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#1: sky, snow and scenery
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#2: 20s» March solar eclipse 5
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#3: Plenty of exciting physics results
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Disclaimers %

® A wise person said:“Never do the summary talk at
a conference where you can sky”

® The conference ended on saturday

® These are my feelings and the results that most
impressed me, without any deep afterthought

® |t doesn’t pretend to be fully complete
® All inaccuracies are my own
® Much more experiment then theory

® [he program was rich and interesting

® Don’t be upset if your favourite result is not here!
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Outline =

® Neutrinos
® Dark matter

® Scalar sector

® Standard Model
e BSM

® Jop

® Heavy Flavours
® Miscellanea

® Prize winners: Higgs mass and LHCb B—K"'up
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v, status

>

PMSN = | o

Abs.scale Normal hierarchy...

A

C23
—S23

523
C23

V3

C13
0

—81367’

0
1
0

S13€
0

C13

or... Inverted hierarchy

10 ]

1

C12
—512
0

S12
C12
0

mass? split

A

+Am?

0
0
1

1
J

{
|

1
0
0

0
6%’04/2
0

0

0
iB/2

W
J

[ only if Majorana ]

Terra Cognita:

dm? ~ 8 x 10-5 eV?
AmZ ~ 2 x 10-3 eV?
sin6,, ~ 0.3
sin?6,; ~ 0.5
sin?0,; ~ 0.02
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absolute mass scale
Dirac/Majorana nature
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Results from v experiments

® Borexino (Solar v)

® pp-vrate = |44+13+10 cdp/100t
o &,,=6.6£0.7x10'%cm2s"! (100)

® \Ve—Ve survival rate ~64%

Events (c.p.d. per 100 t per keV)

o
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Results from v experiments =

® Daya-Bay (Reactor experiment)

® sin229|3 = 0.084+0‘005—o,005 WorldBest!

® |Amee|=2.44 _o,**'01073(eV?)

o 10 3eVicAmy? <0.1eV?
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Results from v experiments

® SuperKamiokande (Long Basellne)

® Tooermr > 1.4%10% years (9\‘\‘@\@1)
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Results from v experiments

® EXO200 v-less B decay

® No events Ti2 0VRB>1.1x10%yr
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T2K

Observation of vy—Ve with 7.30

significance

No statistically significant

measurement of dcp,but -T1/2
looks favoured |
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VHE v in IceCube (1) =

Downward Upward

[ Conventional 14 B Penetrating p g [ Astrophysical v
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 Low energy part of the spectrum shows very
good understanding of atmospheric v bkg

. 37 HE candidates
. 5.70 evidence for astrophysical v origin
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VHE v in IceCube (ll)

>

IceCube
Preliminary

® Within uncertainties, data
consistent with |:1:1
flavour composition naive
expectation

Muon track Shower (cascade) |
WLt b g |
V,+NSu +X v, (NC), v, v,

® Event topology give information
on V flavour

® 9 tracks, 28 showers
® NtrackszeXPECted kag

® Proposed an interpretation
which leaves room for
increased V x-section

® But no agreement on
what to expect

® No evidence for clustering
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0 TS=2log(L/LO)
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Double Chooz Z w

® |ocated at Chooz, France _

1.2F I—I—Datal o _
® Measure 0,3 via VeVe disappearence I | + L
® 8.3t Gd-doped liquid scintillator, with 18t &g *f= i 1p + T jrj[ """""""" =
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o sl DC-lIl (n-Gd)
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™ 0 . 0 i using near and far detectors
suppressed 3 e
PF) 0.035

® Near detector completed! Taking data since
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" Giacomo Ortona 12 LLR Seminar - LLR - 23/03/2015



Reactor anti-v anomaly (l)
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Outline =

® Neutrinos
® Dark matter

® Scalar sector

® Standard Model
e BSM
® Jop
® Heavy Flavours

® Miscellanea

® Prize winners: Higgs mass and LHCb B K "'up
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Direct searches for DM

o XENONIOQO (62 kg target—scintillation light+ionization): Axion search
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Indirect searches for DM Z

® Search for astrophysical sources of DM annihilation into SM particles

® Search targets: regions where large DM densities are expected

® Dwarf galaxies, inner galactic halo

® Main results from HESS

® 4xI2m telescopes, Ix28m telescope

® [No evidences so far even using updated DM models (flat in galactic core)

Dwarf galaxies
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Collider searches for DM

19.7 fb™ (8 TeV)
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0 ,L CMS: arXiv:1408.3583 ~
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® Tipical signature: Large MET

® No evidence in any channel so far

—\VV+|

® [Effective operators fails at high
energies!

® They can mislead to miss the MET
signal

® assumed growth of & ~ EZ/A*In

models where |/A% =~ g2 /M?, such
growth stops at the mediator mass

® What we really would see at the LHC
is the heavy mediator mass

® “We can find DM in the range 100GeVx10**°by 2012 or later” (putting dir/
ind/coll searches together)

Giacomo Ortona
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CMS./

Breaking the v floor T
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Outline =

® Neutrinos
® Dark matter

® Scalar sector

® Standard Model
e BSM

® Jop

® Heavy Flavours
® Miscellanea

® Prize winners: Higgs mass and LHCb B K"y
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Higgs signal strengths (by decay) %

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

ATLASPreliminary —0<(§ty§‘;2,c_ Total uncertainty 125 Gov
— theory mH= e
my, = 125.36 GeV — oftheory) + _10 ong Comublq%CDCMS
H = vy §§§ : '—_' Pau = 0.96
w=1.47028 00 5 L H d
-0.26 _;;\: L l L ikq . [ s — YY tagge
H - ZZ* :g::,; L n= 1.12+0.24
u=1 467040 707 : | .
B osalton | o f o R
H — ww* “ote 5 T H — ZZ tagged
W= 118024 ?E '__' n=1.00+£0.29
-0.21 |- 0.09 T i'"_‘_ L
- 5 o 5
H = bb _oegom S s — g H — WW tagged
3 S4B L B B u=0.83+0.21
H— 1t tggg N
+0.42 |“02 : 1 K
w=1A447 e | 0 e H — 1t tagged
: | uw=0.91+0.28
P HH :
FHH :
L H — bb tagged
A N EP u=0.84+0.44
S=7TeV, 4547 " —1 0 1 2 : EEe— B
_ 0 0.5 1 1.5 2
5= 8TeV 203 i Signal strength (u) Best fit O'/O'SM

® Comparable results between ATLAS/CMS
® Right on top of the Standard Model
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Higgs signal strengths (by production) Z

19.7 b (8 TeV) + 5.1 f5' (7 TeV)

ATLAS Preliminary CMS = 68% CL
Vs=7TeV,4.5_47fp" Vs=8TeVv,203fb" == 95% CL
68% CL.: e
95% CL.: '
0.19 '
1 I LI LI I LI I I 1 LI I I LI LI I I LI 1 I I LI 1 —_— O 85+ +
| Hogh™ 0.16 :
+0.23 '
+0.37
' uVBF =1. 16 0.34 -
Lygr=123+032  l—
Uy = 0.80 +0.36 - —— u,,, = 0. 921070 | e
Uy = 1.81 £0.80 1 :
1 1 1 1 I 1 1 1 1 I 1 1 1 L l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 .
-0.5 0 0.5 1 1.5 2 2.5 3 11111111111111111111111111111

0 1 2 3 4 5 6
Parameter value

Parameter value

® Again consisten with SM
® 20 fluctuations are not unexpected

® Experiments can play in many way to check particular combination of
ratios (e.g.VBF)...

