitter | —o— ] - o
3 UTFit | —o— ] : I
[t [ 155 205355 20¢%splissmlesamlessyp] ol '
2 2.5 3 3.5 4 4.5 5 € 1
3 g + 1.
IV Ix10 &, s
plot from talk from F. Bernlocher ub ; i ™
% o1
N

— tensions decreased with recent data

@ Stephanie Hansmann-Menzemer 15



Quest for B?s) —

90% C.L. Upper Limits

L ) T T T T T T T T T T T T T T T T 3

LHCb: Phys Rev Lett 110 (2013) 021801 (2.1 fo— 1) £ * nco €
T 10'5 ¢ cms

CMS: J. High Energy Phys 04 (2012) 033 (5.0 fb— 1) @’ X e 3

-6

ATLAS: ATLAS-CONF-2013-076 (5.0 fb— 1) g 1 .-, e =

CDF: Phys. Rev. D 87, 072003 (2013) (9.7 fb— 1) 107 - . —"‘":’”"’" 1

DO: Phys. Rev. D87 07.2006 (2013) (10.4 fb—1) 10° N !

g L4 3

0-0 1 1 1 L L L L 1 1 1 1 1 1 1 1 L 1
1 Togg 200, 200, 2004 <2005 2095 201, mygmzr.,

CC: two central muons

CF: one forward muon
= oignal region evenis

[ Control region events
BY —up SMx5
— Background estimate

W

et

Events /25 MeV

.3
2
&,
8
g
3

o N & a o °

4500 5000 5200 5400 “SE00 * 5630

. MeV]

S22 200 S8 G222 L0 SMN 52 M@0 Sew M2 @0 Sen

M, (MeVic?)

95% CL:
BR(Bs — putpu~)<31x 1078

95% CL:
BR(Bs — ptpu~)<15x 108

BR(Bs = ptpu~)<15x 1078

Stephanie Hansmann-Menzemer 24



Updated Results

arXiv:1307.5024

> 213301

(i

expected sensitivity: 3.7 — 5.0 0

» more variables in BDT

16 | — — T
- Full PDF 1
14 Combinatarial LHCb =
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12F n“_..,+,.— B
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g0 0,—,+

— wipT ok
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8F =
6F ]
4F 3
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BR(Bs — ptu~)=(29 71 5(stat) T3 (syst)) x 10~9
— 40
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— 200
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» cut base selection — BDT

» new & improved variables (PID)
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expected sensitivity: 4.8 o
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arXiv:1307.5025
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Combined LHCb + CMS Result

Observation:

BR(Bs — putpu™)=(29+0.7) x 107

BR(B® — ptp~) =369 x 10710

N - 1
DO 10.4fb { CDF 10 . Y
CDF 10fb”' |- b {
ATLAS 4.91b " , LHCb 3fb™ = - {
peeliminary N
LHCh 3y = -1
CMS 251b ' = I - {
=SM
CMS 2507 |-
R CMS+LHCh | . .
LMIS_*I_J"IU" - preliminary f o
prefinmary e e | T R PR BT PP BT TP AR BT P NPT B 1 o P PR SR TE  SAr
0o 2 4 6 8§ 10 12 14 16 18 20 22 0 | 2 4 S 6 7
BB W) [107) BB - w107

LHCb-CONF-2013-012, CMS-PAS-BPH-13-007
Stephanie Hansmann-Menzemer 26



Charged Lepton Flavor
and Dipole Moments

K.Kirch, ETH Zurich - PSl Villigen, CH
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Epeam [GEV] The 1.4 MW ring cyclotron at PSI
ETH Klaus Kirch EPS HEP, July 24, 2013 =
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cLFV Searches: Current Situation

10°
The present best = A Marclano Mori, Roney
limits on LFV ol - Annu, Rev. Nucl. Parc. Sci. 2008. 58:315-41 |
come from PSI »
i A
muon experiments 5, | & |
ut — etee 5 ool % ﬁﬁ‘ |
BR<1x10-12 =2 [‘ A
(&) i ; .
SINDRUM 1988 & 109 i ot 1 i
uw+Au —>e +Au & . T
BR<7x10-13 107 | ;,Lii AI" o0 A y
SINDRUM 11 2006 A UN—=eN &4a™ n
W > e 4y 10F @ T—=uy C A g
— A 1—3
BR<5.7 x 10-13 {14 ’ Ay
MEG 2013 1940 1960 M/@ & /. e
[90 % C.L.] SINDRU Year
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Mu3e Experiment at PSI /@/

Experiment:

» Search for LFV decay: y — eee

» Single event sensitivity better than 10-16
» Muon rate >10° per second

» 100 electron tracks within 50ns

e e
X ¥ O
\\ Z ;"/ ( T
. AR € ,_
\‘-‘\_‘ N \ R T T [/ i “.‘:-
A-4 e i / ¢ 77 "-‘ Lo .
Research Proposal: ili - | il
 apXiv301.6113 o all silicon HV-MAPS silicon detector
I arrrrrrrrrrreeng .
ot s Detector Requirements:
E pBeam Target $ .
— » good momentum resolution (B=1T)
Scnlawing fees TITTTTITITTTLTIT]

» good vertex resolution (— accidentals )
» good timing resolution (— accidentals )

" Outer poeel Layers

Courtesy: A. Schoening



Belle-1l and LHCb upgrade

| _\:itivity directly confronts New Physics models of CLFV

Time-

Time.

