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09:00

® En physique des particules, conférences
d’hiver (Moriond) et d’ete (ICHEP,
Lepton-Photon, EPS-HEP)

® |CHEP: conférence mondiale, organisée
par I'International Union of Pure and
Applied Physics, tous les deux ans dans

un endroit different (Europe, Ameérique,
Asie)

® | semaine, aValence

11:00

® Pres de 1000 participants littéralement
du monde entier

® 3 premiers jours de sessions paralleles
(9 sessions par thematiques, 15 a 20
minutes sur un sujet cible)

12:00

Brout-Englert-Higgs physics, Beyond the Standard Model, SUSY
and Exotics, Top-quark and ElectroWeak Physics, Flavour Physics,
Strong Interactions and Hadron Physics, Lattice QCD, Heavy lon
Physics, Neutrino Physics, Astroparticle Physics and Cosmology,
Formal Theory Developments, Detector RD and Performance,
Computing and Data Handling, Accelerator Physics and Future
Colliders, Education and Outreach,Lepton Flavour Violation 13:00
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09:00

Un dimanche pour digeérer les résultats,
travailler, faire du tourisme...

3 jours de sessions plénieres (exposes
plus longs faisant le bilan d’'un domaine)

10:00

Autant pour les présentations, calibrées,
que pour les discussions, informelles,
aux pauses (rumeurs...)

Une intervention d’Alan Guth (Prix
Gruber de cosmologie 2004), des
conferences grand public, des prix pour

de jeunes chercheurs, des séances
d’affiches...

Prospective pour la physique des hautes**®
energies dans les differentes régions du
monde

14:00
Autres occasions de rencontres:
reunions satellites (acceélérateurs),
conferences thématiques, workshops

15:00

specialisés, séminaires....

CERN Director General

Auditorium 1

Prof. Rolf-Dieter HEUER

09:00 - 09:10

Auditorium 1

Valencian Ministry of Education, Culture and Sports

Mrs. Maria José CATALa

09:10 - 09:20

Auditorium 1

Spanish Secretary of State for Research, Development and Innovation

Dr. Carmen VELA

09:20 - 09:30

Inflationary Cosmology and Particle Physics

Prof. Alan GUTH [

Auditorium 1 09:30 - 10:15
Coffee
Valencia, Spain 10:30 - 10:45

Lunch

Valencia, Spain

13:45 - 15:00




Riggs, cet inconnu




Three Years of Remarkable LHC operations at the
Energy frontier (Run-1)

O(25) Pile Up (PU) events
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Month in 2010 Month in 2011 Month in 2012

Trigger Challenge : How to select 400 La ndsca pe RedEﬁ ned
out of 20M events per second while Expansion of the Higgs Physics Program!

keeping the interesting (including

unknown) physics

Precision Rare decays
Computing Challenge : Reconstruct, - Mass and width i i/lY
store and distribute 400 complex - Coupling properties LF‘\‘/O”TS l;:
events per second (Reached 120 PB - Quantum numbers (Spin, CP) W

- Differential cross sections - )Wy, ZY, etc...
of data and simulation) . :

- Off Shell couplings and width

- Interferometry O

Tool for discovery
- Portal to DM (invisible Higgs)

o - Portal to hidden sectors
Is the SM minimal? - Portal to BSM physics with H°
- 2 HDM searches in the final state (ZH°, WH?, H°HO)

- MSSM, NMSSM searches
- Doubly charged Higgs bosons

...and More!

FCNC top decays

Di-Higgs production
*Disclaimer: Not all subjects Trilinear couplings prospects
will be covered in this talk - Etc... 3




How SM Higgses come to be

[http://cern.ch/go/cWHS] [http://cern.ch/go/SnJ8]
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” How SM Higgses pass away

[http://cern.ch/go/qkh6]

01 Couplings and
kinematics drive BR
(bb, WW, 11, ZZ).
o Decays to photons
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Measurement of the Higgs boson mass

(and signal strengths)