® But the take-home message is that so far SM holds beautifully
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Higgs Kinematics

Productlon kmematlcs
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® Decay kinematics: test spin and parity

’}o -CMS . : : : @:T'l'eV,L=:5.1fb,r:=8TeV,L:=19.7fb1 Q 12?'\43\ ‘\‘E‘7Te\/‘ L\ 5\1\fb1‘r\ ‘8'ITeV‘L‘ 1‘97‘be [ ] Spin I and 2
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Higgs width

CMS 19.7 o™ (8 TeV) + 5.1 fb™" (7 TeV) B CMS 19.7 b (8 TeV) + 5.1 fb” (7 TeV)
-E : LI I 1T T 17 I L I LI l LI L I L I: C 10 8 4[ observed .
QO e Data P e 4]
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4—— ® - _- 4= ‘_ 7:'.'__ _95%CL __ |
2 . 2
. [ e 68%CL |
O 0 l_-h\k”"l_:‘:-l:_‘lx‘llllllll[llIlIlIIllIIIIII
300 400 500 600 700 800 0 10 20 30 40 50 60

m,, (GeV) Iy (MeV)

® ATLAS is combining with WWV as well
o At 95% CL:T/I¢m <4 (CMS) <5.5 (ATLAS)
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Higgs searches Z W

® Rare/Exo

) VPSR e
® H—-pp g/osm<7 @ 95%CL (Both) A G (PEYTYSIN =LA 1
. . o g 107 B Hopw [ H[125 GeV]
® H-—TU: First direct limit (CMYS) T
BR<0.75% (LFV channel) o
10°
® H-—|/Yy probe H-c coupling(HL-LHC) 1
10
o o . o . o 1
® |nvisible (and quasi-invisible) - /ﬂl#
80 100 120 140 160 180 200 220 240 260
e Updated with associated VH/VBF prod ATLAS: PLB 738 (2015) 68 " (¢
® New channels: mono-j, tt+MET, Y+MET e 110 (8 e
Js ’ Y % 10 - CMS -+~ Observed
: . T o G [ Preimnay ] Z+jets
® Direct limits: 30-80%, indirect: ~30% O [ pes i
§102?’ e -]
.« . . 12 C m | ZZ+WZ
® Additional Higgses (e.g. ZZ—1lbb) e | ] Uncertainty
D 105 A H(400)
® HH searches : ey 4 H—2Z -202
, H—oZZ-2212b F '
® |n preparation for Run2, not possible in — gyt & i
Runl T =
10_1M'E|....|....|L'.".'§“[Lullll._;__
. 200 400 600 800
® All searches gave negative results so far m,, [GeV]
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CMS High mass Higgs search =

upto 5.1 fo' (7 TeV) + up to 19.7 fb™ (8 TeV)

3
D‘% 10 ClMS [ I I
< Preliminary
® CMS Onl © 2L — combined - -- Combined (exp. = 20)
- 10
@) —H -WW - 2/2y=—H —-WW — /vqq
4+ H—-2Z -2/2y ==—=H =277 — 4/
‘e’ H—ZZ =2
® No additional H E jor 12
1
seen with the full O
> 1
D B O N .- .
runl dataset S 0SSN :
107 A\~ E
CMS Ppreliminary upto 5.1 1™ (7 TeV) +upto 19.7 fo"' 8 TeV) -
—Obs., Bnew - 0-0 ---EXp., Bnew -_ 0.0 ' ,' 7] T TR TR T NN TN TR T NN TR MO W NN TR N |
—Obs., B, =0.2 -- EXxp., B, =0.2 — 200 400 600 800 100
— Obs., B, =0.5 ---Exp., Bpe, =0.5 i my, [GeV]
O — Gh1 V'V ,meas C/ _ GhoV'V.meas
ghlVV,S]\/[ gfLQVV,S]\/[

C*+C?%=1

200 300 400 500 600 700
- m,, [GeV]
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Higgs at the LHC: where we stand %

® The sheer amount of results delivered by the LHC in
the Higgs sector is astounding

® |mpossible to cover all of them even in dedicated
talks

ATLAS Simulation Preliminary
fs =14 TeV: [Ldt=300 fb" ﬁ_dt 3000 b

® The precision of the results is much higher than was

foreseen before runl ~T0dalv

. . H—ZZ (comb) g .}
® Already with this amount of data, we are a factor ~2 "* —
from theoretical uncertainties “*WW‘”'"b’r |

. H— Z incl.
® Now our theory colleagues will need a huge effort o

to reduce them a5 (cono) [

® So far measurements are in very good agreement with - Vet g
SM PrediCtiOnS H—uu (comb.)

® Composite H searches have turned out empty so far

® Theoreticians are keen to find H composite of
fermions for naturalness BUT

® How to get Yukawas from fermions? Drop Les!
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® Neutrinos
® Dark matter

® Scalar sector

® Standard Model
e BSM

® Jop

® Heavy Flavours
® Miscellanea

® Prize winners: Higgs mass and LHCb B—K"'up
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Overview

Standard Model Production Cross Section Measurements  siws: march 2015

‘o 10H 1
a 80 b’ ATLAS Internal
| |
b 106 ~ 0.1<pr<2TeV Run 1 \/_ - 7’ 8 Tev N
: O E
| 0.3<m;<5TeV }
10° e LHC pp Vs =7 TeV LHCpp Vs=8TeV -
- B Theory Theory .
10 F ‘ 3
0 E 3—"5550—] l - Observed 4.5-4.7 - Observed 20.31b! 3
C p .
103 E— nj=1 n; >0 l
X - pot Vs (TeV)
102 ;‘ '23_2 n21 Lz o total tt pb
s o0 0 w720 (EW
i won M22 a9t TR 1301 -
10! F ° N ttZ | b
2 n>4 3 w4 2.0t HHWw o — L
- P> j = —
: R 1 e ttH
- . o upper
1 F a N 28 = -+ ttX cross
E ey s n>7 % l E IHEP 07 (2012) !
10-1 - n o D>8 i ’T : I—J
= nj =z E
: nj>6 d a8 ! iy wm E E
- n H-oyy : : :‘
-2 L n;>7 ! ]
10 E nj=7 n i i :g
- H—-2ZZ—-4¢ 1
[ N : a8 e
1073 e ! 8 Vo
E 1 1 1
PP JetsDijets W Z  tf tecanWW 7Y Wt H WZ 2Z Wy WW+ 7y gw tiz tty Zjj Wyyw=weiits chan
R=0.4 R=0.4 WZ EWK EWK
total |y|<3.0 |y|<3.0 fiducial fiducial fiducial total ~ total fiducial total fiducial total  total fiducial fiducial fiducial total  total fiducial fiducial fiducial fiducial total
y'<3.0 semilept. njet=0
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Global EWK fit =

mm Global EW fit
® The global fit now includes: T e
® 2-loops EVV corrections | e