Chere
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Direct Detection of WIMPs: Principle

» Elastic collisions with nuclei in ultra-low background detectors

= Energy of recoiling nucleus: few keV to tens of keV/

Astrophysics

«
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Particle physics

Nn = number of target nuclei in a detector

Pg = local density of the dark matter in the Milky Way

my En,

f(v) = WIMP velocity distribution in lab frame 1 ’lllill s [

Y, .)
My, = WIMP-mass 2} ] Ii-

O =cross section for WIMP-nucleus elastic scattering L E Ba u d |S




Astrophysics

, Velocity distribution of WIMPs in the galaxy
Density map of the dark matter halo

rho =[0.1, 0.3, 1.0, 3.0] GeV cm-3

Halo restframe Earth restframe

High-resolution cosmological simulation with M. Kuhlen st al, JCAPO2 (2010) 030

baryons: F.S. Ling et al, JCAP02 (2010) 012

=  From cosmological simulations of galaxy formation:

: ¥ e R st atassen departures from the simplest case of a Maxwell-
Phalo ~ 0.3 GeV - em Boltzmann distribution
=> WIMP flux on Earth: = However, a simple MB distribution is a good

~10% cm2s-1 (Mo=100 GeV) approximation, and yields conservative results




Particle physics

» SUSY: scattering cross sections on nucleons down to ~ 10-* cm?(10'2 pb)

= Here example in CMSSM, after LHC 5/fb, XENON100 and Bs->pp

CMSSM

MasterCode, O.Buchmueller et al
EurPhys.J. C72 (2012) 2243

~ 1 event kg year

~ 1 event ton! year!

L. Baudis




The world wide wimp search
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New results from CDMS-Si

arXi1v:1304.4279v2 [hep-ex] 4 May 2013
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Normalized Timing

S 6 7 809010 15
WIMP Mass [GeV/c?]

140 kg d exposure
3 events detected, 0.7 expected

likelihood analysis: 0.19% probability for known background-only hypothesis
best fit: 8.6 GeV, 1.9 x 10-*2 cm2

Analysis ongoing of low-threshold run (CDMS-lite) at Soudan with one Ge detector




Projections: Cryogenic Experiments

Texono: 1 kg Ge, En=500 eV

Projected WIMP sensitvity for
SuperCDMS- Soudan after 3 calendar
years (Spring 2015).
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Noble liquid recent results:
spin-independent cross section

XENON100: Phys. Rev. Lett. 109 (2012) XMASS: Phys. Lett. B 719 (2013)

XENON100 (2012)
+d limit (90% CL)
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Room temperature scintillators

= Nal: DAMA/LIBRA 250 kg at LNGS; time variation in the event rate with: T = 1 yr,
phase = June 2+7 days, A = 0.018 events/(kg keV day)

= Csl: KIMS 103.4 kg at Yangyang laboratory; ER vs. NR discrimination based on time
structure of events; does not confirm DAMA/LIBRA in an annual modulation search

= Nal: ANAIS, 250 kg, under construction at LSC; DM-Ice, proposed 250 kg at the
South Pole

Spin-independent
(WIMP-nucleon)

Section [pb)
5 S 3 o

Kims ANM_
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WIMP search evolution in time

I I I I

L. B., Physics of the Dark
Universe 1, 94 (2012) “
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About a factor of 10 every 2 years!
Can we keep this rate of progress”?
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y-ray lines Fermi LAT data YN

43 Months of Fermi public data
T.Bringmann et al [arXiv:1203.1312] C. Weniger arXiv:1204.2797v2

Reg3 (SOURCE), E. =120.4 GeV

T T

50 ‘Signal Ycounts: 68.7 (4.59'rJJ ' I80..‘; - 208’) G(‘%Vl -
Reg3 p-value=0.51, x2, =20.1/21
Einasto or >40 |
«';:; 30 |- local significace
ST
20 - -
10 - . -
~ [} BT il ..... .]: . } } :
A S’ 10 - :{ .
. =
|~-1.5 ¢, b~Qo : oF I}II IIII:{III I}'IIIIII'}
200 pc from the GC 3 -10F ]
- L | . N | |
100 150 200
E [GeV]
Target region : reg3 surrounding the If Dark Matter=> Br(yy)=3-4%
Galactic center |
Optimizing s/b in the energy 1-20 GeV , xX = yy(vZ) : M, = 130(144) GeV
for variety DM profiles < ov>=13(3.1) 1027 em3s~ 1

