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~ We have been spoilt by so many excellent presentations this week - talks and posters - as
- well as this exceptional environment for tl[1e meeting
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With thanks to many people for discussion Hl&week including but not limited to: ;
Roberto Carlin, Gabriel Facini, Iwona Grabowska-Bold, Beate Heinemann, Phil Ilten, Roman Kogler, Alex
Lenz, Andrea Magqm, Giovanni Passaleva, Shahram Rahatlou, Pierre Savard, Bjoern Schenke, Luca

Sllvestnm Nmk@tyl&&, Dan Tovey, Vincenzo Vagnoni, Iacopo Vivarelli - B ,—"'-_-2-:1 G .

e i

Any mistakes - and provocatlons are mine,-not theirs!




Themes of the week

Approaching a decade after the start, the LHC is now a mature
machine, and the detectors are stable, and very well understood

Very large 13 TeV & ion samples and exquisite detector performance
enable:

* Major progress on “our scalar”

» A huge range of detailed measurements from all four experiments
which further our understanding of many parts of the Standard Model
and challenge state-of-the-art calculations

e Continuing searches:

* For ATLAS and CMS this LHCP catches the tail of the (2015+)2016-data
studies, and only the very first of the 2016+2017 searches

 For LHCb, we have the Run-1 analyses but Run-2 results to come
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Large samples and exquisite detector
rformance

.

https:/ /commoﬁs.wikimedia.org/wiki/Fil: Parmigiano_regg‘ian_q_\fac.tory.jpg
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Wonderful LHC performance
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Wonderful LHC performance
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Wonderful LHC performance
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Wonderful LHC performance

Ingenious use of levelling to optimise ATLAS+CMS luminosity delivery

» “Continuous” beam crossing angle reduction to inch up lumi during fill
Increase squeeze at end of fills (for now)

All the time using continuous separation levelling for LHCb and ALICE

Luminosity [10*cm~2s71)

2.0 A

1.5

1.0 1

0.5 1

Fill 6639, 2319b

— Alice x 1000

— Atlas

— CMS

|—— LHCb x 10

I crossing angle step

Courtesy C. Schwick

— beta* IP1/5

- 40

X-ing angle reduction
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The flexible LHC: ions et al

. fsNN=5.02 TeV

. Is, =5.02, 8.16 TeV
. Is, =5.44 TeV

e /s =5.02 TeV
PP

Run-2 samples for the heavy-ion programme, so far

Pb+Pb 2015 (2018 to come)
p+Pb 2016

Xe+Xe 2016 (6h)

pp data 2015, 2016 and 2017
2017 pp reference da

ta
! —— ATLASLUMLTOT_INST  —=— CMSLUMI_TOT_INST LHCE:LUMI_T QT _INST
E \m v \ |
< 1000 H
; I\ NN N N )
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I]_ ._]_|_. | i 1 L
12/11 23:00 13/11 23:00 14/11 23:00 15/11 23:00 16/11 23:00 17/11 23:00 18/11 23:00 19/11 23:00 20/11 23:00
UTC_TIME

Plus other special runs (few days / year) mainly for forward physics (elastic
scattering, diffraction)
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Detector performance

Events/0.5 GeV

The stunning performance of the LHC detectors continues to repay the thousands of
staff-years and meticulous care put into building them - matched by the ingenuity of
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Detector performance

The stunning performance of the LHC detectors continues to repay the thousands of
staff-years and meticulous care put into building them - matched by the ingenuity of
old and new analysis techniques
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Detector performance

The stunning performance of the LHC detectors continues to repay the thousands of
staff-years and meticulous care put into building them - matched by the ingenuity of
old and new analysis techniques

Boosted top
tagger

(13 TeV)

[CMS, DP-17-049]

Simulation Preliminary
| 1000 <p_< 1400 GeV, fn] < 1
Top vs QCD multijet

—\
<

=+=BDT (w/o b-tag)
=+« BDT (Full)

DNN (Particle kinematics)
= DNN (Particle full)

QCD multijet efficiency
S

10°°

5

soft drop mass,

T3, subjet b
[CMS-PAS-|ME-15-002]

today’s standard

2-3% misidentification at
70% signal efficiency

A prime example for
machine learning

™ gain from a BDT

_ gain from a deep

neural network

—4 Lok
1075 0.2

Roman Kogler

Top efficiency

0.8 1

[see also ATL-PHYS-PUB-2017-004]
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Progress with our scalar




We have been in the news...

pe | Middle E Opinion

To grasp the latest physics breakthrough,
think of sumo wrestlers and barracudas

By Don Lincoln

(¥ Updated 2119 GMT (0519 HKT) June 4, 2018 n c

(CNN) — Scientific understanding proceeds by fits and starts, with an occasional detour down a wrong path.

However, today the world's physicists have a real advance to celeprate. They have observed the most massive
known fundamental subatomic particle directly interacting with an energy field that gives mass to the building
blocks of the universe.

This has never been done before and it gives increased insight
into a phenomenon that was only discovered just a few short
years ago. This energy field is important because, without it,
atoms couldn't exist.

The discovery was announced at the Large Hadron Collider
Physics (LHCP) 2018 conference in Bologna. Two independent
experiments (ATLAS and CMS) searched for this phenomenon
and both found clear evidence that it occurs. The two

Don Lincoln
CERN: what they are loaking for next 02:53 experiments have made thelr results available to the public and

NOAA Photo Library the scientific community, with the ATLAS paper being
submitted and the CMS paper being published.