Vy

v 7 W | =
k1T | ko 59 o :

“f . RTIAL € ub .y Ve R:)ep

ermionic osonic A(;’IIB | é
® Mixed EW-QCD terms (at order xXs) AGLD)| e m
lept : : : :

S0, Q)| - et
® Theoretical uncertainty on top mass N

Amt=05GeV A, _I_'_
® Consistent fit of all data |
e X’NDF=178/14

® TJop priority: measure VW mass VY-S I T R

IIilllliIlllilllllllIlillllillllill

® Amw=15MeV (direct) wrt 8 (fit) 3 2 4 0 1 2 3

(O, yirect - O)/ Oy

indirect
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® Prize winners: Higgs mass and LHCb B—K 'pp
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BSM Long-lived particles =

® All“easy” or “fast” analyses already completed by Moriond2013

® Now looking in every corner we can with as much “ingenuity” as
possible

® Search for Long-lived BSM particles is based on anomalous displaced
vertex

® Or search for stable massive particle (de/dx)
19.6 fb™' (8 TeV)

7 [ LI | B | 1 1 LB 1] LI l
-(-.é) 10 CIMSI ] I ' I ] LA I ] l I > -é T 1] T T l T T T T ] T T L] T I T MT T TI I I T ) T L] g
= A pi Diboson 8 - ATLAS Preliminary ) d;;as‘abese ection i
wn 10°s €€ & W+lets o 10%Es=8TeV, |Ldt=18.41 =
o ; 4 Data 0 - background 3
E ok - 00 .. ; C e §—>%/qﬁi?. m(3)=1000 GeV
.9 lZ/Y_’tﬁ:' 3 H""XX, X—’e+e. .q_J 1 O E + ......... m(i1)=100 GeV, I(g)=10ns 1§
D ol = . - E‘ E cod et T, %, -7 . ME)=350 GeV 7
= lZ/‘r-’e'e G—qx.x —e'ev L 1 + i eem TX)=1ns E
g il — s —— . L E
S10°E % F 1l :
7 5 10 F E
- I = , 3
= 102 -~ 2 '
12 t 2 E i —
GJ : 35'_ 1 — 1 l 1 1 1 1 l 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 S =
> 10 : : 2 ol o WA N A A A § LA A SO AL
L - i P - i 5 25 e e S B B .
.E : 'L_‘E_ | : :—':[;;E}: ' i '1:_-‘ E %) od [N R ’——“_ ------------------------------------------------------------------------------------------------------ 7
1 R R e l,‘ 1HHE 1A § 1Sper l """"""" S ot i
AR HEHE AR 1l | — |

o ! | | 2 ‘g 05 ..l'tT}ll ..... et fassions W eisie o s S M W S S -

0 2. 4 5 8 10 12."14. 16 18 -20 S 0 500 1000 1500 2000 2500

IdOI/csd Mass [GeV]

virmAa | AnAny
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(S)top-pair searches e

4:,
® Stop-pair with small top-stop Am (“compressed SUSY i ‘iﬁ" %
t

~<

p
® Very similar to tt events!
IAyl < 1.0; 2 b tag (high mass) 19.7 fb (8 TeV)
M ° > ElllIlllllllllllllllllllllllllIlllIE
® Possible helps: 3 [ oms AW
1 1 8 : Preliminary — tr:on-top multijet
® |ncrease in cross-section 2 ek R 20 TeV. 15 widh
o f ) :
® Modified spin correlations CEE No excess
W ok observed
S 16000 ¢ Baia 'AITI'.AS'_: : .‘1‘.
£ 14000 [Jsmi (5=8TeV 203" 3 Set limits on Z
& 12000 {771 (A<0) . 1E production
10000~ [ Background - L Ll
8000 | |tt,180Gev [ - 2 1s5F ilaaliiRRRRRE
6000~ Fit T E = |
S A E s UL o0l H """"""""""""""" ;
Z0T0]0] SN . ) - T ] + + :
2000 consistent with S R U TP i = S
- 0 500 1000 1500 2000 2500 3000 350C
0
f 2F , , , , _: 31715 M. [GeV]
1.4 — ' ’
Q== e ® Boosted top jets (£’ —tt)
0.9F e e :
0.8k 1 - ® Jet substructure analysis mandatory
0 0.2 0.4 0.6 0.8 1
A¢ [rad]/

® Set limits on Z’ production
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Top mass

>

® CMS claims the most precise single LHC

CMS Preliminary, 19.7 fb- 1 {s=8TeV, l+jets

. . % 12000 I Itcorrectll ........ - Z+Jet5.,.,l. .......................... —
measurement using lepton+ijet 3 = o :
§ 10000 - D“thed-:g'ewp ________________________ =
® mt=172.0£0.2(stat)+0.8(syst)GeV 5 e :
£
® Very careful JES calibration € eoop
. . 4000 .............. ...........................................................................
® cross-check with b energy scale comparing s
. . . T R | R —
events with Z+jet and Z+bjet E o :
. e " et T
‘ July 2014 (" preliminary) E M +++¢¢,... ‘,,.-..ww“ﬁ*ﬂ 1'H'T +H,++
CDF-Il dilepton * T — o 05—t L 5 (1) - 300 400
- e . BUt Tevat ron mfit [GeV]
D@-Il dilepton 174.00 +2.80 (+2.36+ 1.49) . . . .
combination is still >  [(b) D@ 9.7 fb”
COF-ll aljets* 175.07+1.95 (21552 1.19) . G 400 l+jets Qata
slightly better S =
e QD 300~ ther bgs
CDF-Il MET+Jets 173.9341.85 (£126%138) 8 o B W+hf
o ® mt=174.3410.37(stat) £ 200t Walf
CDF-Il lepton+jets (THEE 4113 (0525056) c : B Multijet
8 +0.52(syst)GeV W 100"
D@-Il lepton+jets 174.98+0.76 (:0.41%0.63) -
Tevatron combination * || 174.34+0.64 (037 052) . We ShOUId be mOre _9 1 g_//’ """"""""""""""""""""""""""""""""""" iz /
(Run | and Run Il e . . - . ;_/ ....................................................................... /
interested inYt than me @ 1 | {Emmmonanlf -
| | | 200 400 600 800 1000
165 170 175 180 m. [GeV]
M, (GeV/c?)
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Single top production

! I il | | | I 1 I | 1 I | 1 | |

B ATLAS + CMS Preliminary TOPLH CWG - é%&)s(ztd::mqggée. ATLAS-CONF-2014-007 |

o : @ : —
Smgle top—quark productlon Jan 2015 ?H“é%ta((:zh(%g?gclas. JHEPOG (2014) 090

ATLAS Wt production
PLB716(2012) 142, ATLAS-CONF-2013-100 —_

CMS Wt production
PRL110(2013)022003, PRL112(2014)231802  —

LHC combination, Wt production
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 =