S. Rosier-Lees 17



v-ray lines - Fermi LAT ou slide suivant

Fermi LAT, 4 years Fermi LAT, 4 years
* Nnew processing, * new processing, new analysis
* new Regions of Interests (including « In the Galactic Center (4°x4°)
Galactic Plane )
No significant line structure found Line-like feature near 135 GeV (3.35 o)
Fit Significarce vs Energy from fits in all ROIs
o UG . RS JORUEL WL ML N N - 50 e G
M E<134.860 GoV "N =16300s /14240 GC RO
35 ol N=182 3751330 ! "0 POF"
I'=249+043%c1) ;)

b 251 / l

-
g"' Preimnary ']\
m L Wl

2.0

Local Fit Significance (~)

-
=]

—
(8 2]

0.¢

Energy (Gev) -~

=> systematics studies on going (limb earth control)

A publication expected in one year
B.Anderson, EPS-HEP parallel session 18



Positron fraction : measurement comparison

Positron fraction
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CMB power spectrum (Planck 2013)

7000 e

- f Planck TT spectrum ]
6000 [ : 1
5000 [ :
4000 : .
3000 [ : ]

2000 [ + E .

L | ]
1000 ?ﬁ\ 1, -
T et v 4

500 F : 200
250 £ | ([t ; W\A 100
: ! 11k . _ ,

o | o -!. ] < '8 o

ARG BRGTRR R v
250 fi | | ‘H Hll y + ~100
~500 ' / —200
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D= (+1)C,/2m [uk?]

AD, [/U'Kz]

output of Planck likelihood - foregrounds subtracted
Hybrid method : map based ML (low £) / pseudo-spectra (high £) of masked raw maps
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Summary of cosmology as measured using CMB

+ BAO

The 6 parameter ACDM is a good fit!
lower Hg , larger Qm ¢l

Flat universe : 100Qx = —-0.1+0.6 (95% c.l.)
Ness =3.36+0.34; *my < 0.66 (95

dark energy : w=-1.13+0.24 (95% c.l.),
compatible with A

© 606 606 ¢
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G B £ B

s 6§ 8
- 14

L
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|
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@ good agreement with BBN
@ large angular scale ~ 20 “anomaly” T
@ ns: =0.96 at more than 50, no evidence for

running, limit on tensor modes

dngdink

BN Planck+WP
B Planck-+WP-+highl

o ", 1 |mem Planck+wp+BAO
' I Natral Inflation

Power Law Inflation

SB SUSY
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Tensor-to-Scalar Ratio (r)

0CO 005 010 015 020 0%

L

i T "-‘ i\
1 | !
Vs ol 1 &
Vxé * wsf (3 1 1‘
ST

0.936 0.944 0.952 0.960 0.968 0.976 0.984 0.992 1.000
Primordial Tik (n,) [N

Planck 2013 results. XVI. (parameters) & XXII. (inflation constraints) - and others!

O. Perdereau mz Observational Cosmology

" — N L
@ omz omm 0i: A o o o a e
N

EPS-HEP 23/07/2013

25/ 36



hot in the press'!

Detection of B-mode Polarization in the Cosmic Microwave Background
with Data from the South Pole Telescope

D. Hanson,'! S. Hoover,>* A. Crites,>* P. A. R. Ade,” K. A. Aird.® J. E. Austermann,” J. A. Beall ®

H. C. Chiang,*** H-M. Cho,*7 A. Conley,” T. M. Crawford,** T. de Haan.®! M. A. Dobbs,! W. Everett,’
J. Gallicchio,? J. Gao.,® E. M. George,"* N. W. Halverson,” ' N. Harrington,'* J. W. Henning,”
G. C. Hilton,® G. P. Holder," W. L. Holzapfel,'! J. D. Hrubes.® N. Huang.'* J. Hubmayr,® K. D. Irwin.*®
R. Keisler,? L. Knox,'® A. T. Lee,** E. Leitch,>* D. Li,® C. Liang.** D. Luong-Van,? G. Marsden,'”

J. J. McMahon,'® J. Mehl,>'2 S. S. Meyer,% %31 L. Mocanu,>* T. E. Montroy,'? T. Natoli,>® J. P. Nibarger,®
V. Novosad,? S. Padin,’? C. Pryke,?! C. L. Reichardt,* J. E. Ruhl,* B. R. Saliwanchik,!” J. T. Sayre,*?
K. K. Schaffer,? ?? B. Schulz.!"2% G. Smecher," A. A. Stark.?! K. Story,>? C. Tucker,” K. Vanderlinde,! 2726
J. D. Vieira,'" M. P. Viero,'” G. Wang,'”? V. Yefremenko,'*?" Q. Zahn,?” and M. Zemcov!'® !

