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HEP Panorama

The Highest Energies

+ Our pride, source of great hope(s); SM, Higgs, BSM, Flavor,
matter at its extremes

The neutrino sector

+ Cause v’s are so very different; PMNS, fermion nature, BSM,
sterility

The dark sector

+ The experimental evidence for physics outside the SM
The cosmos

+ Not strictly always “particle” physics; equally fundamental
Dedicated-measurement experiments

+ Complementary to high E; fundamental symmetries

Theory: because we need to understand what we’re
doing

P. Sphicas EPS HEP 2017, Venice
Highlights from EPS 2017 July 12, 2017

From: Highlights from this EPS—-HEP 2017 Conference by Paris Sphicas
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https://indico.cern.ch/event/466934/contributions/2474222/

LHCb - Observation of = **

* arXiv:1707.01621
e LHCb public page

* Phys. Rev. Lett. 119, 112001

=+ >/

=cc dcc
SCC

,Q+
2 0 N A:g’ Z+ + -
Z'c

¢ udc —
=0 Q 4
r—rC SSC
- udd d\ uud
dd
3 A’ \Z' +
us

dss 5
=" PDG 2016 review ()
- :

Enigmass, (L),A\ P P
\o/ X

11/4/2017 4


http://pdg.lbl.gov/2017/reviews/rpp2016-rev-quark-model.pdf
https://arxiv.org/abs/1707.01621
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-018.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.112001

Observation of g

« A reconstructed in the final state p K-+ u > > (7
C » L C A;'_
. . . i d
 This decay channel is expected to have a branching =+ d
“ecc
fraction up to 10% <:: u }7"+
U
. R R o [ K~
* Trigger and high-stat. charm datasets. uw
%4 it
g
* 1.7 fb-1 of pp 13 TeV collisions with collected in 2016
- ~60M A+ —pKm =
L 2340
>
. o é’ 2320
 Standard selection + multivariate selector to further g
— 2300
reduce the background level g
% 2280
- . — o S 2260
« Z. mass resolution improved by 40% using:
2240
=2+H+) = + =+ E) _ - +
mcand(ucc ) = m(Ac Krn'r ) Mcand (Ac ) -+ Mppg (Ac ) 3300 3400 3500 3600 3700 3800

mcand(E:c+) [ 10 MCV/CZ]
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Observation of z "
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A structure is visible in the signal mode at a mass of approximately 3620 MeV/c2
» The background control sample consists of wrong-sign (WS) A+ K-m+m- combinations

 No significant structure is visible in the WS control sample, or for events in the A+ mass sidebands
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Observation of Z_* (or Xi)

o = | J Y ' : I ! =
S 180E [ HCb 13 TeV E
2 160F E
= 140F Data H
= - —Total .
S 120F . Signal | E
2 100 ---Background + ) + .
S 80F I s
= = e ]
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] i f E
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m., (Zer) [MeV/c?]
m(=Z.+*) = 3621.40 £ 0.72 (stat.) £ 0.27 (syst.) £ 0.14 (A.*) MeV/c2

Signal yield =313 +33 — Local statistical significance=12¢
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Observation of z "

WEAK DECAY

OBSERVATION

/

LHCb-PAPER-2017-018

— :
LHCb 13 TeV

P. SPRADLIN (GLASGOW)

DISCOVERY OF Z7 AT LHCb
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https://indico.cern.ch/event/466934/contributions/2616767/

Observation of Z ™ - LHCb vs SELEX

OBSERVATION LHCbh-PAPER-2017-018

COMPARISON WITH SELEX

m(_,cc )LHCb m(_m)SELEX = 103 ﬂ: 2MeV
350 F
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Inconsistent with being isospin partners.