Submitted to PRD arXiv:1406.3827

’§ 4_|| T 1T I T 1T I T 1T I T T TT I T 1T I T 1T I T 1T I T 1T I T TT l_l_
) - ATLAS —— Combined yy+ZZ* ]
Q 350 Vs=7TeV [Ldt=451b" _:_>£Yz . E
@ T7L (s=8TeV [Ldt=20.31b" T Rmer e
% 3 % Best fit =
£* - — 68%CL 7 Note measure channels
= C e e 95% CL ] )
E 2.5 E signal strength
B oF- =
= - B vy
5 - 1 u =1.29 +£0.30
= 1.5 - (mp=125.98GeV)
< C _
c 1 = 77 — 1 +0.45
'c% - ] ‘u(mH=124.51GeV) 66 -0.38
0.5 —
o:l I 11l I 11l I 11l I L1 11 I 11l I 11l I 11l I 11l I 11l I:
123 123.5 124 124.5 125 125.5 126 126.5 127 127.5 o
ZZ and yy compatibity
Old result: my, [GeV] A =2320.9
05 m=23%=0.
125.5 £0.2 (stat) 7, (syst) GeV old {

New:

125.36 +0.37 (stat) =0.18 (syst) GeV

Compatibility 2.40

Am=147+0.72
Compatibility 1.970

0.3% Precision measurement (statistical uncertainty dominant)

2 2
dogg s H-72 8eeHSHZZ
2 2 2 2 12
dmz, (m7z —mgy)? + my I
2 2
o.on—shell @
gg—H—-ZZ muly
2
off-shell gggHg%IZZ
gg;—+I{——+ZZEZ (221112:)2
off-shell
0gg—)H —Z7Z ~ F
o.on-shell H
gg—H—>ZZ

[ pb]

H* — going off-shell

[arXiv:1405.3455, accepted by PLB] [arXiv:1206.4803]
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Main Decay and Production Modes

my = 125.03 = 0.30 [tg;gg(stat )HO13 (svst.)] GeV

i — o(stat.) ; e i .. —]
ATLAS Prelim. | Zeys ey Total uncertainty | o 10 " g iogvodel 7, ATLAS Preliminary i 197 f0 (8 TeV) + 5.1 6" (7 TeV)
mH =125.5 GeV —o(theory) + 10‘ on M ; T | % Best fit : s, 1 _ Q N T T T T T T L B B ™
. ' ——— NI o —escl [N As=7TeV [Ldt=4648f" A = [CMS
" w0za 1228 | —— Y 8 ...esucl : " 1s=8TeV |Ldt=20.31fb" 1 & | Preliminary |
=1.57 +0.17 : == 1 M =~ t
-0.28 -ore i - =. - ' % - (®)) 1F 7
H—2Z* - 4 g ‘ T - —Ho 1 = F ]
= 1.44°000 2 i :: 6 —Hozzoa ] O - [==68% CL -
Ho WW— by [55 | — - Trowweby g <L —e5% CL |
+0.32 [-0.19
=1.00 ~0.29 7508 H— | 4 [ e | '10'1 - "'SM Higgs —
Combined ot : —— B i ] - B
Horn 22 W | — D 1) < . i g ]
w=135 ol 1 l T 2 — i ]
= =05 e — B 7] - 7
W,Z H— bb oo e : - i 2 T i
u= 0.2—0.6 <0.1 | | ‘ 0 __ _______________ _— 1 0 E_ (M’ 8) flt _E
H — tt (8 TeV data only) :g% 1 — K T . . 68% CL ]
=1.405[% ? T T m,=1255GeV T AT'-AS CONF-2014-009 - :
combined = ;g%: t I ':__|_| _2 _I 1 I l;' 11 1 | 1 11 1 | I 11 1 | I 111 | 1111 I 1111 | 111 1 | 11 1 1 I 1 I_ | [ 95°/°| CL .
H_)bB, +0§: \ : - - 1 1 | T | 1 1 | I T | mm
=1 097098 1725 i L e 1 0 1 e 3 4 522 WV?I 1 2 345 10 20 100 200
-0.04 ,Y,Y, *, *,T‘C
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+0.18 [-0.11 :
n=1300"0 000 ., | <—— andprod
(s =7TeV fLot = 4648 1" ~0. 5 0 0 5 115 2 Compatiblefcys
Is =8 TeV [Ldt = 20.3 fo" Signal strength (u) ” Sig nql S-l-reng-l-h
ATLAS-CONF-2014-009

u=130+0.12 (stat) +0.10 (th) =0.09 (syst)

o /ogn = 1.00 +0.13 [io.og(stat.)fg;gi(theo.) +0.07(syst.)