ATLAS s-channel, 95%C.L. —
ATLAS-CONF-2011-118, arXiv:1410.0647

CMS s-channel, 95%C L. T
CMS-PAS-TOP-13-009

—h
=
o

4 < % e o

—

*== NNLO arXiv:1404.7116 =
m,..= 173.2GeV, MSTW2008nnlo

— NNLO scale uncertainty -

- == NLO+NNLL PRD82(2011)091503,
= PRD 82 (2010)054018, PRD 81(2010) 054028 =

NLO +NNLL m, = 172 5GeV, MSTW2008nnlo

Wi production: tf contribution removed P
scale & PDF & «, uncertainty,

o)
=

Total inclusive cross-section [pb]
Q0
o

AN
o
|

e NLO arXiv:1007 3492 1406.4403 w—
m, .= 1725GeV, o= po=m,
CT10nlo, MSTW2008nlo. NNPDF2.3nlo (PDF4LHC)™
Wt production: pf veto for tt removal= 60 GeV

and p =65 GeV
m scale uncertainty

scale @ PDF @ @, uncertainty

b
All exp. results are w.rt.m_=172.5GeV ‘ f

O l l l r IA | l | | | | I | | | l

Upper limit /s [TeV]
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Single top s-channel production

Events/0.1

10*

10°

10

C g E— : —]
3 2 1

® Tevatron produced the first observation (6.30) of
the top production in the s-channel

- s-channel single top quark, Tevatron Run Il, Lint <97
¢ Data — Expected background
I SM signal

TET Illllll

e o T it

..... t-channel
Multijets
Le. = Higgs

155F IIHII|

n
o

Tk lIHlIl

o

Discriminar-n output [log, (s/b)]

>0.92 at 95% C.L.
+0.06
-0.05

Vil
V.| =1.02

’Té,_ " Single top quark, Tevatron Runll, L. <9.7 fb ™
-;35__ int
O
0 C
» [
@
5 2.5 o
T f arXiv:1503.(
c oF 0o Al
S T
 r
1.5
/5/7
1= 71 FCNC
- @ Measurement 1s.d ¢ Four gen.
0.5 % SM 2s.d O Top-flavor
- 3s.d /\ Top pion
O—IlllllllllIlIIlllllllllllllllllllllll
0 05 1 15 2 25 3 35

s-channel cross section [pb]

)5027]
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3500
3000
2500
2000
1500
1000

Candidates / (0.05 rad)

500

Candidates / 0.05

3500 s
3000
2500 F
2000
1500 F
1000 f

Candidates / 0.05

0 e —
i DO 8 fb HFAG
® World mesurement dominated 0.15/
— - 68% CL contours
by LHCb - (Alog £ = 1.15)
. 2 010l CMS 20 fb™
® Main channels: o :
< .
o B%— /1T 0.05|
P BOS_> TWKFTK- ATLAS 4.9 fb™"
‘ X
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
¢ [rad]
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NS

CKM: y angle

0.7 —r— , , R e e e e e T T
8 -
E |8 Amy & A € E’&Vlg -
V >k 0.8 :_E‘: Amd rnd ms ‘ Summer 14 —:
By 8 =
Y — arg | — ud ¥ ub 05 2 sin2p =
- V * - é i 3
Cd Cb 0.4 :—-9 —:
1= L -
® |ndirect Measurement: Y E EK ) E
0.2 |~ =
® Yy=66.9*"37 CKMfitter) o1 - B £
= i -
0'0-0.4 L 4)1.2 Y o ofz — of4 — ofs — ofs ‘ 1.0
:\é‘)\ 1 I 1
E 5 LHcb | B LHCb  _|
= 10 ! “ N
2 B>[nK*] K & B*>[n'K] K*
()
> 5 | —
S I il | T
. : 29 ¢ [ ] o 09 o \ [ ) 11X (1] [ ]
BT v ORI L U
5600 5200 5400 5600

. m(Dh*) MeV/c?2)
® Direct Measurements:

o LHCb y=73""10
® BaBary=69*"_4, Belle 68*'>_ 4

® Still a long way to go before
matching indirect measurement
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CKM:

IVubI

>

~ 18000 ———————1— —
. . RS - [ Combinatorial .

® First ever observation of Av—=pHV S 15000 F B Mis-identified LHCb -
éJ - EmD)puv preliminary :

— : A*+M_V :

® Br(Ap—pHTV) = (3.9240.83)x10* v 12000F mmay e .

: 5 9000 [ E

® Previous measurements showed = : :
. o [ .
tensions between |Vyp| measurements 5 6000F E

in exclusive vs inclusive decays. LHCb & 3yk =

Inclusive

Exclusive

LHCb

results agree with exclusive
measurements

LHCb preliminary

4000

) 5000
Corrected pu~ mass [MeV/c?]

P

Y

1z

V)

0.0025 0 003 0 0035 0 004 0 0045 0.005
V|

PER-2015-013
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From K to Pseudo-Observables %

® The k-factors (coupling deviations) framework only affects yields. Not
suited for the study of deviations of SM which affect shapes

® Since the run2 LHC program is full of searches for such deviations
(SUSY, composite scalar, top partners) a new framework is needed

® Wilson coefficients are an obvious choice, but too much deeply rooted
in theory, difficult to find a clear relation with observables

® Proposed solution: Pseudo-Observables, which will depend on the EFT
and the experimental signatures of a given process.

® This means experimentalists and theorists MUST work closely
together to define the appropriate PO

® PO might be form factors, or parameters of DATA-MC discrepancies
fits
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L H C p I a n s RB Training Quenches - MP3

11400 HWC target
for6 5 TeV -
.--""THH-\,“".;;*“ M 556-2008
® 20 I 5 PlanS: . 10800 -'.::' '.t.-i“ W 67
Rt L mse
g ) 1 M Y LILL M 556
® 65Te\/, 25n5, 40<B*<80Cm z 10208 .iﬁrl"' :ng-:ma
3 ‘ ! $23
® Energy issues: e mss
M s34
. 8000 - - :
® | ower quench margins, tolerance to : : I ” "
. o Circuit Quench Number
beam loss, intensity set-up beams,
Hardware closer to maximum ® Ramp the current until single
(beam dumps, power converters...) magnet quenches - “training
L uench”
® Bunch spacing issues: 1
® Repeat as necessar
® Electron-cloud, UFOs, more long P Y
range collisions, larger crossing ® No magnet quenched more than
angles, higher B* beam current once
2015 2016 2017 2018 2019 2020 2021 2022 2023

J|F|MIAIM] DD [A[S[ON|DL I FIMIAMID (D [A]S|ON|DL [ F{M{A[M[D {1 A S|OIN]D] D [F{M{A[M] 1] |A|S|OIN|D] D [F[M{A[M] )] ]A|S[ON[D] ] [FIMAIM] ]| |A|S[O[N[D] ] [FIMAIM D[] [A[S[ON|D]I|F{M]A[M]D[][A]|S)O]N|D]D FI"-'I|AI""I|JJP.SDND

EYETS LS2 LS3 2.5 years
. to mid 2025

I N N I |
Shutdown/Technical stop
Protons physics
Commissioning
lons
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Silver medal: CMS+ATLAS Higgs mass %

T I T T T ] T T T I T T T I T T T I T T T

> LN LU B IR BLELRLAL ILEULEL BB LR UL E; 351 e Data _
& 35F ATLAS ¢ oaa 1 ©
© E H o 77% _ a4 |:] Signal (m, = 124.5 GeV = 1.66) E i) g .Z+X E
S 30 :_ \s =7 TeV: J.Ldt=4.5fb" = i i ..2 30_ i DZ‘{.YZZ .
Precise mass determination g 25_I - 1 &% [ 126 Gev
possible in 2 channels: 4 oLATLAS H—4l 1 CMS H—4l -
5 5 155 -
* 4l and vy z = :
: 10[- :
- ; I } 1
- All other channels have v i 3 l M I
or hadrons in final state ) Oi R DY Y:
80 90 100 110 120 130 140 150 160 170 L L
m,, (GeV)
Comparable results among m,, [GeV]
. Y — U e 19.7 fo'' (8 TeV) + 5.1 fb" (7 TeV)
the 2 eXPerlmentS 2 iyt ATLAS s5f CMS S/(S+B) weighted sum
"6) 160 i/bweighted sum +9ala . fs n ° Data
Lot of work to properly S A B S
assess/correlate/quantify all 2 TN

ATLAS H—yy
the systematics in the 2

experiments in order to ,
combine properly the

likelihoods.