Our understanding of the origins of the mass of fundamental {e.g. containing no structure within them)
subatomic particles is incomplete. In 1964, British physicist Peter Higgs and Belgian physicist Francois Englert
independently developed ideas leading to what we now call the Higgs field, an energy field that permeates the
universe and gives fundamental subatomic particles their mass. Mass Is related to weight, and also to why It's
hard to move heavy objects in outer space, where there is no weight. Without this field, these particles would
have no mass at all.

https://edition.cnn.com/2018/06/04/opinions/physics-discovery-lincoln/index.html
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ttH coupling

While we were confident of the ttH vertex from the production cross-section,
this is model-dependent, and the direct observation was missing
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https://dx.doi.org/10.1007/JHEP08(2016)045

ttH observation
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50 observation of ttH from CMS and ATLAS
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) , t

pp — ttH

_ ‘ |—> T —» e +Ve+V +Th++V,
CMS ttH bW-—> b+ +Vy,

candidate bWr—>biarq | jet
event b-jet
jet "
. .
b-jet .‘

: 5 > g
s e \e- i

A

D Charlton / Birmingham - Lt 16



ttH observation

50 observation of ttH from CMS and ATLAS

Very sophisticated analyses, pushing detector
performance very far, many channels, MVAs...

Phys. Rev. Lett. 120, 231801 (2018)
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Sum of Weights / 2.5 GeV

ttH observation

50 observation of ttH from CMS and ATLAS
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Very sophisticated analyses, pushing detector - > - H

performance very far, many channels, MVAs...
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H decays to tt

35917 (13 TeV)

Again complex analyses, _
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H decays to bb

PLB 780 (2018) 501

Results with 2016 data mainly released last year _ ssew'sTew
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Higgs to bosons - entering precision era

Run-2 analyses with 80 fb-' for the first time — higher precision is coming!
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H differential cross-sections

Measurements of fiducial and differential
cross-section distributions made already

at Run-1 with low statistics

Much physics in Py s for example
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Standardised fiducial cross-sections

i i g, e arLs T L AT

Simplified template cross-sections _ﬂI,LZA*S Preliminary e B

(STXS) defined by common effort in LHC :éil,i\é. i SMPredcion T

Higgs cross-section group B dok ob ] (@8], 0 |
; | - £ 850 + 160 720 + 50

Finer-grained cross-sections (“Stage-17) ggF_U_f;_tif, [ — é:é’séssset;f’snl w100 10+ |

becoming accessible now... goF-t-piMed | Hoes i2em |

ggF-1j-pH-High [ -« 7426 245 |

CMS Proliminary _______41.5 1o (13 TeV) goF-2 | B 160110 14030 |

o /o =1.13%2 o Ho2Z' >4 VBF-piLow | s E i

i B o Stage 0 sub-process VBF-p“T-High e 7 L 30 + 25 41253 =
my, = 125.09 GeV VH-Had — 20105  359°1%

6, /G, =112/ le Ul SM prediction VH-Lep . - 40+35  16.5'°° =

] T .{;SE’E.CLH .15‘4.“::% =

o 1 st CMS Stage-0 . 3 ; : 808/(081)0

vt Ctnea™""-0.00 e ATLAS-CONF-2018-018 su

cVHlepfctheo=2.23f;?2 °

Using these, and/or individual
experimental measurements, EFT fits
thHuquGlheE’:O'Oojgﬁ " CMS'PAS'HIG'18'OO1 Wl” a”OW more detalled SM teStS - and

T R R perhaps provide hints of BSM structure
0 1 2 3 4 5 6 7

Parameter value norm. to SM value

D Charlton / Birmingham - LHCP 2018 23



H: rare decays, more scalars?
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Massimo Telo


https://commons.wikimedia.org/wiki/User:Massimo_Tel%C3%B2

Standard Model Production Cross Section Measurements

Status: March 2018
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+19 MeV m,,

from ATLAS
Only LHC
measurement

EPJC78 (2018) 110

-2 AlnL

Precision EW mass measurements

to date

ALEPH

DELPHI

ATLAS W'
ATLAS W~

ATLAS W*

PRI TR T U L I —
ATLAS i >
. S,
. =
—.—.__
_________________________________________
————
_________________________________________
® Measurement
Stat. Uncertainty
— FuII Uncenamty +

80250 80300 80350 80400 80450 80500
m,, [MeV]

., CMS 35916 (13 Tev)
o T I T 2 E
|- I||
7F \
6
\ m,/ GeV
5F \
B: \ 124.97+0.24 (ATLAS)
ErERae 125.26+0.21 (CMS 4l@13 TeV)
— \
2;‘—!.’;1'151\56 \
F -----antﬁnnn[stal.nnl)‘].\ ——— — S
e e o b i b i ATLAS mTotaI Stal only
0 i i Run 1: {5 = 78 ToV, 25 f6", Run 2: 15 = 13 TaV, 35.1 " Total  (Stal. anly)
120 121 122 123 124 125 128 127 RuniH-d4l B — 124511 0.52( £ 0.52) GeV
My GGV} Run 1 H—yy M 12602 4 0.51 { £ 0.43) GeV
JHEP 11 (2017) 04 Run 2 H—4/ —_— 124.79 £ 0.37 { £ 0.36) GeV
Run 2 H—yy v——ol——-< 124.93 £ 0,40 { £0.21) GeV
Run 142 H—sd! = 124.71+ 0.30 { +0.30) GeV
Run 142 H—=yy —— 125.32 + 0.35 ( £ 0.19) GeV
Run 1Combined _.._. 125,38 £ 0.41 | £0.37) GeV
Run 2 Combined —_— 124 86 + 0.27 ( £0.18) GeV
”Run 1+‘Z Combmed is -—L E
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New CMS result on W+c at 13 TeV — probes
strange quark pdf - employs D* charm tag