! Department of Physics, McGill University, Montreal, QC, Canada H3A 2T8
“Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL, USA 60637
“Enrico Fermi Institute, University of Chicago, Chicago, IL, USA 60637
‘ Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL, USA 60637
®School of Physics and Astronomy, Cardiff University, CF24 3YB, UK
? University of Chicago, Chicago, IL, USA 60637
"CASA, Department of Astrophysical and Planetary Sciences, University of Colorado. 389 UCB, Boulder, CO, USA 80309
®National Institute of Standards and Technology, Boulder, CO, USA 80305
Y Department of Physies, University of Chicago, Chicago, IL, USA 60637
""California Institute of Technology, Pasadena, CA, USA 91125
! Jet Propulsion Laboratory., Pasadena, CA, USA 91109
"“High Energy Physics Division, Argonne National Laboratory, Argonne, IL, USA 60439

19School of Mathematics, Statistics ¢4 Computer Science, University of KwaZulu-Natal, Durban, South Africa
14 Namantsan amt of Rhaindan Modaomaitsr of Malifamnia Reowlialase A4 meaA arvyan

oh.CO] 22 Jul 2013
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Paths for the future (1) : Wide field boulevard

@ main motivation : dark energy properties

@ wide field instruments needed to seach for rare
events (SN), observe many objects (imagery :
weak lensing, LSS/P(k), spectro. : BAO )

@ several on-going projects : KIDS
(lensing,10xCFHTLens), BOSS,...

@ starting : DES (3 deg2 camera @@ 4m CTIO tel.,
5000 deg2 for weak lensing & LSS, SN), ...

@ eBOSS/ MS-Desi (2014-20187?) : SDSS-IV
BOSS-like spectrograph (same telescope or KPNO
4m)

@ further up the road :

» LSST : 8m telescope, camera with 3.5deg
fov (3.10%pix read in 2s) camera; SN,
weak-lensing, BAO (photo-z)

» Euclid : ESA space mission, visible imager +
near-IR imager+spectro; weak-lensing &
LSS/BAO

O. Perdereau t/_/d ‘ Observational Cosmology EPS-HEP 23/07/2013 26/ 36



Paths for the future (Il) : B modes avenue

10t

...
<%
T

...
<
;

@ CMB polarization : E & B modes ol

@ B modes generated by primordial GW (inflation o ,
probe!) '° " ,L,iik, oo

@ challenging : very low amplitude, large angular R i
scale (foregrounds)

Power 8i+1)/(27) C, (uK¥)

@ many projects on-going or coming soon :

» space : Planck 2014!

» ground : QUIET, BICEP (1,2,3), Keck array,
SPTpol, ACTpol, POLARBEAR, QUBIC,
groundBird, ...

» balloons : EBEX, SPIDER, PIPER, ...

» intense detector & techniques R&D

» longer term future : space missions (PIXIE
(NASA), LiteBird (JAXA), CORE/PRISM (ESA))

0. Perdereau /1 /" Observational Cosmology EPS-HEP 23/07/2013 27/ 36



... and many crossroads!

PRELIMINARY constraints on MSSM/MSugra parameters using :
LHC data, Planck (left) / WMAP (right) 2, measurements &
direct searches (Xenonl100)

4000 5 4000
& &
p—A -~ -
2 3000 2 3000

2000+ 2000

1000 1000

off 0
-1000 -1000 = i
2000 2000 PR S, s Sl SELS
! -4 I - ~ < o .
; <, £ 4 ~

5000 itter 3000 & b .o"?lltel

R P e TN :
oW oA T N T R R 0 4000 e oA s TN B ST TS AR 0
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mi/2 [GeV] ml/2 [GeV]

S. Henrot-Versillé & SFitter team, in preparation

LIL
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Reactor neutrinos

SU+n—> X, +X,+2n

Direct detection of neutrinos(50°’s)

OSCillation: 10.000 ———s l S— }
= Early searches(70’s-90’s):
v Reines, ILL, Bugey, ... Palo Verde,

1000

205 . . . "
U™ fission vield (%)

Chooz 0.100 } / \ /, .
= Determination of 0,,(90°s-00’s): om0 | / \_J/ \
Y M ." ................ |

(001
70 830 90 100 110 120 130 140 130 160

= Discovery of 0,5 (00°s-10’s): : ) M e A
v" Daya Bay, Double Chooz, RENO

Magnetic moments(90’s-00’s):
= Texono, MUNU.,...

Mass hierarchy(10’s-20’s):

= JUNO, RENO-50

Sterile neutrinos(10°’s):

= Nucifer, Stereo, Solid ...

