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Introduction - Seoul, South Korea

“Seoul is a fast-moving modern metropolis and one of the largest cities in the
world. Home to over 10 million citizens, it is a friendly city that is easy to get
around.”




Introduction - Venue

2o

COEX MaII (contammg COnvention centers and EXhlbltlon halls)

Gangnam District (widely known for its heavily concentrated wealth and very high
standard of living, compared to cities such as Beverly Hills, California)




Introduction - Tour

[ SRl )
Korean Demiilitarized Zone (DMZ)
m Established by the provisions of the Korean Armistice Agreement to serve as a
buffer zone between North Korea and South Korea following the Korean War
(1950-1953)

m Visited “Third Tunnel of Aggression”, Dorasan Railway Station and obervation
tower looking out to North Korea



Introduction - View into North Korea
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Introduction - View into North Korea

View of North Korean city of Kaesong
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Introduction - View into North Korea

of North Korean “peace village” and 160m propaganda flagpole




Intr - Scale
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A conference on a huge scale!

m 1119 participants
m 835 parallel talks and 41 plenary talks

m 226 posters




Introduction - Agenda

July 4 July5 July 6 July7 July8 July9 July 10 July 11
(Wed) (Thu) (Fri) (Sat) {Sun) (Mon) (Tue) (Wed) Parallel SeSSiOnS

m Three very dense days of parallel talks!

Parallel | Parallel | Parallel Openingof | Plenary | Plenary
Sessions | Sessions | Sessions Plenary | Sessin | Session .
03.00-1030 | 09001030 | 09:00-10:30 03.00-1000 | 08451115 | 08451055 m Around 25 talks per session per day
Coffee Break | Coffee Break | Coffee Break Coffee Break | Caffee Break | Coffee Break m 9 simultaneous sessions each day
10:30-11:00 10:30-11:00 10:30-11:00 10:00-10:30 11:15-11:35 | 10:55-11:15
T e m |Impossible to follow anything but a
11 Report,
Parallel | Parallel | Parallel Plenary | Directors' | Award, i i 1 |
oy | s | S Sosar | e | o single corner of a single field!
11:001230 | 11001230 | 11:00-1230 10301200 Round-table = Show-case
Discussions | 111151225
11:50-12:35 .
P Sei Plenary Sessions
Lunch Lunch Lunch Tu&ur 120012:15 Lunch Lunch
12:30-14:00 12:30-14:00 12:30-14:00 12:35-13:40 | 12:25-13:40 H H
Satelite | _Lunoh m Summary talks spanning all main
Meetings 12:1513:30 . A
pillars of modern experimental and
Parallel | Parallel | Parallel Plenery | Plenary | Plenary theoretical HEP
Sessions | Sessions | Sessions Session | Session | Session
14:00-16:00 14:00-16:00 14:00-16:00 13:30-15:30 13:40-15:40 | 13:40-15:50
. )
m Very effective to learn about what's
Registration . . T
13001800 Coffee Break | Coffee Break | Coffee Break Coffee Break | Coffee Break | Coffee Break going on outside of your speC|aI|sm
16:00-16:30 16:00-16:30 16:00-16:30 15:30-16:00 15:40-16:10 15:50-16:20
Henary
ession
Parallel | Perallel | Parallel T b Extras
! Plonary Plenary
Sessions | Sessions | Sessions 0 b
16:30-18:30 | 16301830 | 16:30-1830 e | SENEL || e . .
Koot m Poster sessions, public lectures,
pecl
s committee reports (ICFA, IUPAP) and
Poster Public Public
Session Lecture | Lecture Il
18:30-19:30 18:00-21:00 19:30-21:00 aWa rds




Overview

Sorry...
m My “highlights” are obviously biased towards my own interests...

m However, they do cover many of the new results prepared for the conference and
the talks which received most attention from the audience

m Many talks (which | won't discuss) which will be of great interest to specialists, 1'd
encrourage you to browse the slides! (https://indico.cern.ch/event/686555/)
I will concentrate on the following selected highlights
m Latest results from the LHC (SM, Higgs, SUSY)
m Commissioning of new experiments (Belle Il and FNAL g — 2)
m Status of Lattice QCD calculations
m Selected results from neutrino experiments

m Latest results from AMS and a look at “multi-messenger astronomy”


https://indico.cern.ch/event/686555/

Latest measurement of Higgs boson
production and properties

Several important new results from ATLAS and CMS
New measurements of my and Iy

Unprecedented precision in differential cross-section measurements
Excitement surrounding H — bb decays, VH and tfH production



Measurements of my (Higgs Summary - G. Piacquadio)

W.Leight N.Wardle

¥ weights / GeV.
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Mass measurement

® New mass measurements based on H = yy and H = ZZ* — 4| final states.