CMS Preliminary L=35.7fb" at \s = 13TeV
> L —e— Data
£ 12000~ W+ L. . .
= B W+cE CMS Preliminary Hessian uncertainties
@ . W+b ._"‘
E 10000 Background - |
; i 2
um“{ A M [ GeV]: 0.145437 £ 0.000026 x i CMS, this analysis =19 GeV
o000 o [MeV]: 0.700369 + 0.022641
o ] ABMP16NLO
6000 — Integral Data: 19210 + 587
Integral MC: 19531+ 676 2 = ATLASepWZ16nnlo
Wec: 19348 + 290 ..
o Witkibe a0 Sensitive to
Web: 47 + 26
R strange sea
- i +
o, ! 2 e IO T YOk
0—.|....|......m|+.+w.&|+|+..t|. 1
0.14 0145 015 0155 016 0165 017
A m(D*,D°%) [GeV/c?]
CMS Preliminary L=35.7 fb”" at y = 13TeV
10% =— " Diat
= E Py >26 GeV = DiEIlEEson W Single t
8 1wl bl < 2.4 mt maco
.___N_- ? M':,S“Gev .\?v\:JEEtS .m:::ilgh'[ 1111 1 1 11 1111 1 1 111111
g0 10° 102 10"
> [ — = X
isge = (s+35)/(d+u)
3 CMS-PAS-SMP-17-014
10 &
- Tension with s-quark pdf from
18 . . .
Q roc ATLAS - derived from inclusive
= 12E .
s sossssssrestoremsssysHini et W/Z production
= 413 B0 BO 100 120 140 160 180 0
M [GeV] 28



Top pair production

Long-standing (Run-1) difficulties describing the observed p_(top) spectrum, although

NLO-based MC models much improved for Run-2 ST bl s e S
358 b (13 TeV 3 19 E Vs =13TeV, 36.1 fb” =i PWG*PVS E
. : ( eV) = = Parton level - PWG+H7
. 1=CMS  elnets |0 additional jets | S [ #'>500GeV.p’>350 Gev j_' ,,,,,,, g",?efp:";‘;@j’”m*“’s
8 = particle level e Data o= 102 Stat. Unc. =
" Sys @ stat o Fole Stat. ® Syst. Unc. 3
g - e . Stat = F :
T 107 e e + POWHEG P8 = 103
'8 - = L ¥ SHERPA CS E_ i _?
s - W - - POWHEG H++ - : -
B :'i.*.' wim MGS P8 [FXFX] 10 Al TN AR ALY
102 = val E . :
- Ak B
- o5k arXiv:1801.02052 _
3| . - :III,'II,:\':
107 E arXiv:1803.08856 e - PR e
N BV IR B B s o, e '-ﬂan LR T L
2| C s 05k e i i
Qs 14F . 0 100 200 300 400 500 600 700 800
= _ : } + A Pl [GeV]
L ] L,EH H‘F* L 1 """" CMS‘Preﬁmfnary | 35.9 fb (1'3 TeV)I
R e R M Ao A
5, ' o | O
0 8 - | , , ) \ . ‘ ? _ : - 2
0 100 200 300 400 500 600 700 800 o B NNLO+og, (LUXQED17)
p.(t) [GeV] ool NNLO+oS,,, (NNPDF3.1)
: - ¥  NNLO+NNLL' (NNPDF3.1)
A aN’LO (NNPDF3.0) ‘
Still none of the predictions . lcratiel
i L) : : :
describe all of the observables  CMS-PAS-TOP-17-014
well
107° — 2 & | i || i
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Single top

~ ATLAS+CMS Preliminary m  ATLAS t-channel

FRODOHN &) 112008, ERACTT (20471531

— LHClopWG JHEF 0 {20 T| 85

= & CMS t-channal
JHEF 12 (20123035, JHEP 6 {201 4] i,

FLE 772 2017 7TE2

- Single top-quark production
November 2017 J_i_ O ATLAS tW
L PLE 716 [20124 142 JHEP D {201 6064,

v 1 B1207E

o CMS W
annel PRL 110 [2013)022003, PAL 112 [2014) 231202
FAE-TOP-1T-18

_q_ *  LHC combination, tW
ATLAS-CONF.B016-023, CME-PAS.TOP:1501%

& ATLAE- channl

l:th 2011118 05% 0L,
F‘LH'.‘EElEEHE-‘-EES

¥ CMS s-channal
t'. il JHEF 04 (20165027 95% CL
e ! T8 T combingd Bt B5% CL

—k
-
R+
IIIIII|
IIIIII|

Inclusive cross-section [pb]

- - - MMNLO riB 738201458

Sala UTCaTE iy

_ - - - MNLO 4 NMLL proeazoigoeisoa

PRO-B2{204-0)0=40 18, PROS1{2010}- 04028
P e — i i conirbuion remowved
channel

o - scala & POF & i, unceriainy
e T — WL HFPEZ0S (2010 10, CRO1 912015 74
= u'- M.

CT10nko, METWHI0ANG, MMPDF2 30k
] D'I' vala for I remosnl = E0GeY and p =85 GaW %

10

B - gcale uncertainty

scale & POF & o, uncertainty
m,, = 172.5GeV

1 I I 1
7 8 13 'I'E [TEV]

t-channel and Wt production measured differentially
s-channel still unobserved at LHC - observed at Tevatron
Other associated production channels tZq and tyq should be seen soon
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Spectroscopy of y, (3P)

PRL108 (2012) 152001

%, (3P) was the first new state found at the LHC S ;2: i fazaan
% 50;_ Unconverted Photons i;:ckgmun » E
New analysis from CMS, obtains sufficient mass BAE
. . © 30
resolution to separate the y,(3P) and y_(3P), using = t
« Conversions 10F- ol R
e Low-Am decays to Y(3S)Y 056~ "58 100 102 104 108 108
m'wy) - m'p) +m_ o [GeV]
m(x,,(3P)) - m(x,(3P)) = 100__ CMS arXiv:1805.11192
10.60 + 0.64(stat) + 0.17 (syst) MeV . s=13TeV
Precision spectroscopy! S 801 L-Go0 D
> [
E BD'__ — Total fit
:{5‘ [ - Signal __(3P)
2 b .
}j 40 - Background
20/
B N ! ....|-=;:|-'."-f-f|*l"-1;. I|1"-4IC'_- T B N B R
10.4 10.45 10.5 10.55 10.6

D Charlton / Birmingham - LHCP 2018 Y(SS) v invariant mass (GEV)