[E.g., Hwang and Chung, PRD 78 073013; Brodsky, Guo, Hanhart, and Meissner, PLB 698 251-255;

Karliner and Rosner, arXiv:1706.06961]

P. SPRADLIN (GLASGOW) DISCOVERY OF = Ee

=1+ AT LHCb EPS-HEP 2017.07.06
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https://indico.cern.ch/event/466934/contributions/2616767/

ATLAS - H—bb

* arXiv:1708.03299

e ATLAS press release

A first LHC sighting of the Higgs boson in its favourite
decay

By ATLAS Collaboration, 6th July 2017

Until now, the Higgs boson had been observed
decaying to photons, tau-leptons, and W and Z

|IIIII|lrllIII|III'|I|I|III|III|I_

bosons. However, these impressive achievements -% 12~ ATLAS Preliminary —e— Data _
represent only 30% of the Higgs boson decays! The w " {s=13TeV,36.1 1" . VH — Vbb {“=1-3D}:
. , . . o Diboson

Higgs boson's favoured decay to a pair of b-quarks » 10} 0+7+2leptons U : -
. _ o L ncertainty i

(H-bb), which was predicted to happen around 58% v 243 jets, 2 b-tags i
of the time and thus drives the short lifetime of the % 8'_ Weighted by Higgs S/B Dijet mass analysis ]
Higgs boson, had so far remained elusive. Observing = S =
this decay would fill in one of the big missing pieces of E i ]
our knowledge of the Higgs sector. It would confirm = B__ ]
that the Higgs mechanism is responsible for the o - -
masses of quarks and might also provide hints of new @ 4'_ _
physics beyond our current theories. All in all, itis a E i ]
vital missing piece of the Higgs boson puzzle! -~ EF -
m b —
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https://arxiv.org/abs/1708.03299
https://atlas.cern/updates/physics-briefing/first-lhc-sighting-higgs-boson-its-favourite-decay

Standard Model Higgs boson
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http://pdg.lbl.gov/2017/reviews/rpp2016-rev-higgs-boson.pdf

H—Dbb - Analysis strategy

* Search for associated production VH (V = Z, W):

>2_I|III|III|III|IIIIlllllllllllll
: : ® . .F ATLAS Simulation o
- Clean signatures from V leptonic decays (Lg 18 s - 13TeV, 36.1 1" [y
. . . ~ | g[. Powheg MINLO SMZH I'Tbb :
- High trigger efficiency @ TE 2leptons, 2 jets, 2 b-tags i 1
o c A p%>150 GeV "ﬂ»Oq\
- Reduced multi-jet background Sl e
E\ - [ Standard Jet Calibration (Std.) KAT;C\)'\
(0] 1.2 [ /\ Std. + p-in-jet Correction AR
E T O Std. + p-in-jet + PtReco Correction
_e 1 [ gp  Std. + p-in-jet + Kinematic Likelihood Fit
* Improve H mass resolution £ s (o, -olo
08— Std. Std.
_ .. . L ——152GeVv 0%
Muon-in-jet correction . S Bt
. . T ==124Gev  18%
- b-jet p; correction ol
- Kinematic Likelihood fit for 2-lepton channel 02F
0 ) e
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H—bb - 1-lepton
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H—>bb - O-lepton and 2-lepton

/ZH — 1"l bb
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H—bb - Analysis strategy

* MVA discriminant (BDT) trained for Categories

: . 75 GeV < py < 150 GeV | py > 150 GeV

each Slgnal region Channel SR/CR 2 jets | 3 jets 2 jets I 3 jets
0-lepton SR - - BDT | BDT

. ' _ 1-lepton SR - - BDT | BDT

* Signal strength is evaluated using a 2-lepton SR BDT BDT BDT | BDT
global fit to 8 SR + 6 CR I-lepton | W + HF CR - - Yield | Yield

2-lepton epn CR M M, Yield m
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H—bb - Results