ATLAS H = vy ATLAS H - ZZ* - 4| we CMSH > ZZF o 41
‘ SRAS S oM A e ™13, 1.5 0
e T dnas B f amas | 4om 3 "HEPT1(2017)047] , o
et weigaed H (5= 13TeV, 36.1 1" —Fit N gk H(125) E
sooL 3 40F Hozzes 4t Mewgouwd § 2 1 EI ::;Z ;:
w0 [arXiv:1806.00242] | 5 35 1 Eeo L
300 & 301 E M
200 251 E|
100] 20 E| 30
3 E 20
205 10F E
10E o , E 10,
e Mo 115 120 125 130 135 % 80 90 100 110 120 130 140 150 160 170
el m, Gev] m, (GeV)
my = 124.93+£0.40 GeV = mpy = 124.79 +0.37 GeV  mpy = 125.26 £ 0.21 GeV
L - > (stat. limited)
~—
124.86 £ 0.27 GeV (stat. limited)
® Run-2 CMS ZZ* alone 1.7 per-mille precision, ATLAS 2.1 per-mille in combination
e ATLAS + CMSRun-1: my = 125.09 & 0.24 GeV (1.9 per-mille)
Giacinto Piacquadio - ICHEP 2018



Measurements of 'y (Higgs Summary - G. Piacquadio)

[HIGG-2017-06]

Higgs boson width

® SM Higgs boson width (4 MeV) too small to be measured directly.

® Best direct limit from CMS H — ZZ* — 4| 5 )
(I'g < 1.10 GeV @ 95% CL) Ooff—shell X Ky off —shell * KZ,o0ff —shell
2 L2

® Or can measure the ratio of on-shell to OTon—shell X SN
Ty /Ty

off-shell cross section in H = ZZ*/WW#*

® ATLAS Run-2 measurement of off-shell

~ : N * O off —shell
cross-section for H = ZZ 41 /21 2v Loff—shell = off —she <38 (3.4eXp.)

S —— Ooff—s
3 10 AS Preliminarye oas off —shell,SM
S T8, gz, o
] £ sgoveF - z2(SH .
3 [ e Assumption:
g I Giverbackgrounds i
i X ncertainty Roff —shell = Kon—shell

NEW I'y < 14.4 MeV (15.2 MeV exp.)

® Uses NLO K factors for gg = (H* =) ZZ*
as function of M(ZZ) [caok et al, Phys. Rev. D 92 (2015) 18]

220 < myp < 2000 GeV

Events / SM

‘%t ® |mproves on Run-1 ATLAS and CMS expected
300 400 500 600 700 800 900 ‘Uumulrl[léiy\/] 0 |imitS by a|mOSt faccor 2
9 Giacinto Piacquadio - ICHEP 2018




Production Measurements | (Higgs Summary - G. Piacquadio)

L. Mijovic  V.Tavolaro

Precise differential measurements

ATLAS-CONF-2018-028 ® New ATLAS H — YY measurement with 80 fb-!

S [aTLAS Preliminary Horyy, =13 7oV, 70816 of Run-2 data.

g - Data, tot. unc. | Syst. unc;

5 =99*” defaitMc+ X+ 3 @ New CMS combined measurement of

o NNLOJET@SCET + XH .

-82 555 XH = VBF+VHsttH+bbH H - YY, H & ZZ and H — bb with
36 fb-! of Run-2.

MS Preliminary  35.9 fb (13 TeV)
[CMS-PAS-HIG-17-028] gg_, 4

for NEW

I An(p: > 600) / 250
3

z

P + =

g T o2

5 I,

] i

3 b 3
10

g <

g

&

102H

(pb/GeV)

N
H
T

4 Combination

o

50 100 150 200 250 3%0 35 i Syst. unc.
GeV]
Py 1GeV) 107 aMC@NLO, NNLOPS
. . £ gy from DO 10.23731/CYRM-2017-002 [
® Unprecedented precision on Higgs pt spectrum 0% Ll
5 4F
. . 5 af
® Good agreement with predictions. 2 2 .
‘g. .
®  No sign of New Physics in pr(H) tail yet! s 9
& 15 30 45 80 120 200 350 600

H
10 Giacinto Piacquadio - ICHEP 2018 p7 (GeV)




Production Measurements Il (Higgs Summary - G. Piacquadio)

E.Scott O.Kortner T.Sculac

Precise differential measurements

H - yy (36 fb-1)

CcMS 35.9 b7 (13 TeV)
3 H—yy
8 o ot 0, VBV caneo
S 105 e mmenamey AN oo aucanio, mwoes « e
—_r R e Y ggM amC@NLO + HX H — so fb. 1
G e YY (80 fb-1)
3 ) rom cveue7.002 . .
2 ATLAS Preliminary H-yy, Vs=13TeV, 79810