CMS H—my

i=114792%

ﬁ\H =124.70 + 0.34 GeV

n
(=]

S/(S+B) weighted events / GeV

200

T T [T [ TTT[TTT[TIT[TIT[TIT[TT LTI TTT
i FEEE It 71 FTTE SEN SN AR N ANn AR AR N AT

100

0

Y weights - fitted bkg

-100

~—710 120 130 140 150 16 110 115 120 125 130 135 140 145 150
L. [GeV
mrr[ eV] m'Y'Y (GeV)

OhbLONED®O
L LU AL LU L i
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Silver medal: CMS+ATLAS Higgs mass %

I I I I I I I I I I 1 I 1 I I 1 I I 1 I I I I 1 I I I 1 I I 1 I 1 I l I I
ATLAS and CMS preliminary — Total — Stat. — Syst.
LHC Run 1 Total Stat. Syst.
ATLAS H—yy ‘ H——a—i—H  126.02 +0.51 (+0.43 +0.27) GeV
CMS H—yy 1 i | 124.70 £ 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ Il . { 124.51+ 0.52 (+ 0.52 + 0.04) GeV
CMS H—ZZ —lill bt 125.59 + 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS yy H——e—H 125.07 +0.29 (+ 0.25 + 0.14) GeV
ATLAS+CMS 1l H——e—+—1 125.15 + 0.40 ( +0.37 £ 0.15) GeV
ATLAS+CMS yy+lill e 125.09 + 0.24 (+0.21+ 0.11) GeV
| | | | I | | | | I | | | | I | | | | I | | 1 | I | | | | I | | | 1 I | |
123 124 125 126 127 128 129
m,, [GeV]

® mH=125.09£0.2](stat)*0.1 | (syst) GeV

® (.19% precision! Among the most precise parameters of the EWK fit

® Systematics dominated by energy/momentum scale corrections
(dominated by the available statistics)

® Jensions mostly within experiments, no indications of channel
dependencies
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ut

® Decay fully described by 3 helicity angles QQ and q*>=m?,,,
® Total signal yield: 2398+57ev

2V
18
16

LHCb

preliminary

q* [GeV?/c4]

|i lllllllll

14

ll.lr.F.lIl "

54

| l | 1 | | I 1 | |
55 5.6

5.7

m(K* m urw) [GeV/c?]

1
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Gold medal: LHCb Bo%—K*up

® Significant signal observed in all g% bins

[0 1,0.98] GeV?/c*  [1.1,2.5]GeV?/c*  [2.5,4.0]GeV?/c*  [4.0,6.0] GeV?/c?

ol o o 0 o
< LHCb S 40 LHCb 9 LHCb S LHCb
% | preliminary | % preliminary ] % I preliminary % r preliminary
= = = | 1 = 40 —
g} 401 N g} a0k _ ag] L
v r 1 n v N W
A 2 = [ = 20( —
@ @ @ 10 @ 7
5200 5400 5600 5600 B | 5600 . 5
m(K*a utu”) [MeV/c?) m(K*w utu) [MeV/c?) m(K*a utu”) [MeV/c?) m(K*w utu”) [MeV/c?)
2 2/ 4 2 2
[6.0,8.0]GeV?/c! [11.0,12.5] GeV?/¢!  [15.0,17.0] GeVZ/¢!  [17.0,19.0] GeV?/c*
o c' L LI T i R
= LHCb 4 = LHCb = LHCb = LHCb
% oo i preliminary | % i preliminary | ?) 60 preliminary % preliminary
p= p= = 0 1 = ao0f .
ot o 400 1oL L
v v - 7a) i Vel
s | S 5
@ m 201 1 @ i
r 20 I
05200 5400 s600 5200 300 5600 05200 5400 5600
m(K*n utu”) [MeV/e?] m(K*m~ utu”) [MeV/c?) m(K*z~ utu”) [MeV/c?) m(K*zw~ u*u”) [MeV/c?]
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Gold medal: LHCb Bo%—K*up

-----------------
LHCb .
+preliminary ]

i

preliminary

P—
o)
=)

60

Events /0.1
2
Events /0.1

Events /0.1 &

o
o
T 1 T T T

-1 -0.5 0 0.5 1

Q. :

LHCb i

preliminary ]

® P’5is a combination of the %9 SM from DHMV 1

fitted angular distributions for [1407.8520] -

which hadronic form factors

uncertainties should be small 05k + l j_i__

® Discrepancy SM/Data in 4<q?<8 — AJé: —T— T
bins is about 3.70 T r-a—

q* [GeV?/ ¢4
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Gold medal: LHCb B%—K*up =

10—MmM7M8M8Mm ——F—————————
® . Matias and D. Straub ran S“:P*Charm |
(independently) a global fit of 0.5! cgpig_;;:_oﬁ ;
the SM and compared it with | i
LHCDb data, adding Wilson - 00
coefficients for NP in the fit |

® X25M=| 16.9/88 (p=2. |4%) ~02
o X2%m=125.8/91 (p=0.92%)

when including b—see-
® BSM with NP in CNPg preferred

wrt SM by 3.70,4.30 when 1
including b—see 05
-1 - | .
e CNPyjs linked to LFUV theories Zo L T ]
e QCD effects (charm loops) can a
mimic this. If it is NP than it _al
should be g2 independent o 5 10 15

q° [GeV?]
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Conclusions =

® An extremely rich physics program has been
presented at Moriond this year

® Great results on several topics: neutrinos, flavour physics,
theory, standard model...