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

M Combined CMS m, = 125 GeV
[ GrOUped by dominant H=100£013 | Drotiminary
decay: H > bb tagged
n=0.93+0.49
2 —

d X /dOf - 0‘9/5 H — 1t tagged
n=0.91+0.27

o p-value = 0.97
. H — yy tagged
(osympto’rlc) n=1.13+0.24
H— WW tagged
u=0.83+0.21
H — ZZ tagged
u=1.00%0.29
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“ [CMS-PAS-HIG-14-009] [arXiv:1307.1347]

0 Scaling the
couplings to

fermions (K;) and
vector bosons (K,).

0 All decay
channels
converging

around SM
expectation.

0 0.5 1 1.5
Ky

a.david@cern.ch  @CMSexperiment @ICHEP2014

Probing the Higgs couplings

w  frrTorT | TTTT | LI | TTTT | TTTT I TTTT | |||||||| | TTTT I ||||| ATLAS-CONF-2014_009
~ - N Sbbr Hortr 3
4:_ ATLAS Preliminary CiH =4l #2H > v
' s=7Tev|ldi-4648m" g H — vy @@ Combined 7 . . .
3 weewlaemee 2 SM < Bt 2 Assyming no BSM in the production
oF ' |
CH— 1 -
J = and decay
FH - viv Dl

- Compatible with SM
- Negative x, (relative to k) disfavored (but still

possible solution)

06 0.7 0.8 0.9 I1 11 12 13 14 15 16 . .
«, - Already excluding composite models




t, WV, Z... et les autres




On the shoulders of giants:

“Yesterday’s discovery is today’s calibration, and tomorrow’s background.” — V. L. Telegdi [hitp://cern.ch/go/If9C] [http://cern.ch/go/KD8D]

detector makers & theory calculators

Inelastic collisions: ~7 %X 101°

G [pb]

Six orders
of
magnitude
of EWK,
top, and
Higgs
Physics
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Hot

W and Z bosons

¢ 7 TeV CMS measurement (L <5.0fb™)
¢ 8 TeV CMS measurement (L < 19.6fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction
< CMS 95%CL limit

Top quarks

I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII | IIIIIIII I IIIIIIII [ 111

IIIIIIII

s-ch

e 1 iz Voo TVBF T v | oy |
ity ttZ ' ggH qaH VH ' ttH
Th. Ac, in exp. Ac

WW  qqll

a.david@cern.ch  @CMSexperiment @ICHEP201 4



Top mass world average 2014

Tevatron combination November 2012 May 2013
LHC combination July 2012 September 2013
World combination March 2014 arxiv:1403.4427

Tevatron+LHC m,_indiv. comb. - March 2014, L_=35f0"-8.7 "
ATLAS + CDF + CMS + DO Preliminary
0 l+jets B Bl sl 173.29+0.80 (0.23+0.2420.72)
g dilepton o 172.74+1.15 (043 0,06+ 1.07)
'}% all jets P e e, g 173.17+1.20 (0654 0.30+ 0.96)
c
'S Erets = » 173.93+1.85(1.26+1.05+0.86)
ECDF P ey =y 173.19+1.00(0.52+0.44+0.73)
O o [— = at—t174.85+ 1.48 (0.78 + 0.48+ 1.16)
g ATLAS > 17265+ 1.44 031+ 041£1.39)
E CMS * 173.58 £ 1.03 (0.29+ 0.28+ 0.95)
T Tevatron e 173.58+ 0.94 (0.44 £ 036+ 0.74)
C
— LHC b el 173.28 £ 0.94 (0.22+0.26+0.88) T d t . t f . | . t t t t
W on T | s 0mes s | 1OP MAsSS determination from inclusive top anti-1op cross section
e T P e N CMS Phys. Lett. B 728 (2013) 496
o 5 Tevatron March 2013 (Run [+11) e pg—y sy 173.20+ 0.87 (051+0.36+061) ) . . ysS.
25 FeenEE " . Comparing NNLO+NNLL QCD top pair cross section to data ATLAS arXiv:1406.5375
& LIHC Scptomber 2013 "~ 173.29£ 095023 0.26+0.89 determine top mass in a well defined renormalisation scheme
| | | total | (stat. iJES syst) i .
(here: pole mass) and theory uncertainties
170 172 174 176 178 G \:I,r]S‘
mmp €
E350_.‘&‘L‘;II|III|III|IIIIIIIII|III|III|III_
. a ‘h,‘“ ATLAS e MSTW 2008 NNLO . Mtop dependence of measured
Migp = 173.34 £0.27 (stat) + 0.24 (JES) £ 0.67 (syst) GeV c W, T = CT10NNLO 1 cross section -0.28%/GeV
g 300 i —— NNPDF2.3NNLO _|
|5 - - (@] s=7TeV,46fb —
S T arer i,y ® \s=s8TeV, 203" .
precisionon M 0.44% P - i . ’ NNLO+NNLL cross-section
= B 050l Prediction for various PDFs
o i o (band scale uncertainty)
O
200
B Combined result:
B ole 2.5
150} mp e = 1729722 GeV
100_|||||||||||||||||||||||||||||||||||||
164 166 168 170 172 174 176 178 180 182
1 pole
mP” =171.4+2.6 GeV (/s =TTeV) m — [GeV]