0,200 GaVIRO

- data, totunc. 1 syst. unc

: — a1
s L;,— . B H = vy + ZZ (36 fb-1)

Npw (b, >30GoV, W <29)21.N, =0

100 150 200 250 300 CMS Preliminary 35.9 fb™" (13 TeV)
5 ) 4+ Combi
g [CMS H!G 17- 025]‘_}7 T——— L _, 18 © ——
[ rl o
H : A i ez
2 4 r_._._‘_._[‘_._‘_‘_‘_‘_g S
& g0 Y0 20 2o 300 3 - MC@NLO, NNLOPS
) 5 uufom 0O 102073CYRM 201702
NEW oo

°

Ratio to default MC + XH.
.
3
T

NEW Mo J

® Many many new differential distributions measured.

EINSPEFS

Ratio to prediction

e All distributions in agreement with expectations.

ots
Il Giacinto Piacquadio - ICHEP 2018 NEw




H — bb decays | (Higgs Summary - G. Piacquadio)

VH, H = bb

® VH production most sensitive mode for H = bb at the LHC
® 3 channels (0, |-, 2 charged leptons from V=W/Z boson)
® Select 2 b-tagged jets and pr(V) > 75 or 150 GeV

® Main discriminant variables m(bb), pt(V) and AR(bb)
(combined into a Boosted Decision Tree)

0-lepton

m(bb)
£ q 3 1200 T e Non-resonant
(o] w 3 ATLAS Preliminary =i Vb (uet.16) backgrounds:
A~ W v I fs=13Tev,79.8 0" i Diboson
[a p 1000[— 0 tepton, 2 jets, 2 b-tags = Single top
o) N g pY = 150 Gev =y .
- a 3 Gncoran single top
! +vex Pre-fit background
— —_ SMVH — Vbb +5

(NLO, PowHeg)

W+jets

o1
=,
’
’
3 <
ol
@ ®
3 3
3 3
LN L e e

400 .
c Z+jets
q 200
(@] (NLO for up to 2
'5_ extra jets, Sherpa 2.2.1)
a, B 1.5 * T T T T T T T T T
- g 1 St Overall strategy:
- T 0. 1 1 1 1 1 L I 1 I . N
A g 8 0 5 100 750 200 750 300 350 400 450 500 normalization from

b m,, [GeV] data, shapes from MC
5  Giacinto Piacquadio - ICHEP 2018




H — bb decays Il (Higgs Summary - G. Piacquadio)

Run-2 VH, H — bb results

[ATLAS-CONF-2018-036]
& 10 T e Fit result with 79.8 fb-! of Run-2 data
e ATLAS Preliminary M VH — Vbb (u=1.16) T0.27
2 Vs=13TeV,79.8 b I Diboson K
. q = Omeas/0sm = 1.1
g 0+1+2 leptons -gingle top ,LL ] meas/ SM 670.25
243 jets, 2 b-tags = Mttt Significance: 4.90 (4.30 expected)

mw

Combination with Run-1:
= 0.98 4 0.14(stat.) T3 17 (syst.)
Significance: 4.90 (5.10 expected)

WTLAS Preiminary | —lDatal |
E . VH — Vbb (u=1.06)
I Diboson

fs=13Tev,79.810"

:‘_“T. 5| ; T T T T T T T é 16 0+1+2leptons Uncertainty =
ko —+ El 243jots 2 tags

S op—+ ‘* e ‘ ‘ ‘ ‘ ] 14 Weigntea by Higgs /8 Dijet mass analysis

& 35 3 25 2 5 -1 05 0 05 12 E

log, (S/B)

108 4 NEW 1

® Detailed validation of analysis:
® Fit to dibosonVZ,Z = bb: i = 1.2019:2 (9.60)
e m(bb) fit forVH,H = bb: = 1.06705 (3.60)

20l Ll 11
40 60 80 100 120 140 160 180 200
m,, [GeV]

Eents /10 GeV (Weighted, backgr. sub.)
e}

16  Giacinto Piacquadio - ICHEP 2018




H — bb decays Il (Higgs Summary - G. Piacquadio)

H — bb combination NEW
o Run-1+Run-2 mf:al p#eum;:‘ry Eredmadae | Significance:
- B (Tot.) (Stat, Syst.) 5.40 observed
¢ VHH=bb ek f e 190 8| (5 50 expected)
® VBF(+ggF),H — bb ’ P
ttH| g 100 9% (95, %8)
e ttH,H— bb
VH|  reu 098 0% (2. %18) .
Observation of
Comb.|  ve4 101 %% (932.2802) H — bb!!
R
MHﬂhh
VH combination NEW
e Run-2
® VHH-—bb Significance: Observation of
® VHH-vyy 5.30 observed (4.80 expected) VH production!!
® VHH - ZZ*