Heavy hadron spectroscopy

] . = 200 :_ LHCb $ Daa _:
Multiple new states and decay modes being % F @ Toud ]
i = 150 Tos ]
found (or not...) with the huge data samples < T 40l Nt
— B b ]
g m E:MS Preliminary 19.6 b7 (8 TeV) @ 100 :_ A -+ Background _:
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=F © —Fit B *- BOK = - ]
P signais 52 S T sof E
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@40;_ 05550 5600 5650 5700
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QR sl o el Lo - . S 14 i 3
o7 5.8 5.82 5.84 5.86 5.88 5.9 — H =] ;
* Mo [GEV] decaying to Ypu S
S 5] r
= 1Y 3
B,;—B"K? 2 o
B, —B°K" 8 of
BS'HB*"KE (6-3'7 G) g [ LHCD F_”";gy AT LXK 12(;06 ' ;800(; - 20000 22000 2600(3
0220 2 T o Corvineora m(2u2ur) MeV/c?)
e B -~ T | L . [ . . . . L.
CMS-PAS-BPH-16-003 = g [TEs —emal
.‘1.; tr? 102 Vs=78,13TeV -::;xp.m.w: .
] o 2xp. (95 6% ) ]
Bt g0 Preliminary
8 1000 _ Cf(l i 1
- =,(6227) * -
|~ aXivi1805.09418 °
500 600 70 800 900 105— .
M*(AGK ") — M*(AD) [MeV/c?]
D Charlton / Birmingham - LHCP 2018 il el okt B e T S

LHCB-PAPER-2018-027 " MeV/e’]



Heavy hadron lifetimes

New lifetime measurements, with puzzles

» = o
8 [LHCb 0y 2B VX
g - Preliminary +Data
o %Fitsgf
2100 R
i
S Ll

50

L L L L | T L L L I L
0 0.2 0.04 0.6
Q/ decay time [ps]

—e— LHCb, ©,—Q% vX

PDG Average L >
Q% pK K 128

LHCB-PAPER-2018-028

FOCUS [2003] -
WAB89 [1995] —e—

E687 [1995] — ——o— LHCb Preliminary

R L
20 lifetime [fs]
LHCb Q_lifetime measurement much higher

than measured in previous experiments
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Candidates / (5 MeV/c?)
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—Total fit
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First measurement of ECC++ lifetime

(=) = 0.256 £ 9024 + 0,014 ps

-0.022 —
arXiv:1806.02744
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Measuring CKM y with LHCb

Precision measurement of CKM angle y a key LHCb goal, using
B—DK decays, and requiring excellent understanding of D decay

kinematics
|: | II| 1 1 I ] 1 1 ) | I 1 1 I | | 1
- || i
- Moriond 2018 \

Status of unitarity 06
triangle angles as
of Moriond-time

0.4
HFLAV average

then:

Y:(73-5i.21)0 02

(including LHCD!)
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Measuring CKM y with LHCb

Precision measurement of CKM angle y a key LHCb goal, using
B—DK decays, and requiring excellent understanding of D decay

kinematics

Many LHCb measurements, 3 new:

B decay D decay Methad Ref. Dataset' Status since last
combination [3]

BY — DK D — hth GLW [14] Run 1 & 2 Minor update

B* + DKt D — hth- ADS [15] Run 1 As before

BY -+ DKt D hto-otes GLW/ADS  [15] Rum 1 As before

Bt = DKt D — hth—a" GLW/ADS  [16] Run 1 As before

B* — DKt D — Kihthn- GGSZ [17] Run 1 As before

B* — DK D — KMhth GGSZ [18] Run 2 New

B* — DRt D— KK - GLS [19] Run 1 As belore

BT = D'K™ D — hth~ GLW [14] Run 1 & 2 Minor update

BY — DK D — hth GLW/ADS  [20] Run I & 2 Updated results

BT & DK™ D — hta—ata- GLW/ADS [20) Run1 & 2 New

BY - DKtata D — hth GLW/ADS [21] Rum 1 As belore

BY — DR D— K'nm ADS [22] Rum 1 As before

BY— DKt D — hth- GLW-Dalitz  [23] Run 1 As before

BY - DK D — Kirta GGSZ [24] Run 1 As before

BY — DFK= D= hth =zt TD [25] Rum 1 Updated results

BY— DFrd DY— Ktz—=t TD [26] Rum 1 New

I Run 1 corresponds to an integrated luminosity of 371 taken at centre-of-mass energies of 7 and

ETeV. Run 2 corresponds to an integrated luminosity of 2fh™

13 TeV.
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taken at a centre-of-mass energy of

B B! decays

B" decays
B B decays
B Combination
i LHCBI-CONIT-201 8-002 |

- i ' "]
S LHCb -
— 08 | Preliminary _|
0.6 .
TE. Y . E
02f :
[95.5% . AN ]
00 50 100 150

7 [°]
LHCb combination
7= (T4.013)°
Most precise single-experiment

average
Precision now close to that on a
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Heavy ions: collectivity and system size

Collective behaviour in large systems (e.g. central
Pb+Pb) dominated by hydrodynamic flow, well

established

Many results available on correlations in different
systems (pp, pPb, XeXe, PbPb), different probe
particles = improve understanding of collective

dynamics in smaller systems

’

b
el TTTT
° E@U‘ =

Ratio of yields to (n*+mn")

107 =
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Pt 1 A
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ol Gl Pz eq S
3§ b8 oo

ALICE Preliminary
® pp,\s=13TeV
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B Xe-Xe,\|s,, =544 TeV
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Particle yields vs charged
multiplicity - system independent?
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CMS Supplementary
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arXiv:1804.09767
pPb 8.16 TeV, 185 = NJj " < 250" ™

Near-side
ridge
with D
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pPb
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E o016
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- mi<os 0000 Ve .
008 gt L =
: r"/ Qlj ’ g "'x_\ * § * :
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RELLH ) XeXe :
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Particle correlations in small systems, en (Ml < 0.8)

apparently not purely from flow 36



Heavy ions: XeXe "microsample”