® Unfortunately | couldn’t put in everything, but | hope you
enjoyed this presentation

® High expectations for LHC run2 and for HL-LHC

® [wo especially impressive results:

® from CMS/ATLAS the final h mass combination
® from LHCb a 4.30 SM incompatibility in B—=K 'up
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Comments =

® SM looks as solid as ever (despite LHCb efforts)

® Some roads left:
e 3 TeV SUSY, Z, flavour violation are still well in the game

® The experiments are delivering impressive results, but the theory seems
to have difficulties to keep the pace

® |MHO, we are headed again for an experiment driven period

® Suggestions that adimensional gravity with ggravity reaching a plateau
beforel0''GeV might solve naturalness

® Higgs fluctuation during inflation might give baryogenesys

® Vacuum metastability does not depends on M/MH alone

® EFT are the latest development, but might not be the best way out

® Not clear how you can get at the same time FV and Yukawa
couplings
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\

v (and DM) detectors common features =

= ali
® Deep underground cw, By @stnear  sifar @ Chooz

® Active/Passive shielding . = = ol

. 16t 16t f
around active volume GWth%b @ 16t near - @ '
860 m

® Fiducial vol |
iducial volume to select . N l' o0t mear |

: D
fully contained events v, B O3 N farm Bay
2x20t near

RENO

® extremely high radio N E—
radiopurity o
=Effective baselines e 1050 m eood E sEu?'\(/:;c\:ca)Inpargggsilllittgno
o |
® Coincidence from more | 10 m o — —

than | detection technique
for signal

Mt. [kenoyama

® |onization, Cherenkov 1360 m
light, phonons, =T e k — Neutrino Beam I\
scintillation light... F

Near Detecto

Smaniiety - Overview of T2K uﬁa
\
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lceCube
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® Cherenkov light in ice

® | ocated at geo south pole
® atm V only from above

® |km? active volume

® |.5-2.5km deep

® V detection threshold: ~200GeV —

® (oal: study the very high energetic
cosmological v and look for
possible cosmological sources

® Possible hints for DM, help to
study extreme cosmological
phenomena

- /@ Source of cosmic rays
. Cosmic rays
o Cosmic ray \ /

-~

Astrophysical~~. _ _ . .
neutrino T~ NS K Muons

» Searches use
» Direction, energy,
time
» Event topology
» Diffuse, point-
source approaches

Atmospheric
neutring--(WNEE—.E 7 -
L S ol 7

X .l

*Not to scale Atmosphere

Giacomo Ortona

95 LLR Seminar - LLR - 23/03/2015 I



Results from v reactors

Inverse Beta Decay (IBD ): v +p—e”+n
tH—=>D+y
+Gd = Gd — Gd +v's

8.5 Double
GW., [Eb m 8t near 8t far EI Chooz nH nGe

s — Ny
(1;\6,\,3 %b m 16t near 16t far m

afita

17.4 l m 2x20t near | Dava *
- 4x20t far m Y

—
N

—y
o

D
IIII]IIIIII'IIIIIIIIIII

RENO

(o]

A

860 m

Prompt energy [MeV]

Bay 2

GWth
l m 2x20t near |l
0

8 10 12
Delayed energy [MeV]

Neai
detectors

RENO Far

Electron antineutrino
survival probability

[

Effective baselines

Daya Bay Far
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Uncertalntles on expected flux =

CMS,

£ 105
*-'104
&

o
» 1.03

=
ro

trum/Uncorrected

ec
oo\ O
] Il'

l

l

I L I

Antineutrinos
Electrons

Mueller Antineutrino
Mueller Electron

Different calculations

.—"

...-.ff*‘ffffffff..(}-yleld to largely different

results

3 1

5 6 7 8

Kinetic Energy (MeV)

® These are really difficult calculations

Impossible to decide which one is better on theoretical grounds alone

® Quoted syst. are underestimated by ~2. This can cover the anomaly

® Need for new experiments (such as PROSPECT, SOLID, NUCIFER, STEREO)

® Until new data, claims for Vs on this basis should be rejected
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Planck

8 I | | |
. ! = Planck TT+lowP
® |mprovements for 2015: 7Ry il i
. . T 6 L % — feXt |
® Data calibration i ==+ Planick TT,TE,EE+lowP
> 5 ==+ lensing -
® Better control of systematics = (AN e i
>
® Full mission data (increase statistics) 3z °
S 2
® Polarization from Planck own =
Instruments 4 -
0.00 0.25 0.50 0.75 1.00
® No need to rely on maps anymore EmicfeV]

® Results
® Update Temperature spectrum + polarization spectrum
® 2my>0.23eV, close to what we need to test hierarchy

® Number of Relativistic DOF (3.046 if only photons and V)
Neg = 299 +£0.20 Planck TT, TE, EE+lowP ;

Neg = 3.04 £0.18 Planck TT, TE, EE4+lowP+BAO.
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BSM status

L_Q1 (ej) x? stopped gluino (cloud)
LQ1 (ej)+LQ.1 (vj) stopped stop (cloud)
Loz L)Qi(gg(XQ) -|- k HSCP gluino (cloud)
i)+ V] HSCP stop (cloud)
LQ3(vb) x2 Le p O q Uarks q=2/3e HSCP
LLQQS(Ib; X2 g=3e HSCP
3(tt) x2 i
LQ3(H) x2 chargino, ctau>100ns, AMSB

Single LQ1 (A=1)
Single LQ2 (A=1)

RS1(yy
RS1(ee,up
RS1(jj
RS1(WW—4;

CMS Prel%m

1 2 3

nary

SSM Z'(t1) |
SSM Z'(i) ——
ssmz@ob) |
SSM Z'ee)+Z'uy) | o
ssmwa@
ssmway |
SSM W (WZ—1vll) j
SSM W'(WZ—4j) ,
0 1 2 3 4 TeV
Excited
A Fermions
i (M=N
9" (a9)
g*(ay)
b*
0 1 2 3 4 Tev
coloron(jj) x2 »
coloron(4j) x2 MUH'IJeT
gluino(3j) x2
gluinol(jjb) x2 Resonances
0 1 2

Giacomo Ortona

4 TeV

4 TeV

neutralino, ctau=25cm, ECAL time

j+MET, vector DM=100 GeV, A
j+MET, axial-vector DM=100 GeV, A
j+MET, scalar DM=100 GeV, A
y+MET, vector DM=100 GeV, A
y+MET, axial-vector DM=100 GeV, A\
[+MET, &=+1, SI/SD DM=100 GeV, A
[+MET, &=-1, SI/SD DM=100 GeV, A
[+MET, &=0, SI/SD DM=100 GeV, A

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD (ee,uy), NED=4, MS
ADD (yy), nED=4, MS

ADD (jj), nED=4, MS

QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
QBH (jj), nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HnCM
single y, A HhCM
inclusive jets, A+
inclusive jets, A-

59

01234567 8910111213141516171819 TeV

Long-Lived
Particles

4 TeV

Dark Matter

= new
(since ICHEP)