From Bemporad, Gratta and Vogel

Arbitrary

Observable V' Spectrum

|
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Latest KamLAND Results: 0,, & AM?,,

20 ——— l
: : E w / Xiv*
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083 s 30
Mar. 2011: 5 =,]%
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Daya Bay: Results(C)

SO 5 115
%20003_ _‘ —4— Far Hall g_ E
E’ E * —}— Near Halls (weighted) 7" L1 -
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a m_ 2 105F
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= 08k Weighted Baseline [km]|
T 5 0 .
e akina s Alindd F.P. An et al., Chin. Phys.C 37(2013) 011001
R =0.944 £+0.007 (stat) =0.003 (syst) Rate+Shape
analysis for (D) will
. 2 — o
Sin220,;= 0.089 + 0.010(stat) £ 0.005(syst) | | .0 o g
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s IHEP 0




®* First result in April 2, 2012.

sin” 26, =0.113+0.013(stat) £ 0.019(sys?)

* A new result reported in March, 2013.

sin’ 26,; =0.100+0.010(stat) = 0.015(sys?)

—$— Far Detector d Far
2000 —}— Near Detector R= % =0.929+ 0.006(stat ) + OOOQ(SySt)
% exp ected
% Reduced y2=1.21
=
% 1000 Statistics:
z -- about twice more data
Systematics:
o - Improved background estimation/reduction
§ 1_2f_ { (Li/He background, fast N, flasher removal)
N S L St 1 : :
5 ‘ QQQ.."",’QQ§§§§§*+ l -- Improved energy scale calibration
0.8}

o 1 2 3 4 5 6 7 8 9 10 | For details, see Seon-Hee Seo’s talk at NeuTel’13
Prompt energy [MeV]




Double Chooz: many results

4 measurements— 2 combined (Gd & H) measurements
[prellmlnary correlations matrix—detector + flux + BG]

R
Co : ! o
- - : Gd-1l (un. 1 2@Kyoto) B}
Vo outo.u- MatetShepe B
o :
o . : .
1§ - : :
L : : H-11 (Dec. | 2@Paris)
' :ou%us : *Rate+Shape E
" 3 :
Gd+H (Jul.13@EPS) vk
o ] | : RRM(Mzr | 3@Moriond)
0 T o.10%00s | -Gd (OFF) -
o. b : : | —
— - : . ~
|} ' ' H
© - . RRM (U | 3QE79) 4
q;. Vo ou;to.w *H (OFF) w
c Gd+H (Jul.13@EPS) i : : ®
*RRM (OFF) | :0.097111.035 Lo Rata+Shape S8XCL II 5
: ( ) Reactor Rate Modulation GG%CL =

-0.05 0.00 0.05 010 015 0.20 0.25 0.30
Sin’(20, )
remarkable agreement (R+S & RRM) both Gd and H sample—accuracy validation
combined Gd & H individual measurements—higher precision

[DC internal validation cross-checks— (future) compare against Daya Bay & RENO]
Anatael Cabrera (CNRS-IN2P3 & APC)




Atmospheric neutrinos

Indications of anomaly (80’s)
Discovery of the neutrino
oscillation by SuperK(98)

= Determination of 0,; & AM?2,,

= v, oscillation: appearance of v,

Rejection of (:thel explanations . MINOS ArXiv-1304.6335
Current experlment: . | 37.8@ ktoln-yoars Atmolsphoric I 1
=  SuperK 3.36 x 10” POT v-enhanced beam 1

Main issues now:

— Super-K Zenith 90%
--T2K 90%

= 0,3 octant > T .
= mass hierarchy P 4
= CP phase = 25 .
Future experiments g 1
e =~ | —MINOS 20%
= INO, PINGU, Hyperk, ... [ —MINOS 68%
' 2.0_---Super-K L/E 90%

* MINOS Best Fit

1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1

| 0.80 0.85 0.90 0.95 1.00
e sin’(20)




Looking for sub-leading effects

Thanks to the huge statistics
and large 0,;, we can look for:

=

Mass hierarchy: enhanced high
energy upward going v, due to the
matter effect

Octant of oscillation: enhanced
low energy v, due to the solar
term

CP phase 3: interference between
these two

— 1 = P-z' (7’-(:082923 - 1)

—r - sinf3 - cos® O3 - sin 2603 - (cosd - Ry —sino - Iy)

. 2 A . 92
+2sin? 6,5 - (r-sin” fa3 — 1)

ve flux ratio & . /D,

¥
0.8 f

0.6 -
0.4 -

) 0.2
-
-0.2

% B S 5o R

" Solar
o term tter
0.8 t—'

4

oscillation
parameters:
Am223=+2.] E-3
AmZ2,,= 7.7E-5
sin%0,;= 0.50
sin%0,,= 0.30
sin%0,;= 0.04
8cp=0°