Six hours of data-taking in

Even tiny amounts of data can
provide new insights and pose new
questions

T T T T T T T T I T
" ATLAS Preliminary pp, 25pb”  Xe+Xe, 3ub’  Pb+Pb, 0.49 ny'|]
= = ' —
Inl<2.5 5=502TeV |5 _=544TeV |5 =502TeV
l'_t{ 1l |"eA|.am|. 10 5.44 Tav) ¥ \ MM
ATLAS-CONF-2018-007 I —
oo s
S e O B
o O no. e
= ) :
0.3- ROOISC L .
— 0T o e
XeiXe, (N 4 —eoeer Pb+Pb, (N )
— v part _ s v part
« 5-15%, 194 o 20-30%, 189
30-40%, 84 40-50%, 87
v 55-70%, 24 o 60-80%, 23
[}_1 — 1 1 1 1 Lol 1 1 1 1 11 1—TI
1 3 10 30 b [GeV]

R,, = (vield in AA)/(yield in pp)
Similar p, dependence in XeXe

and PbPb collisions
D Charlton / Birmingham - LHCP 2018

arXiv:1805.04432

- ALICE, Il <05
. Xe-Xe s, = 5.44 TeV

Pb-Pb |5,y = 5.02 TeV

—— Mo 1IN
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COTCNA Cote
- Mm Nparl +I“|:DreNpal1
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(Noard

Sharp increase in multiplicity
at high centrality in XeXe - not
seen in PbPb
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Events

Heavy ions: hard probes

5 -
PPb (174 nb”", |5, = 8.16 TeV) Fwd J/y E_ 45 LHCb Preliminary G_uie';a:\:
35- CMS e*/u* + >4j (>2b) production = 4¢ S PO ST | iras
305— + E_Jata may be 2 3.52— =EPS09
E .t} correct SenSit]ve to :g' 3:5_\\ Goncalves et al
25:— tt wrong nuclear gluon 25 z_ B =IP-SAT
-baCkground pdf at lOW'X 2;_ - [IM
F Cepilaetal.
15
E =GG-hs
1 E_ GS-hs
05E
I pp (same each panel) Ud iz'é cll 5
1 R} Pb+Pb
100 150 200 250 300 350 400 .~  pErr————————— _1 _— Yoy
Observation of tt Lol x’ 1.8% ATLAS Preliminary 50-80% pPb 173.4 'I‘b _ VSw= 8.16 TeV
o . S 1.6¢ ) Fr L T NRE
production in pPb collisions 2 1.4F Peripheral ME W S pr ey, CMS
PRL 119 (2017) 242001 - 14 13- P> 25Gevic Preliminary
= 0.8F s
~ 0.6
0.4F-
0.2

- Central =z
Jet quenching probed with 0.7
photon+jet events 0.6
- .
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p! =79.6-100 GeV Q-1

[+

0%

- —CT14 = free nucleon PDF

s 4 CT14+EPPS16
- /4,CT14+nCTEQ15
1 I 1 1 1

0

05040608 1 12141618
. . ATLAS-CONF-2018-009 X

0.5

nt‘?,

1.5

MIIIIIIIIII

W production sensitive to nuclear
effects on nucleon PDFs
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Searching fast...

Several ATLAS, CMS searches already
include 2017 data, in simpler topologies

o /’—ee (CMS)
« W —8v (ATLAS)
* VV—-JJ resonances (ATLAS)

* Dijet resonances with a € (ATLAS)
e Type-lll seesaw heavy € (ATLAS)
« L-L light boson in 4p fmal state (CMS)

W
& 10° ATLAS Prelimjnan W @Tev) . Evata
i —W4TeV) [
(L Ys=13TeV (.Qafb
' , — W' (5TeV) @EBTopquark
W’ — uv selec "
10° w 0 oz
[JDiboson
10° CJMultijet
10°
102
10
1
107"
o 14
f 12
o 1 e
m 08
O 06

. R ] .
400 1000 2000 3000

ATLAS-CONF-2018-0157
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miee e
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1s=13 TeV((79.8 fb * Data

—— Background fit

Dijets + /e

5
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5

ATLAS-CONF-2018-015
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Searching fast...

Several ATLAS, CMS searches already M(33)=5.0 TeV
include 2017 data, in simpler topologies [N ATLAS

e VV-JJ resonances (ATLAS)

2016-09-01 16:52:46 CEST EXPERIMENT

10°

Events /0.1 TeV

WW+WZ SR
+2/DOF = 4.5/7

ATLAS Pjofimingry ¢ Data
1s =13 TeW 79.8 fb’ J — Fit

--- Fit + HVT model A m=2.0 TeV

--- Fit + HVT model A m=3.5 TeV

Striking visual impact of the

Significance

power of the detectors
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Searching fast...

Several ATLAS, CMS searches already
include 2017 data, in simpler topologies
o /’—ee (CMS)
W’—=8v (ATLAS)
VV-JJ resonances (ATLAS)
Dijet resonances with a € (ATLAS)
Type-lll seesaw heavy € (ATLAS)
L-L, light boson in 4y final state (CMS)

>104"I""I""I""I"'I""""I""I
[}] Elie
F 103k ATLAS Pelimingry ¢ Data
T 1s=13Tey = Fit
S -+ Fit + HVT model A m=2.0 TeV
£ --- Fit + HVT model A m=3.5 TeV
oEs 10
L .
1 RIS iy i
10 [ ——
WW+WZ SR
102 k- x%/DOF = 4.5(7
2 e
g I M
= .
(7)) : i i iy
3.5 4 4.5 5
my, [TeV]
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o (pp—= HVT W' — WZ) [pb]
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W)