2 3

Large Extra
Dimensions

4 TeV

2 3 4 5 6 7 8

Compositeness

TeV\
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BSM status -

ATLAS Exotics Searches* - 95% CL Exclusion = new ATLAS Preliminary

Status: March 2015 (since ICHEP) | [£dt=(1.0-203)fb! +s5=7,8TeV
Model £,y Jets EI'™ [Ldi[fb™] Mass limit Reference
T ! ! roor T r T ! ! oo ! ! ot
ADD Gkk +g/q - >1j Yes 20.3 n=2 1502.01518
ADD non-resonant £¢ 2e,u - - 20.3 n=3HLZ 1407.2410
ADD QBH — (q 1eu 1j - 20.3 n==6 1311.2006
‘g ADD QBH - 2j - 20.3 n==6 1407.1376
i) ADD BH high Ny 2 u (SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075
2  ADDBH high ¥ pr >le,pu >2j - 20.3 n=6, Mp = 3 TeV, non-rot BH 1405.4254
g ADD BH high multijet - >2j - 20.3 n=6, Mp = 3 TeV, non-rot BH Preliminary
3 RS1 Gk — ¢ 2e,pu - - 20.3 k/Mp; =0.1 1405.4123
© RS1 Gk — vy 2y - - 20.3 k/Mp = 0.1 Preliminary
X Bulk RS Gkx — ZZ — qqtt 2eu 2j/1J - 20.3 k/Mp =1.0 1409.6190
W gukRs Gk — WW = qqtv 1eu 2j/1J  Yes 203 k/Mp =1.0 1503.04677
Bulk RS Gkxx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev |l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gk — tt le,u >1b,>1J/2) Yes 20.3 BR = 0.925 ATLAS-CONF-2015-009
2UED / RPP 2e,u(SS) 21b,>1j VYes 20.3 Preliminary
- SSM Z’ — ¢¢ 2e,p - - 20.3 1405.4123
S SSM 7’ — 1t 27 - - 19.5 1502.07177
a SSM W’ — ¢v lepu - Yes 20.3 1407.7494
Q EGM W' - WZ - tv 't 3eu - Yes 20.3 1406.4456
g) EGM W’ — WZ — qqtt 2e,u 2j/1J - 20.3 1409.6190
% HVT W’ — WH — (vbb leu 2b Yes 20.3 gv=1 Preliminary
(O] LRSM W}, — tb lepu 2b,0-1] Yes 20.3 1410.4103
LRSM W”? - tb Oe,u >1b,1J - 20.3 1408.0886
- Cl qqqq - 2j - 17.3 Preliminary
O Cl gqtt 2e - - 20.3 L =-1 1407.2410
Cl uutt 2e,u(SS) 21b,>1j Yes 20.3 |Cul=1 Preliminary
S EFT D5 operator (Dirac) Oe,pu >1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1502.01518
Q EFT D9 operator (Dirac) Oe,u 14,<1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
o Scalar LQ 15t gen 2e >2j - 1.0 LQ mass 660 GeV p=1 1112.4828
=1 ScalarLQ 2" gen 2u >2j - 1.0 [ LQmass 685 GeV B=1 1203.3172
Scalar LQ 3™ gen le,u, 17 1b1]j - 47 | LQmass 534 GeV B=1 1303.0526
VLQTT - Ht+ X, Wb+ X 1e,u >1b,>3j Yes 20.3 qoEmREmREmREmRsmmamRammsEmRmees H isospin singlet ATLAS-CONF-2015-012
§*.‘£ VLQ TT -» Zt+ X 2/>3e,u  >2/>1b - 20.3 — see ta| k by T in (T,B) doublet 1409.5500
38 VLABB—2Zb+X 2/>3e,u  >2/>1b - 203 : ) LA Bin (B,Y) doublet 1409.5500
LS viaBB- Wt+X leu 21b>5] Yes 203 : S MaJ ewski i isospin singlet Preliminary
Tsi3 = Wt lepu 21b,25) Yes 203 A : Preliminary
s @ Excited quark g* — qy 1y 1j - 20.3 only u* and d*, A = m(q*) 1309.3230
Q@ _8 Excited quark g* — qg - 2j - 20.3 only u* and d*, A = m(q") 1407.1376
E E Excited quark b* — Wt lor2e,u1b,2jor1j Yes 47 b* mass 870 GeV left-handed coupling 1301.1583
] j_, Excited lepton £* — £y 2eu,1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* —» ¢W,vZ e urt - - 20.3 A=1.6TeV 1411.2921
LSTC a7 —» Wy ey 1y - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 2.1 m(Wg) = 2 TeV, no mixing 1203.5420
N Higgs triplet H** — ¢¢ 2 e,u(SS) - - 20.3 DY production, BR(H:* — ££)=1 1412.0237
2 Higgs triplet H** — (7 3eu,t - - 20.3 DY production, BR(H;* — £7)=1 1411.2921
"6 Monotop (non-res prod) Teu 1b Yes 20.3 anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e Preliminary
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, |g| = 1gp 1207.6411

L L L L I L L L L L L L1 I L L L L L L L1 I L L L L
10 1 10 Mass scale [TeV] 2

*Only a selection of the available mass limits on new states or phenomena is shown.
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Multi-Boson scattering

CMS

=

. CMS ~reiiminary 19.4 fb™ (8 TeV)
% 1000 ~ - Diatas IV\(/)Z/ZZ/WV
. . e [ a T wey
Measurement of the WW production cross section: - sof s, Wejets
‘g - N x\‘ 0-jet o
ow 'w=60.1+0.9(stat)£3.2(exp)x3.1(th)x[.6(lumi)pb ¢ "t , Fememey
L s
. . 400 \
- Consistent with NNLO (59.8*!3.| ;pb) ] ¥
200 = "\&
;_.—-—_— \'\‘
OE-I_A .. ! i ) SIS PAVIPNPN PP PPTIN-
First evidence (3.70) of 3-bosons final state (ATLAS) £ ‘.......... ....,++¢{+HM H T;
s 0—46 ...... 60 ..... éo ........ 100 120 ...... 140 160 180 2_00
© Wyy—lvyy o} (Go)
= T T T
§ 70[;_ ATLAS Internal lﬁ \[,Dva::a B
<2 6ok . Zy 3
. . 2 f 1 Wyj + Wjj
Issue: NLO EWK corrections are (in most cases) 3 50k + B G mackarouncs -
(i C
not available 40 N (s =8TeV, 20.3 fb' =
" muon channel
. . . 30+ —
Their effect is larger at high pt, exactly where data + Jet inclusive
o o . 20k —
are most sensitive for anomalous couplings effects WRs
10 =
| N
0 2 eafied PR
0 100 200 300 400 500
m, [GeV]
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EWK results from Tevatron

When coming to EWK measurement, Tevatron has the advantage of being
able to study asymmetries in the collisions

W — eV charge asymmetry inclusive
predictions are well describes, but low/high
Pt regions show some inconsistencies
> o
So2f @ DG, 9.7 fb" & [ 1 DOA, ®  DG,9TM"
g e A =] o1 N DO A“, 73 ! s :
g [ e Y E R R MC@NLO NNPDF2.3
B of . < NNPDF2.3 uncertainty
2 - i DOA, ,, TR MC@NLO MSTW2008NLO
ok . DBA,TIM! . < 005l RESBOS CTEQ6.6 ‘ .
EE e MC@NLO NNPDF2.3 -
i NNPDEF2.3 uncertainty o, i ]
B I MC@NLO MSTW2008NLO \ e ety l
i RESBOS CTEQ6.6 N\ 0:"“""1"1"""{'1"&1"1-- e B REEEESEEEE
0.6 — ES > 25 GeV L ES > 25 GeV
K. >25GeV i K. >25GeV
R - B 3 S e B =
1 ml
“a “a
& [ 1 Doa, ®  DG,9TM & [ 1 DA, ®  DG,9TMm" |
& 01} ----- MC@NLO NNPDF2.3 & g2f *+ DOATIM
Z<° r NNPDF2.3 uncertainty 24“ ----- I\N/Iﬁg)ﬁgg lll\InNCf:::lflts §
P MC@NLO MSTW2008NLO PR MC@NL.() MSTWZQgSNL()
< L RESBOS CTEQ6.6 . < ! RESBOS CTEQ6.6
0.05 - | 0.1 E; > 35 GeV
3 c | : Fy> 35 GeV
P ol NP St SRS 0 [ T T
I <L <35 GeV : : — IR I I f P
- 25 <K, <35 GeV InconS|ste_nt_W|th the consid-
L ¥ S R R \ered predictions j'ofs' S S V- S ¥ S
el m'l