Interference

E, (GeV)

14

1.3

12

11

0.9

0.8

0.7

0.6

Walter@NeuTel’13

Solar term

interference

Matter effect




Recent Super-K results

20
= 0, , Fixed sin?0,,= 0.025 _
18 6. F | Normal hierarchy
16 13 Free 559 Inverted hierarchy
Super-K Preliminary . Super-K Preliminary
14 558
12 :
N
Ee 10 o 557
8 .
6 556
4
555
2
‘\:=E==I=;::::::=“‘57 |
%.3 035 0.4 045 05 055 0.6 065 0.7 5543 50 100 150 200 250 300 350
- 2
sin“0,, CPS
» Both free and constrained fits prefer 2" octant
» 1.20 preference for inverted hierarchy } Not significant!

03/12/2013

2013-7-23

sensitivity is 0.90

Chris Walter - Neutrino Telescopes 2013 22



Ay

Future experiment: HyperK

1 Mt water Cerenkov detector
99000 20” PMT, 20% coverage
Octant issue: Asin?0,; < 1%
Mass hierarchy:
complementary to T2HK

CP: T2HK much better

‘ Beam Map H Atm. v Map \

30 hierarchy
25

20

15

1029 4
SR
O"AA.A‘OASAL.AéAAAAOISAA.Ai

S, [x]




significance (o)

Future experiment: PINGU

A large ice Cerenkov detector loeCube Lab

with E ., ~ 1 GeV B a9
= 20 strings with a spacing of 26 m \ it 324 optea son
= Existing IceCube as the VETO | " | | ——
Equivalent target mass: ~10 Mt Il /E%:‘S"E:?.T.‘
Sensitivity: ~ 30 in < 2 years G

(2020) woml— ||
: openzad or owe
; i [l Tover
6 Preliminary -~/ 7 2450 m

2820 m

arXiv:1306.5846

0 pro ol tev o bvr s by v bev o b s by v s by g b aas

0 0.5 1 15 2 2.5 3 35 4 4.5 5
Years of data 14




Future Experiment: JUNO

Daya Bay Huizhou Lufeng Yangjiang Taishan
Status  running planned approved Construction construction
power/GW 17.4 17.4 17.4 17.4 18.4

B . 60 km JUNO

Daya Bay

Near Site

1.2 x* l Far Site

. %—“‘{%/‘\} o Sy B ——
i ILL V\/\"

>

!
—>i
A

(=9
“
-3 H
kS % Savannah River '\,
Zo 0.6 - O Bugey
X Rovno
0.4+ & Goesgen
A Krasnoyark WY
02+ 0O PaloVerde
B Chooz ® KamLAND
0.0 1 1 | 1
10’ 10° 10° 10* 10°

Distance to Reactor (m)

Talk by YFW at ICFA seminar 2008,
Neutel 2011; by J. Cao at NuTurn 2012 ;
Paper by L. Zhan, YFW, J. Cao, L.J. Wen,
PRD78:111103,2008; PRD79:073007,2009



Physics Reach

Thanks to a large 0,

* Mass hierarchy
mixing parameters

* Geoneutrinos
» Sterile neutrinos

* Precision measurement of

* Supernova neutrinos

® ...
Current | Daya Bay II
Am?), 3% 0.6%
Am’y 5% 0.6%
sin’6,, 5% 0.7%
sin’0,5 5% N/A
20 sin’6y 14%=» 4% ~15%

Detector size: 20kt
Energy resolution: 3%/\E
Thermal power: 36 GW

Y.F. Liet al., arXiv:1303.6733

25 . -
L Normal true MH '
20 ' '

— /
e | '
NN S —— | W S . —
o 15} p ]
E p
10 - E
o~
2
< — — True MH {o,, » =)
5| — — False MH (g, = =) i

True MH (o, = 1.0%)
False MH (o, = 1.0%)

o 1 | 1 | L | 1 | 1 1 1
234 236 238 240 242 244 246 248 250

IAMZee| (X10° eV?)

For 6 years, mass hierarchy cab
be determined at 4c level, if Am?

can be determined at 1% level
31



RENO-50 I

= RENO-50 : An underground detector consisting of 18 kton ultra-
low-radioactivity liquid scintillator & 15,000 20" PMTs, at 50 km away
from the Hanbit(Yonggwang) nuclear power plant

L )

1000 20" OD PMTs Water
= Goals: = il TaT1é-1 MO | E—
* High-precision measurement
of 8, and Am?
12 21 LS (18 kton)

» Determination of neutrino
mass hierarchy

15000 20" PMTs (67%)

w /g
w Zg
w 0¢

= Study neutrinos from reactors,
(the Sun), the Earth, Supernova, | 30m
and any possible stellar objects =

- =
»

37m
From Soo-Bong Kim



arXiv:hep-ex/1304.6335

MINOS v  disappearance vvs. Vv

Leading measurement of [Am? ;| w/ 4.1% precision

using accelerator and atmospheric v'sand V’s.

o~

N> 3.5 |- MINOS v, disl‘appearance - 3.0 |- MINOSv, disappearance  _ggo, ¢ | ]_
() [ 10.71x10% POT v, mode ‘ ‘ 10.71x10” POT v, mode —00% CL

2 | 336x107 POTY, mode | a 3.36 x10°° POT v, mode .

o [ 37.88 kt-yr Atmospheric 1 > - 37.88 ki-yr Atmospheric  ® Bestfit .-

T30 o .