T I T TT | T 1T I rTTT | T 1T I T TT I T TT | T 1T I T TT I T 1T | I;
. ATLAS Preliminary 95% C.L. exclusion limits J
miy —_ u —
j fs=13TeV, 361107 HVT model B g =3
= . Observed v =
E o, e Expected 3
- ——— qqqg .
B 5 e IVQQ -
—_ \w ++.0 “qq |
= \ - A E
E I 1 1 1 —EI'
05
V]

new 80 fb~! result

e ———————u

Roman Kogler
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Probing new regions

51 IO'.lIr L g bl L LN | s H d o L Frmir] |
LHCb search for dark = f LHCb L Rl R
photons decaying to S i Te o ~ pr(w) > 1GeV,p() > 20GeV
. . g : prompt pt
d1mgons - either prompt S o) 1 o :
= k
= 10
. o
Analysis engbled by.the 7 v T
data reduction possible m(utp”) [MeV]
With Offline-quality i | . 90% CL exclusion regions on [m(A’),£?]
reconstruction at trigger ol
107 g
Results use 2016 data - 107
big improvements 10 b
expected with 2017 10 B
10710 - LHCb
First constraints on dark 10" mm e
photons using displaced ot o i R

vertex signature m(A') [GeV ]
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Searching widely and deeply

In addlthn to “Standal’d » SUSY and ')E:[Hﬁr:] — it ﬁ?[HWO] Status: December 2017
) ) . = 1000 .
exotic topologies, also hunting for > - 36f7, fs=13TeV - o - Expected limits
. . : (O] 900 C Disappearing track (pixel-only) arXiv:1712.02118 A
new long-lived particles, motivated S UE 1842031, /=8 TeV Epaii
. [ - Pixel dE/d arXiv:1506/ i ;
e.g. in compressed models & (OO0 T caeaed | e 0SUSY notincluded
_8 E Disappearing track  arXiv:1310.3675 i | i :
E OF ATLAS Preliminary
NEW! DV+MET T 600 i e
CMIS-PAS EXO-17-018 R-Hadrons @ CMS s S
(see talk by V Kutzner) 500 - | :
\CMS Preliminary 13-39fb ! (13 TeV) - e B
= — — 400 [~ i i
& 300 _ g S q@XO (BR=100%) Status: February 2018 ] - : :
> - ¥-hadron cloud model) Jets + piiss, arXiv:1802.02110 - 300 | T
= or0n - - Expected m,o = 100 GeV, charge suppressed i = . [
LC:{ e Je\'r5+;r;!]‘."'3-*,arXiv:1802,02110 | tracker o454 : o
o i SeIveds N ~®= m; — m,o = 100 GeV, charge suppressed | dE/dX - ' ! LS
%‘3 2000 :_ ; .. i E::Tiﬁ'\%luin?égré':\g?‘?: -20{?‘519 | 100 &= Ll Ll : | |: i il
= P HSCP, CMS-PAS-EX0-16-036 | 105 1 i 105
. fgg = 0.1 " stopped (r for n=0, py=1) ; Inner Detector , Cao ;MS; t[ng]
ag; lJ()U p— /. 1 ||I||] 1 I:I |||||| 1 LI |||l||i 1 | illllli 1
L : s 1072 107" 1 10
09 ct [m]
P
[© | e S S) She E mS S S EREES eSS 18] . .
10~ 10~ 107 [0 10° 108 10° 10° 100 1072 10° EXploratlon of a zoo of tOpOlog]eS
reinterpreted 58 25 cr [m]
prompt search S : gl "']“ : | i | | : | NO Stone Unturned...
10=°.10=% .10 Q0% . 10° - 10° .10%. 10° 120% . 1Qis  q0ie
3 End 7 [ns]
Michael Williams
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Tensions over flavour

Recent excitement about tensions in lepton-

flavour universality (LFU) in B decays

Two different cases
e Tau’s in B decays (tree-level)
» “Tensions” mainly from B factories
 LHCb results so far consistent with
both B factories and SM

* Hadronic (3-prong) tau decay channel

agrees with SM at 10

D Charlton / Birmingham - LHCP 2018

R(D¥)

0.45

0.4

0.35

0.25

0.2

I L] 1 L] T I T 1 1 1 I I I
[ ——— BaBar, PRL109,101802(2012) ) —]
[ = Belle, PRD92,072014(2015) Ay” = 1.0 contours .
- LHCh, PRL115,111803(2015) . - -
[ ——— Belle, PRD94,072007(2016) emmm SM Predictions .
~ ——— Belle, PRL118.211801(2017) R(D)=0.300(8) HPQCD (2015) .
- = LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
" [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _J
__ ‘\‘% l ““ \..-IEG \\‘:
O 7 Y ll HFLAV BB
- -
— P(x) = 71.6%]
C I 1 1 1 L I [ 1 1 1 I L 1 L 1 I 1 1 L 1 I ]

0.2 0.3 0.4 0.5 0.6
R(D)

LHCb (3-prong red)

As of yet, modest input here from LHC(b)
Sensitive to common assumptions?
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Tensions over flavour

Recent excitement about tensions in lepton-
flavour universality (LFU) in B decays

Two different cases
° d

One example...
Ros — B(B”—} K%y / B(B"— K* )
e B(B”—) K™ I/u —_ )) B(B“—> K “J/u (= ete))

RI{U
—

|:!|||
|

 py:ee flavour ratios in FCNC loop decays

Y mo-e -
* Tensions at the 2.2-2.6 ¢ level - ‘ . I :
0.6 F

G RS [T M5 T [ G GO ) T (1 B0 A T |

Combined fits give striking “NP significances” : i

- caveat emptor with a posteriori TH fits to 041 Y CDHMV

complex analyses 021_ : ifs .
I LHCb s T

Such combined analyses provide interesting | N S A DS NIRRT

areas to look while new LHCb/Bfactory 4 L 2 3 406

results are gestating (—»Run-2 data!) Compatibility with predictions ¢ [GeV?/c]]

2.1-2.30 (0.045<q2/GeV2<1.1)
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High-energy consequences?