0,1

<—— LEP and SLD Average
0.23153 + 0.00016

A, —o— 0.23099 + 0.00053
A(P) . 0.23159 + 0.00041
A, (SLD) . 0.23098 + 0.00026
Ap® . 0.23221 + 0.00029
Ap° —e—  0.23220 + 0.00081
Qe e 0.2324 +0.0012

A:: (CDF), 2.0 fb™

——e—— 0.2328 + 0.0011

A (CDF),9fb" +——e—— 0.2315 + 0.0010
A (DQ), 9.7 o' —e— 0.23147 + 0.00047
1 1 1 1 1 |
0228 0.23 0.232 0.234 0.236 0.238
sin’ o,

DO competitive with LEP
in the Zee forward/
backward asymmetry

Sensitive to u,d couplings
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Gold medal: LHCb Bo%s—K*upu 2/

Coeff. best fit 10 20 VX2 — Xauw P L%l
ciF —0.04 [-0.07,—-0.02] [-0.10,0.01] 1.52 1.1

c, 0.00 [—0.05, 0.06] [—0.11,0.11] 0.05 0.8

Cy" —1.12 [-1.34,—-0.88] [—1.55, —0.63] 4.33 10.6

C} —0.04  [-0.26,0.18] [—0.49, 0.40] 0.18 0.8

Cio 0.65 [0.40, 0.91] [0.17,1.19] 2.75 2.5

Ci, —0.01  [-0.19,0.16] [—0.36, 0.33] 0.09 0.8
ce¥ =cCly  —0.20 [-0.41,0.05] [—0.60, 0.33] 0.82 0.8
cf = -c¥ —0.57 [-0.73,—0.41] [-0.90,—0.27] 3.88 6.8
Cy = Cj, —0.08  [—0.33,0.17] [—0.58,0.41] 0.32 0.8
Co=—Ci, —0.00 [—0.11,0.10] [—0.22, 0.20] 0.03 0.8

Xy =125.8 for 91 measurements (p = 0.92 %)

® Most of the discrepancy in CNPy linked to LFV!
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_ CMS\
Top asymmetries -
Tevatron4 top LHC A top tt Ay Asymmetry (ASB)
anti-top ti-t CDF Leptonsjets (9.4 fb
e op PRD 87, Oe92pOO02r:;;)J1e3)S ( ) 16'4 i 4'7
DO Lepton+jets (9.7 fb™
PRD 9(?572)?T(J§)1841)( 1 ) T 106 T 30
DO Dilept 9.7 fb’ :
> e oo o DU —— 18.0+8.6
ay=y-y, M Aly) = Iy} = Iy Lepton qn Asymmetry (A' )
A N(Ay >0) - N(Ay <0) _ N(Alye| > 0) — N(Aly:| < 0) CDF Lepton+jets (9.4 fb™) 94 + 3.2
B N(Ay >0)+N(Ay <0) "€ NIyl >0) +N(@aly[<0)  |From o e | L2
ileptons (9.1 fb') X 72+6.0
PRL 113, 042001 (2014) 1 - - -
. DO Lepton+jets (9.7 fb™) 3.4
® Lot of interest for top PRD 90, 072001 (2014) N 9.0 37
. . L DO Dileptons (9.7 fb'™) 4.4+139
asymmetrles, since prellmlnary PRD 88, 112002 (2013) . R Al T
epton An Asymmetr
Tevatron results showed | °P nAasy Y (Acg)
o CDF Dileptons (9.1 fb™) . 76+82
deviations from the SM DO Dilentons (6.7 1)
PRD 88, 112002 (2013). * 123 * 56
) Impossible to StUd)’ tOp NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
| NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007
|

asymmetries at the LHC
® TJevatron leads in this study

® Full Tevatron dataset agrees
with (N)NLO predictions

-20 0 20 40
Asymmetry (%)
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Results from Borexino

10

1018
10 :[,--"""r_F:J L Bahcall-Serenelli 2005 1 zzfd.ﬂ.f. =172.3/147
e Neulrino Spectrum (= 1lo)
m_! g | — pp v: 144 + 13 (free) — 210pg: 583 =+ 2 (free)
R w.! [ § — 'Bev:46.2 + 2.1 (constrained) — 14C: 39.8 + 0.9 (constrained)
& E"EG:*: et ] — pep v: 2.8 (fixed) — Pile-up: 321 + 7 (constrained)
% B 1 - CNO »: 5.36 (fixed) —— 210B;: 27 + 8 (free)
e A y — 214pPh: 0.06 (fixed) — 8Kr: 1+ 9 (free)
& 100f +10.50 1 a
i 1
1

- —
[=] (=]
L] -
Al Rkt aeat
1
2 i
1
1

&=
-

1
Neutrine Energy in MeV

e pp-vrate = 144+13+10 cdp/100t

Events (c.p.d. per 100 t per keV)

3 22
|u|rq mmq |||rm| ||||H ||||n|—mwwmq I

1
e ®pyp=6.6+0.7x1010cm-=2s-1 (10 °
pp_ | ] — | | X C S O 10_2
15 1073
0.9 Borexino results only! 104
= pep W L[}
08__ pp -ID—E‘ IIIII..- ||||I|||||I||||||||.I||1||||.III.‘
= 150 200 250 300 350 400 450 500 550
0.7— Energy (keV)
— T
;‘3 0.6[— Be ¢ b 5
T, osE + B s 3
\?’ — e I 25_
0.4— | g <E
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Vacuum Stability
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“Precision Measurements of M,”

110

Metastability

___ Stability
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Precision measurements of M, (and My) cannot discriminate
between stability, metastability or criticality ... The knowledge of
M, and M;; alone is NOtT sufficient to decide of the EW vacuum
stability condition. We need informations on NEW PHYSICS in order to

asses this question ...
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v 0 measurement =

Pp.—p. = 1— sin© 2013 sin

+ term with 61> dependence, negligible for L < 1 km

ve disappearence

Near detector Far detector
measures flux looks for deficit

|
10°
L = distance from reactor to detector (m)

[Am3,] =eV2, [L] =m, [E] =MeV  AmZ, = Am2, = cos? 012|Am3, | + sin® f12| Am3, |

1. v, — . appearance in accelerator beam (T2K, NOvA)

Sin2[(1 — X)Agl]
(1 —x)?
Sinz(XAgl)
Sin2(XA31) Siﬂz[(l — X)A31]
X2 (1 —x)?

. 2 . D
P,,—v. = sin” 023 sin” 20;3

U
2 D . D
+ o cos” O>3sin” 201>

+ o sin 2615 sin 2613 sin 26>3

X (cos Azy cosdcp — sin Aszisindcp)
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