-y 90% C.L. ™

= =% = ‘

(TE : _vp : 2 5 B ol
ﬂ 2 5 | —V +V ~
- | Best fit (\é i I
o . e VY, 4 - _

E *V, T

S20F evs, ) 20" - e = B
— l 1 L | 1 l 1 1 1 1 1 1 1 1 1 1 l 1 L 1 1 "' J 1 1 1 1 l 1 1 1 1 l

0.75 080 085 090 095 1.00 2.0 ., 2.5 3.0
sin(26) or sin(20) IAm°| / (107 eV?)

(’Alll

<) = @2 5 10—%\/2)

® MINOS finds consistent values for neutrinos and antineutrino oscillation parameters measured via
charged-current disappearance.
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0 0.1

MINOS v,

Normal Hierarchy

AM? > 0

llllll

= MINOS Best Fit 6,, < /4 |
<= MINOS Best Fit 6,, > /4 |
B 68% C.L.0,, <7/4
I 90% C.L. 0,, <m/4

llllllllll

I T T T T I T T T T

AmM? < 0

MINOS
10.6<10%° POT v mode
3.3:10%° POT v mode

lllllllllllllll

2sin’(28,,)sin’0,,

-
0.2 0.3 0.4

appearance

PRL 110, 171801(2013)

w/ reactor result
sin220,,=0.098+0.013

mmm ATE > 0, 0,, > /4
T — AT > 0, 6,, <m/4 MINOS -
3 — mmw -_\m2<0,623>n/4 ""-'“4 —
T Am2 <0, 623 <m/4 * i'\’ .

Inverted Hierarchy



T2K v, Appearance Updates from 2012

.

» The background rejection cut is improved using a new SK reconstruction
algorithm. Number of BG events reduced from 6.4 to 4.6

» Near detector measurement is improved by using new event categories

2012(*)  2013(now) | T2K preliminary 4 runi4 data
i l_o.393><lQ:”?()T)
POT 3.010x10° g 393x1020 , | O
~ 5 10 sig@ o veve CC
( Apr 12) E | sin220,,=0.1 1 (‘M(‘:‘vfsinzmlfo.l)
Bkes 3304 464+0.51 3 T
L
Observed E}
v, cand. 11 28
Events
V. app. 3.1c
Significance 71.5C 0 500 1000

Reconstructed v energy (MeV)
* 2012 result arXiv:1304.0841 (accepted by PRD) 24



World LBL Future Project

LAGUNA-LBNO 130km?~2,300km?
ESS+WC? 540km? LBNE 1300km

‘ 0.7MW, 10kt LAr -2.3MW, 35kt LAr

CN2PY (Pyhasalmi)
*  pitad D Beam from SPS (SDOKW - 750awW)
* Lorg term: LPSPL = HPPS < 22MW

SANFORD LAB ‘
e ‘n--._.._,,___ (Proposed)

(L
~
- -
-,
@

FERMILAB
— 3 IHEP complex Protvino
= B 70 GeV (450xW)
- SEFE
0 ;
CN2FR [Fréjus) N v -
T L R— . e 5
P peramy NG5, | CNGS - Umbria o
’ ‘ o Beam from S5 (S00KW|
‘ - . (" % MNoneardetector L s
o et e N £ g
il - R
* Detector options: 20, 50, 100 kton LAr; 50 kton LSc
and 540 kton WCD
Toaal Voluane 0.99 Megaton
| Imner Volusne (Fidadial Volume) 0.74 (0.56) Mogaton
T \ “ Yuter Voluene 0.2 Megaton
" Ianer detector 99,000 20 inch ¢ PMTs & )
| WE photo-coverage
‘ yuter dotector 25,000 8inch ¢ PM
34

0.75MW ->~2MW



Neutrino mass questions

Two main questions are directly related to neutrino masses:

1. absolute mass scale: i.

e. mass of the lightest v

2. degenerate (m1= m2= ma3) or hierarchical masses (m1 < m2 <« maz or ms « m1 <mg)

m-?
A

5
m,

2
A

2
m | e -

mass hierarchies

0

m>
-V, &
-V,
== \’t
Normal Hierarchy (NH) Inverted Hierarchy (IH) 5
_ i ——5"
l solar~7x10™¢V?2 <
> —t—my“
atmospheric !
~2x103eV? _
atmospheric
~2x 107 eV?
solar~7x10™eV? -
_ -—*—’"3'
?
absolute mass scaled
0

* Neutrino oscillation experiments are blind to the first but can solve the second:
Daya Bay Il, Reno |ll, T2K, Nova, LBNO, LBNE, PINGU, ORCA, ...