CMS showed impressive new search results, also with

2017 data, motivated by the LFU tensions

q b

ko
I

b
CMS Preliminary 35.9 b’ (13TeV)

&25 TR TR T AT
— Observed

Expected +1g
[[] Preferred by

B-anomaly £ 1a
—— Excluded by

| I T I L] I T

2.0

1.5

o
Pt R T R T T e
ot et e T e T T T e T T T
\.\'\\\\.\'\\\"\\\\.\'\\\"\\\\.\\\'\\\"\\\\.

e

1.0

0.5 Scalar LQ

B=1

U 1 1 1 I 1 1 1 I 111 I 11 | 11 1 I 11 1 I 1
'EUU 400 600 800 1000 1200 1400
DC Leptoquark mass (GeV)

95% CL limit on B(Z— Z'uu)xB(Z'=> up)

— CMS: Z»Zup—4yu (obs.)
-------- CMS: Z-Zup—4du (exp.)
Altmannshofer, et. al.
JHEP12(2016) 1086
Neutrino Trident

——— B. mixing

- BR(Z—> 4u), Vs =7 and 8 TeV
| 1 11 ||| | | 1 1 1 111
10 10 10°
m(Z)[GeV]

Keep looking!
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Searching widely and deepl

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

December 2017 \Vs=7,8,13TeV
Model emTy Jets EFS [ranm™) Mass limit vi=7,87ev |HEEHENN Reference
44, §—rat’s 0 2-6jets  Yes  36.1 m(E}<200 GeV, m(1* gen. gJ=m(2* gen.g) 171202332
i, G—q¥) (compressed) mono-jet  1-3jets  Yes  36.1 mig)-miE))<5 GeV 1711.03301
22, 24441 0 26jets  Yes  36.1 - m(E0)<200 GeV 171202332
%, B qati —qgWER) 0 26jels  Yes  36.1 2.0 m(#?)<200 GeV, m(F*)=0.5(m(¥})+m(z)) 1712.02332
B, B—qa(e6)t, ee, it 2jets  Yes 147 miF})<300GeV, 1611.05791
2, B qq(le/vE] 3ep 4 jets : 36.1 : m(7)=0GeV 1706.03731
-% 22, 3-qqW X! 0 7-1jets  Yes  36.1 : m(E}) <400 GeV 1708.02794
GMSB (£ NLSP) 127+01¢ 02jets  Yes 32 2.0 1607.05979
= GGM (bino NLSP) 2y S Yes 36.1 er{NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) ¥ 2jets  Yes  36.1 miE])=1700 GeV, er(NLSP)<0.1 mm, >0 ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes 20.3 FY2 geale 865 GeV m(G)=1.8x 107 eV, m(F)=m(7)=1.5TeV 1502.01518
§. E §2, g—bBE] ] 3k Yes 361 miE]) <600 GeV 1711.01901
T e 28 E0E) 0-1ep 3b  Yes 361 mi})<200 GeV 1711.01901
Byby, by —b¥) 0 2h Yes 361 miF))<d20GeV 1708.00266
& biby, byt 2e,u(SS) 1b Yes  36.1 miF})<200GeV, m(F; )= m{¥])+100 Gev 1706.03731
iy, | —obiE} 0-2epu 12b  Yes 47133 117-170GeV = 200-720 GeV m{Et) = 2m(F}), miF})=55 GeV 1209.2102, ATLAS-CONF-2016-077
i, i —WhED or i) 0-2epu 02jets/1-2b Yes 20.3/36.1 90-196Gev  0.1951.0TeV miF})=1Gev 1506.08616, 1709.04183, 1711.11520
i iy, i —ck) 0 mono-jet  Yes  36.1 mif,)}-miE])=5 GeV 171103301
-g i\ (natural GMSB) 2e,pu(2) 1b Yes 203 | 150-600 GeV miF])>150GeV 1403 5222
b b, o +Z 3eu(Z) 1b Yes 361 |7 . 290-790 GeV m(¥})=0GeV 1706.03986
By, =iy + h 1-2epu 4b Yes 361 | miE])=0Gev 1706.03986
FLrbLg, Eoet] 2ep 0 Yes 361 miE})=0 ATLAS-CONF-2017-038
TR K =B 2ep 0 Yes  36.1 miEl)=0, m(F, 7)=0.5(m{Fi )+m(E]) ATLAS-CONF-2017-039
T 9, ] (), By —Fr(v) 2r ; Yes 361 m{E)=0, m(, $1=0.5(m(E; jsme)) 1708.07875
: ;?*tg—‘zum(w;, EVELEGY) 3ep 0 Yes 361 m{ET j=m(E3), m{E?)=0, m(Z, 7)=0.5(m{¥; }+m{1}) ATLAS-CONF-2017-038
i § x‘x —W 23ep  O2jets  Yes  36.1 miE;)=miE3), m(E})=0,  decoupled ATLAS-CONF-2017-039
F‘ thX]]], h—sbb|WW/Tt[yy ey 0-2b  Yes 203 miET)=m(¥3), m(¥)=0,  decoupled 1501.07110
sxs xm -t dep 0 Yes 203 mE2)=m(E3), miE7)=0, m(Z, 7)=0.5(m(E3}sm(¥})) 1405.5086
GGM (wino NLSP) weak prod., ¥l —yG 1e .u +y = Yes 203 er<imm 1507.05493
GGM (bino NLSP) weak prod. ,\’“1 5 Yes  36.1 cr<imm ATLAS-CONF-2017-080
Direct.¥1%} prod., long-lived ¥ Disapp. trk 1 jet Yes 361 miF; )-miE7)~160 MeV, (¥} )=0.2 ns 171202118
Direct 1.4 prod., long-lived ¥ dE/dx trk - Yes  18.4 m{ET)-miE])~160 MeV, (¥} <15 ns 1506.05332
Stable, stopped § R-hadron 0 1-5jets  Yes 279 miF7)=100 GeV, 10 ps<r(#)<1000 s 1310.6584
2 Stable z R-hadron trk - E 32 1606.05129
Metastable  R-hadran dE/dx trk - : 3.2 mi#})=100 GeV, r>10 ns 1604.04520
8 Metastable g R-hadron, Foqak] displ. vix : Yes  32.8 (=017 ns, m(¥]) = 100GeV 1710.04801
GMSB, stable 7, F] —#(&, fi)+t(e, ) 12pu : - A% 10<tang<50 1411.6795
GMSE, #] -G, long-lived ¥} 2y - Yes  20.3 1<r(E})<3 ns, SPS8 model 1409.5542
&, X —eev/euviupy displ. ee/epfpp - = 203 7 <cr(¥])< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—sire + X, #r—vepfetut EJLET HT . : 3.2 =011, dyzzi3333=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS) 03b Yes 203 m{gi=mig), crsp<l mm 14042500
X]).’| X TaWE] XD—»eev ey, ppv dep 3 Yes 133 miEY)>400GeV, 4140 (k = 1,2) ATLAS-CONF-2016-075
= Bt —.W‘5 i —rrve, ety Jepu+t 5 Yes 203 miE})>0.2xmiE]), 4,33#0 1405.5086
& &8, 5 ,vg - gqq 0 4-5large-Rjets - 36.1 m(E)=1075 GeV SUSY-2016-22
28, g "hf, — gqq 1epu 8-10jets/0-4b - 36.1 mET)= 1 TeV, 4,220 1704.08493
28, g1, iy —bs 1equ 8-10jets/i0-4b - 36.1 mify)= 1 TeV, dy3#0 1704.08493
nh, h—bs 0 2jets+2b - 36.7 1710.07171
ff, h—bt 2epu 2h 5 36.1 BRI, —be/u)>20% 1710.05544
Other Scalar charm, z—ct) 0 2¢ Yes 203 |@ 510 GeV mE)<200 GeV 1501.01325
[: *Only a selection of the available mass limits on new states or 10-! 1
phenomena is shown. Many of the limits are based on 0 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.