Enigmass,

N\

u = 1 .20 +024_023 (Stat.) +0'34—0.28 (Syst.) CS\I 108 ATLAS ;\I:/):lta—) Vbb (1=1.20)
2 joE 15=13TeV,36.1 1" -
L%) 10° 0+1+2 leptons -'\Snilr:rctjiliittop
o(VH) x B(H—bb) = 1.58 +0.55, ,, pb (expectation 1.31 pb) [ 2#3jets, 2b-tags et
b [ ] xf(lhl\b,bc,cc,bl)
e
* 3 lepton channels compatibility = 10% 10°
« Dominant uncertainties: signal modeling, MC statistics, b-tagging 1o
10
b
O B R R e
ATLAS VH, H(bb)  1s=13TeV, 36.1 fb" -
—Total  —Stat. (Tot.) ( Stat., Syst.) =
. o
oL | ey 045 530 (%057 0% )
1L . +0.69 +0.40 +0.56 - -
H=e—- 1.43 "5 (Zo3s 045 ) Dataset Do Slgmﬁcance
o | gp 07 (051 050 Exp. Obs. Exp. Obs.
F—e——i 90 “o61 (Z049: 042 ) O-lepton 4.2% 30% 1.7 0.5
ERifion: viniiiet | oiiin e ieping Gl i i 1-lepton 3.5% 1.1% 1.8 2.3
Comb. i ko= 1.20 Ty36  (Zo235 028 ) 2-lepton 3.1% 0.019% | 1.9 3.6
IlllIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII
001 22 3 4 5 6 7 .8 Combined | 0.12% 0.019% | 3.0 3.5 |
Best fit u°° for m =125 GeV
VH
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H—bb - Cross check

Enigmass,

o

» VH(bb) search using m,, as discriminant

M= 1.30+028 ., (stat.) +037 ;4 (SYyst.)

Observed excess: 3.5 0 (2.8 expected)
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H—bb - Validation VZ(bb)

Enigmuss

 Full search with MVA for diboson search (VZ)

Myz = 1.171 #0121, (stat.) 022, 4 (Syst.)

Observed excess: 5.8 0 (5.3 expected)

wz

Y4

Comb.

ATLAS VZ,Z(bb)  1s=13TeV, 36.1 fb”
—Total — Stat.

(Tot.) (Stat., Syst.)

+0.60 [ +0.24 +0.55
H-LH 1.02 (T024 5 052 )

-0.57
HeH +0.29 +0.16  +0.24
1.13 -0.26 (—0.16 » -0.20 )

1 .1 1 +0.25 ( +0.12  +0.22 )

-0.22

-0.11 » -0.19
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e e

. 2. 8: 4.5 6 -7
Best fit u°P
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w [ pY > 150 Gev -alina:ggm i 7 w E pY > 150 Gev -l\Sninl.c‘J_l_ettr:p = w pY > 150 GeV tZi+ll E
= I VV+(bb,bc,cc, = r ultije - =l
m W+cl r mm W+(bb,bc,cc,bl) 1 [ Single top ]
3| Wl ] o Wacl g mm W+(bb,bc,cc,bl) &
10°E mm Z+(bbbc,ccbl) 3 Wall S Uncertainty 4
Uncertainty = 1 03 mm Z+(bb,bc,cc,bl) — el e Pre-fit background
«+x. Pre-fit background | Y Uncertainty = = SMVZ — Vbb x10 _|
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H—bb - Run1+Run2 combination

K =0.90 £ 018 (stat.) +021, ,, (Syst.)

Observed significance 3.6 o (4 expected)

¢ Compatibility : Run1 vs Run2: 21% ; WH vs ZH: 34%

* Signal theoretical uncertainties correlated

* Observed minimum impact of (de-)correlation of the other uncertainties

s L B o e e W
ATLAS VH, H(bb) \s=7 TeV, 8 TeV, and 13 TeV
- .~ [Ldt=4.7 6, 20.3 fo, and 36.1 fb”
—Tota at.
(Tot.) ( Stat., Syst.)
WH| Ko 121 %55 (% %% )
0.35 0.27 +0.23
ZH o=y 0.69 to_33 (j0.26 ’1).21 )
Comb. ‘ 0.28 0.18 +0.21
'Ti 0.90 1Lo.zs j0.18 7fo.19 )
IIIIIIIII!III|IIIIllllllIIII|IIII|IIII|IIII

-1 0 1 2 3 4 5 6 7 8
Best fit 2>, for m =125 GeV

7 TeV

8 TeV

13 TeV

Comb.