Sweden

O. Cremonesi - 23/07/2013EPSHEP 2013 Stockholm,



KATRIN talk M Haag

» Large electrostatic spectrometer with gaseous 3H source
(Q=18.6keV)

» Expected statistical sensitivity: mv.< 0.2 eV 90% CL

e Start data taking in 2014/2015

e Presently under commissioning

] ~70 m

0. Cremonesi - 23/07/2013EPSHEP 2013 Stockholm, Sweden



Spectrometers progress

—40L | |®
S -60 - 1000 F— | T T I T3
9, [ | F 3
% - | A '
o -80 |- 1
~ 100 & = E
i ; A 3
-100 | (| 1 e - ]
5 - A % o4
- S 1ok A -
L 3 E A 3
=120 ’- - g A E
- | A A |
- 2
1o f i E
« PR [ W S VT L U e [ O ) el | | E A Best sens. m \'ﬁ .:‘
1990 1995 2000 2005 2010 KATRIN Sens. goal '
Year 01 |
‘ U Tokyo -
v or g . 2anls 1 | 1 1 ] | |
v Livermore ® Troitsk ) 0o =% 1950 1970 1980 1990 2000 2010 2020
A Los Alamos O Troitsk step fcn
B Mainz A Zuerich Year

0. Cremonesi - 23/07/2013EPSHEP 2013 Stockholm, Sweden




Double Beta Decay

Very rare nuclear decay
(A,Z) — (A,Z+2) + 2e- (+7?)

which can occurr according
in different modes

2v[3B decay:
 allowed within Standard model,
- 2nd order process in Fermi theory
» observed for 12 isotopes:
. 48Ca, 76Ge, 82Se, 9%7r, 100Mo, 116Cd,
128,130Tg 136Xe 150N and 238U
* First double beta plus decay: '*°Ba
o T2PByp - 1011925y
* I[mportant constraint for nuclear matrix
element calculation

O. Cremonesi - 23/07/2013EPSHEP 2013 Stockholm, Sweden

Ovpp decay (neutrinoless DBD):

violates lepton number by 2 units
experimentally not observed

Toves,p (76Ge) > ~100y

Current bounds limit neutrino mass scale to
mv=0O(0.1 -0.5) eV

Observation implies Physics beyond the
standard model of particle physics

il

|

“Exotic” decays:
— for example X = J, i.e. Majoron

— experimentally not observed (and no rumours!)
— Best limit from: Tovgpy

172 (128Te) >

~ few 1024 ys




GERDA-I BB(0v) results and "Ge claim

GERDA : T12% > 2.1 x 1025 yr @ 90% CL GERDA Coll., arXiv:1307.4720

GERDA combined w. IGEX & HdM: T1,2% > 3.0 x 102° yr @ 90% CL

"1 7/ GERDA13-07

Ge combined

——————————————————————————————— —_—

| GERDA Phase | //

clalm (2004//

1
i
]
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i
1
1
i
1
|
i
1
i
1
|
i
I
i
I

N\ \
\\ A\
~1
i "N\
N\ N
N
N
\ \
\ N
N W
-

Best fit: Nov=0, N <3.5cts @ 90% C.L.

For T12% =1.19 x 1055 yr:

|
» Expected Signal (after PSD): 5.9 £+ 14 ctsin+20 |* o - |
» Expected Bckgd (after PSD): 2.0 + 0.3 cts in £20 [ /4% 2 -
. . ' N ; | @
Observed: 3.0 (0inx10) %o@gog\éz? S % i £
T O 1
Comparing H1(Claimed signal) to HO(Background | 72" < gé §
only): /%\L@ ' x|S 1O
e P(H1)/P(H0)=2-10* 1024 L2 . L : < o
e Assuming H1: P (N»=0|H1)=1% 1024 102 ov 198 1026
— Claim poorly credible Ti2 (7 Xe) [yr]

O. Cremonesi - 23/07/2013EPSHEP 2013 Stockholm, Sweden



A reminder




In summary

m Lucky times for Physics!

m Unprecedented convergence of the extremes
of the scales around a common set of
guestions

m A |ot of beautiful experimental results to
compare with precise theory predictions.

m\We need to accelerate the reflection on next
steps

mNo time to idle: a lot of work has to be done




In summary

We will need

mFlexibility
mPreparedness
mVisionary global policies




m...and a bit of luck!