mpﬂle —174.1+2.6 GeV ( \/E _ STEV) Largest exp. syst. (Iu_mi_nosity) _uncorrelated for 7 and 8 TeV
t Results consistent within 1.7 sigma 16



Is the Higgs temporary?

If A becomes negative, the EW vacuum is meta/unstable

................. (courtesy of JR Espinosa)
-19% 1 2 . 3 1 5
and the Higgs and our EW vacuum are only 1‘empor’Ar.e we |IVIH9 01, a edge Of The phClSe dlagr'am?
hristophe Grajean viqes Physics - Theory 0 v 150 LS

109

Buttazzo et al 13

178

Parameter |Present" LHC|[ILC/GigaZ[ TLEP | see also:

> =
3 176
My [GeV] 04 5<01 <01 <01 Z - Bezrukov et al ’12
) 174
My [MeV] b8 =2 5 =13 % - Degrassietal’12
My [MeV] 21 21 21 = 01 8 I
= 172
me [GeV] 0.9 = 0.6 0.1 008 2 [
170 Pt
168

120 122 124 126 128 130 132
Higgs pole mass My, in GeV
30 ] . ., ... . .

251
20}
1.5}

Lot

‘Top Yukawa coupling yi(Mp;)

Top pole mass M, in GeV

0.5}

0 S0 100 150 200
Higgs pole mass M, in GeV

The (near) criticality of our vacuum calls for a precise measurement

Higgs coupling A(Mp)



Top anti-top production in association with W/Z bosons

W g L Garzelli et al JHEP 1211(2012) 056
Campbell/Eliis JHEP 1207 (2012) 052

t

NLO QCD cross section about 200 fb

M/\/\’\/\/\A. W+

Process allow test of electroweak coupling of the top quark

Fxnerimental sinnatiire niimher of lentons

Top anti-top production in association with W/Z bosons

Example: ATLAS ATLAS-CONF-2014-038

3Iepton ianassregion4jets 1btag
> 3 1§ [ATLAS' Preﬁ | ' ' T
o - ATLAS Preliminary  SRZblincj4 epbaa maz § [N \ % ATLAS Best Fit .
g 14 I L -203f" {S=8TeV miw @z 4 = 2 —— ATLAS 68% CL —
2 b EREA DUEJ - J'— dt = 20.3 fb” \& \ ----- ATLAS 95% CL B
E C BMisiD lepton — ~y{s =8 TeV §&\\\ o NLO calculation* 4
o 105 - N \ . _|
(L C ] o) 5 %\ - tIZ Theory uncertainty |
8 = L Lemm I \\Q tIW Theory uncertainty _|
C _ ‘ e T _|
6F- E - \\ ;
AE _; 1_:— :;." : ]
27 h = I' f RSy Yy —
L ¥ 3\ * “. _
- RS U |
B pa s P
o 1.5; | \ |
= 1 - e |
L b _
E 0.5; =" B § |
56' S T\ B 1 B R - - '4:”0 — § Q\Q * Campbell(2012),Kardos(2011) Garzelli(2011,2012) |

Mlﬂlmal Mll [GEV] | [|] | | | |0|5 | | \1\\1\ 1\L | |1-|5 | | | | 2| | | | |2-|5 | | | | 3' L1 |
2 leptons same+opposite sign and 3 leptons combined: 6/ og, (tW)