& 10"

o ATLAS B VH - Vbb (11=0.90)
2 10°E (5=7TeV,47 10" i Diboson

= it

:>_I’ 10°E (s =8 TeV,20.3 " Single top

Pull (stat.)

Vs=13TeV, 36.11f0"

0 L T ] R B [

T
-o- Data

Multijet
I W+(bb,bc,cc,bl)
Wacl
W+l
B Z+(bb,bc,cc,bl)
m Z+cl
Z+ll

S SRR SR
ATLAS VH, H(bb)

T
\s=7

[Ldt=4.7 6, 20.3 fo, and 36.1 fb”

— T T T
TeV, 8 TeV, and 13 TeV

—Total Stat.

: (Tot.) ( Stat., Syst.)

TP — .61 50 (+122 +087

: Ol 446 (1435002

0.43 033 +0.28

§':.:' 0.65 o4 (%032 024

0.42 024 +0.34

Hed  1.20 o5 (Y0235 lozs

+028 (4018 +0.21

'T 0.90 55 (%18 019

s e i T T B e e e
-2 0 2 4 6 8

Best fit p°P for m =125 GeV

Enigmass,
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H—bb - CMS result

Evidence for the decay of
the Higgs boson to

bottom quarks in CMS
Michele de Gruttola (CERN)
on behalf of the CMS Collaboration

HIG-16-044 arXiv:1709.07497,
submitted to Physics Letters B

CERN/EP seminar
03/10/2017

LHC seminar

11/4/2017
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https://indico.cern.ch/event/656769/

H—bb - CMS result

35.91b" (13 TeV)
e

] L
'E 10° cms ¢ Data —— VH(bb)
LE [l vH(bb) Bkg. unc.
10° [ ] Background
ZH(bb)
10* n=09=05
10° 5 WH (bb)
3 w=17:07
10? =3 .
] 0 lept.
10 n=00=05
B L -l flonnnflonnollonnnllonn ik 1 lept.
& 15F - : : - : - n=19:06
o | #JJL I3
S - bt 2 lept.
g g ] 1=18=08
5 f | ]
08 —=%F 3325 2 H5 T 05 o
Iogm(SfB)
Data used Significance Significance Signal strength
expected observed observed
Run 1 25 2.1 a8 o
Run 2 2.8 3.3 1095
Combined 3.8 3.8 1ee

LHC seminar

359" (13 TeV)

cMs |

pp —= VH;H —=bb
Combined n=1.2 £ 0.4

_1

Best fit u

significance
3.80 expected
3.80 observed !
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https://indico.cern.ch/event/656769/

Starting from the conclusions ...

Today’s feeling in HEP

From: Outlook by Fabio Zwirner

Criampes — <UAPP
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https://indico.cern.ch/event/466934/contributions/2474223/

... full of hope! ... and hard work ...

Sooner or later the fog will clear up

Wy

T G RS R ARt e

But it will not come by itself:
we must work hard for that!

) From: Outlook by Fabio Zwirner
Enigmuss - A P P
/ 23
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https://indico.cern.ch/event/466934/contributions/2474223/

LHC and beyond

Beyond the SM with energy
Energy frontier: direct searches for new particles
VS, 11¢/VS1.~6.5 (~7 Run=3) but s=xx,S & PDFs count

LHC / HL-LHi < HiLum Y

HL-LHC
installation

3000 b

Data collected so far < 2% of the final statistics:
still (moderate) room for new particles at the LHC
Another factor of 2 with 16T magnets at HE-LHC? 18