More to explore: A call to arms!

Gabriel Facini
* To start, 13 TeV searches had tremendous discovery potential

* After searching in 13 TeV, we need to keep going

* to understand the detector (this talk)
and improve performance (next talk)

e cover the full parameter space

* expand the signatures studied in a given final state

e follow-up on interesting excesses from other experimental results

* cover all possible final states even without direct theory motivation.
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The future is bright...




Much work now devoted to upgrades...

LHC
Run 1 | Run 2 | | Run 3
s 13 TeV BEH 13514 Tev 14 Tev - Lt enargy
lidatio Point 4 L ? xl
2 nNomin.
7Tey BTeV ',‘,'.“,.?;,.,""J;.‘:‘.’mm." DS collimation mr:"é%n HL-LHC Iuﬁmfnoiny

RZE project P2-P7(11 T dip.) regions installation

1 : SRove experiment

F"'Iﬂ" 2 x nominal luminosity

:—':?rn &m p'ﬁ nomingal limingsty ._-___________,i m'mﬂﬂll “me i ummde ph 2
I : /

/ Integrated
EXd 150 1o 1 EXd oty

LS2 (2019-2020):

O LHC Injectors Upgrade (LIU)

O Civil engineering for HL-LHC equipment P1,P5
U First 11 T dipoles P7; cryogenics in P4

U Phase-1 upgrade of LHC experiments Schedule driven by radiation damage
to Lnner triplet (eol: 2023)

LS3 (2024-2026):
(J HL-LHC installation

O Phase-2 upgrade of ATLAS and CMS
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Much work now devoted to upgrades...

LHC
Run 1 I Run 2 | | Run 3
s 13 TeV BEH 13514 Tev 14 Tev i el energy
spll lidatio Point 4 Lok d al
ce consa ] nomin
7Tey BTeV R b Ilrruﬂon m&n HL—LHF !uminoasily
e ——— R2E project P2-P7(11 T dip.) regions installation

perim 1 - S experiment
Sompipes | romewweromy | | | PRI | . | upgrade phase 2
hurmi ity /
/ Integrated
EXd 150 1o 1 EXId Ko

LS2 (2019-2020):

O LHC Injectors Upgrade (LIU)

O Civil engineering for HL-LHC equipment P1,P5
U First 11 T dipoles P7; cryogenics in P4

U Phase-1 upgrade of LHC experiments Schedule driven by radiation damage
to Lnner triplet (eol: 2023)

LS3 (2024-2026):
(J HL-LHC installation

O Phase-2 upgrade of ATLAS and CMS

Be gentle when asking when the latest updated results will
come out, please...
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HL-LHC approaches

This morning’s talks provided excellent overviews of the experimental
upgrade programmes ... and Freddy discussed the magnhet work on Monday

11T dipole (Nb,Sn): long prototype
under asseblyat CERN

.l.'

Insertion of coil package inside
mechanical structure of the first IT
quad prototypes (4.2 m long) in
LBNL-USA
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By the time of LHCP 2019...

'.
...we will all be going back to rebuild \
and refurbish our accelerators and
detectors...

e LHC preparing for 14 TeV

« The injector upgrade/refitting (LIU) LHCP
will be well Underway - CONFERENCE
« The new shafts for HL-LHC will be T
going down...

« ALICE and LHCb will be taking out
and replacing large parts of their
detectors

» ATLAS and CMS will be taking out
and replacing small(er) parts of
their detectors

Will we start to see the first “full Run-
2” results..?
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In conclusion

Approaching a decade after the start, the LHC is now a mature machine,
and the detectors are stable, and very well understood

Major progress on “our” scalar: ttH.is there at tree-level, and y ~1

Measurement precision pushes calculations hard in many areas -
and we see huge progress.in higher-order calculations

Few (if any) signs yet of the solutions to our bigger problems (DM,
hierarchy, naturalness ...), but there are many places to look, and
flavour tensions to keep us excited

Only one percent of the full LHC data sample analysed!

Completion of Run-2, upgrades and then much more

data beyond: LHCPhysics will be the place to be for
many years to come!
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