Process | Observed o Summary of combined simultaneous fit results
iV 4.9 Process Measured cross-sections Observed o
S8
W 31 ttZ 15073 (total) = 1’50+ o(stat.) = 21(syst.) tb 3.1
140 120
7 39 trW 3007 [p(total) = 30075 (stat. )+ o(syst.) fb 3.1




CMS Diboson Summary

Apr 2014 CMS Preliminary
CMS measurements | 7 TeV CMS measuremenlt (exp+th) ——0—+—
vs. NLO theory 8 TeV CMS measurement (exp+th)  H—+—&——
YY, NNLOth)  ——o o — 1.04 £0.11+0.09 5.0fb"
Wy H— o —  1.16 +0.13+0.06 5.0fb™
Zy ——O—— 0.98 +0.05+0.05 5.0fb"
WW+WZ  H o — 1.05+0.20+0.03 49fb’"
WW — O—t— 1.11+0.11+0.04 491b"
Ww — + — 1.22+0.12+0.04 35fb"
W7 o+ 1.17 £+0.10+0.03 4.9fb"
Wz ——e——+— 1.12+0.08 +0.05 19.6fb"
ZZ — o — 0.99+0.15+0.06 4.9fb"
ZZ —t 1.00+£0.10+0.08 19.6fb
. ! ! ! | . ! ! . | ! ! ! .
1 1.5 2

Cross Section Ratio: Gexp/ Oiheo




WW Productlon (8 TeV)

ATLAS Prellmmary .
1s=8TeV, | Ldt=203fp" LClT° Wl Zes
e‘v u'v channel

Kinematic shapes
agree with
prediction, but cross
section excess
observed at 20% level

Events / 10 GeV

PLB 721 (2013) 190

ATLAS-CONF-2014-033

l L L4 L l L L] L4 L ] L) L) LJ T
<+ Dala [ WW (x1.21)

Il Wiets [l other diboson

= stal. unc. = slat, ® syst. unc,

WW scaled by 1.2

NEW for ICHEP14

CMS \s=8TeV,L=35fb"
> L L
o * DATA 1
@ mw
T I W Z+jets
l%’ 150 - + W W +jets
top

{7 stat @ syst

in CMS and ATLAS

100§ .4& WW scaled by

2
]
]
—
N

~5000 emu ATLAS . & ""‘;,4 ,
candidates with 20/fb! 50 100 150 200 250 300 ol . m..i. .. i
m, [GeV] 0 50 100 150
Systematics from jet = CMS 69.9+2.8 (stat.)+5.6 (syst.)£3.1 (lum.) pb (1.80) Pr [GeV]
\éet?( aCCGPdtanC;,] y ATLAS 71.4+1.2 (stat.)+5.0 (syst.)+2.2 (lum.) pb (2.10)
ACKSTOHNE MEHION  MCFM 58.7+3.0 (syst.) pb
Not yet reporting: © ATLAS Preliminary ~ [|8 M' | d -
CMS Lvlv 20/fb, JLdt =203 cross sections
WW->1vjj 20/1b \s=8TeV e'e
WW e
Theory calculation o
being actively studied e
(jet vetoes, NNLO) ot Precictn —m—  Combined
qq/qg-,ww- MCFM NLO CT10

10 20 30 40 50



http://dx.doi.org/10.1016/j.physletb.2013.03.027
http://cds.cern.ch/record/1728248

Jet
ISR Underlying

_ 4« Event
Parton /

Density

-
-

N Fragmentation

-~

Hard
Scatter

Jet

I I I I I I 1 | I i I I I I I I I | I I I I l I I

— , H1 multijets at low O
EPJ C67 1 (2010)

lilll 1 1 lllllll 1 1 lllllll 1
CMS Preliminary

CMS Incl. Jets : 0g(M,)=0.11857 e
CMS R4,

CMS 1T cross section

CMS 3-Jet mass

CMS Incl. Jets

m.zeusmc.ccggqsg
Hi-prelim-11-034, ZEUS-prel-11-001 (2011)

ZEUS Incl. jets in {'p
Nucl. Phys. Ba64 1 (2012)
A

arXivl .

CDF inclh. jots 0'2
Phys. Rev. Letl. 88 (2002)

. %8‘3& 1'1’107(1000) 018

DO . correl,
Phy.:ﬁon. B718 56 (2012)
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Inclusive cross-section @ 8 TeV
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