From: Outlook by Fabio Zwirner

s <UAPP
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https://indico.cern.ch/event/466934/contributions/2474223/

Enigmass

so far so good

LHC Pagel Fill: 6271 E: 6499 Ge¥ t(5B): 05:51:32 04-10-17 17:10:47

PROTON PHYSICS: STABLE BEAMS

6499 GeV I(B1): 1.63e+14 I(B2):

A-1] IP1: 9972.00 IP2: 8.18 IP5: 9881.63

rooo

E gl

Fa00on

4000 2

J 1e30 cm-2s5-1

Intensity

-3onon

-2000

Luminosity

| | - 1000 | |

1.68e+14

IP&:
ated: 17:10:44

I | | = Jm00 2300 0Z00 0500 0800
T T T T e T T
200 2300 0X00 0500 08:00 11:00 1400 17:00 AUCE — CMS — LHCh

El5 status and SMP flags
Comments (04-0Oct-2017 16:38:29) Link Status of Beam Permits

Global Beam Permit

Celebrating another big LHC achievement: Setup Beam

+++ 100fb-1 since 2010 *** Eeam Presence
Mowveable Devices Allowed In
crossing angle at 130urad in IP1/5 Stable Beams

25ns_1836b_1824 1052 1688 _9cbpi_20i8b4e PM Status Bl ENAELED  gEBEIEM{TIN:F EMABLED

T T
11:00 1400 17:00
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Observation of Z_* - 8 TeV sample

R F 1 & 1 T T3 Q, & 7§ [ &% LT[t Lo | ]

% 400 LHCb 8 TeV = % 120 LHCb & TeV 2

= 350 F E = 2aak :

e VE 9 Signal E S 100F  _pataRS =

5 300 F : = [ - +Data WS Ty

] (] Sideband 3 5 sof Lol g

2 “VE s g T 5

= ul = < - —

§2005 5 g 60: i

S 150 E 5 40 -

100 & 3 - L i .

- ; 20 H Mg -

7 o E i ' ]

0: : L RN e ot e ]
2250 2300 2350 3300 3400 3500 3600 3700 3800

M, (A [MeV/c?] M, (Z55) [MeV/e?]
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H—bb - Event selection

Selection 0-lepton 1-lepton 2-lepton
e sub-channel i sub-channel

Trigger ERes Single lepton Eyvss Single lepton
Leptons 0 loose leptons 1 tight electron | 1 medium muon 2 loose leptons with pp > 7 GeV

with pr > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
Ermiss > 150 GeV > 30 GeV - -
mey - - 81 GeV < myp < 101 GeV
Jets Exactly 2 or 3 jets Exactly 2 or > 3 jets
Jet pp > 20 GeV
b-jets Fxactly 2 b-tagged jets
Leading b-tagged jet pp > 45 GeV

Hr

> 120 (2 jets), >150 GeV (3 jets)

minAg(EF™, jois)]

> 20° (2 jets), > 30° (3 jets)

Ap(Emiss, bb) > 120° ~ —

A¢(51552) < 140° - _

AY(EF™, By <007 - -

pY. regions > 150 GeV (75, 150] GeV, > 150 GeV
Signal regions v My, > 75 GeV or myep < 225 GeV Same-flavour leptons

Opposite-sign charge (pp sub-channel)

Control regions

mp, < 75 GeV and my,, > 225 GeV

Different-flavour leptons

Enigmass,

11/4/2017

28



H—bb - signal Acceptance

my = 125 GeV at /s = 13 TeV

Process

Cross-section x B [fb]

Acceptance [%)]

O-lepton  1-lepton  2-lepton
qq — ZH — (lbb 29.9 < 0.1 < 0.1 7.0
g9 — ZH — (0bb 4.8 < 0.1 < 0.1 15.7
qq — WH — (vbb 269.0 0.2 1.0 —
qq — ZH — vvbb 89.1 1.9 - —
g9 — ZH — vubb 14.3 3.5 - —

Enigmass,

<LAPP
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