17 Giacinto Piacquadio - ICHEP 2018



ttH production | (Higgs Summary - G. Piacquadio)

C.Pardos Y. Horii Measurlng ttH prodUCtIOﬂ

b
ey
VeV,
b
b
g
q
b
* « _
H—-Z7" >4 H— WW* = fviv H — bb
H — vy H— 71 .
. arXiv:1804.03682]
(multi-leptons) [Phys. Rev. D 97 (2018) 0720161
T T T T T cms 359167 (13 TeV) Cms 3591 (13 TeV)
355 4 paa ATLAS « Observed [CIRare +tH 5 T T T T T T
Continuum Background (3= 13 TeV, 79.8 i i1 29) Eisc leplons | 12 SL(6jets,3btags) + Daa  [signal
B0 . tomiBackground  m,=12500Gev iz Uncertainty 5 10 i rode Wi Woe
f oo U AR B )

rXiv:1

X Wvsiets [ty
Phys.Rev.D.97(2018)072003"

MOboson (<] Uncertainty

arXiv:1806.00425]
arXiv:1804.02716]

Sum of Weights / 2.5 GeV.

L L
110 120 140

1.60 (2.20 exp.

150
m, [Ge\/]

.20 (2.80 exp.

CMS 1.40 (I.So‘ exp.) td B — - - 05 (CMS |nc| al! hadronlq channel

25 Gacinto Piacquadio - ICHEP 2018 Discriminant L °7DNN°dﬁsc,i,,‘,’i:am

.. EEN

Data / Pred




ttH production Il (Higgs Summary -

. Piacquadio)

C.Pardos Y.Horii

Combination of ttH measurements

5107 (7 TeV) +19.7 b (8 TeV) + 35.9 o' (13 TeV) arXiv:1806.00425]
CMS ® Observed T T T T T
— =10 (stat @ syst) ATLAS e Total R ——
r — o (sys) V5=13TeV, 36.1-79.8f0"
THWW?) ————— N Total  Stat. Syst.
HHOWW?) =20 (stat ® syst) B © At Syt
r 1iH (ob) = 079+ 3§ (= G% ,+053)
tH(ZZ") —
o 11H (multilepton) ] 186+ G5 (= 0% .= )
tiH ——
) 1iH (yy) —== 139 08 (= 3%+ 0%

tiH(bb) ———
748 TeV
i i +0.31
13 Tev 1,1470.27
; B +0.31
Combined ‘ _.k‘ 1'26—0.26 ) ‘
-1 0 1 2 3 4 5 6 7

u'tEH

@) e———

<1.77at68% CL

Combined HE==

132+ 0% (£0.18,= %)

Observation of ttH production!

26  Giacinto Piacquadio - ICHEP 2018
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CMS

Run-1+Run-2:5.20 (4.20 exp.)

ATLAS (up to 80 fb-!)
Run-2:5.80 (4.90 exp.)
Run-1+Run-2:6.30 (5.10 exp.)




H — v(nS) v | (Higgs Parallel - A. Chisholm)

H — M ~ Decays - Motivation

H — M ~ decays provide a clean probe of the
charm and light quark Yukawa couplings at the LHC

m M is a vector (JP€ = 177) light meson or quarkonium
state such as J/4,1(2S), T(nS), ¢(1020), p(770)

m Interference between direct (H — ¢g) and indirect H
(H — ~v") contributions oo

m Direct amplitude (upper) provides sensitivity to the
magnitude and sign of the Hqg couplings (e.g.
M = J/1) sensitive to Hc€ coupling)

= Indirect amplitude (lower) makes dominant contribution
to decay width, but not sensitive to Yukawa couplings

B(H — J/1~) = (2.99 £ 0.16) x 10~°

B(H — %(25)~) = (1.03 £ 0.06) x 10~ . ()
B(H — T(15)7) = (5.2t2%) x 107°

B(H— ¢v)=(23£01)x10"° i
B(H—pv)=(17£01)x107° i

1 Phys. Rev. D 90, 113010 (2014) (arXiv:1407.6695) 1 JHEP 1508 (2015) 012 (arXiv:1505.03870)

siv




H — v(nS) v Il (Higgs Parallel - A. Chisholm)

H/Z — 1)(nS) v Decays - Results (rxiv:1807.00802) %
> r T T T T > T T T T T T
8 eof- ATLAS 38 2 Batkgromdri -1s ATLAS
g F E:wa'r;v,‘se.\ b ] 100 =(Z:oFrrs\Ena«onc 15=13 TeV, 36.1 fb”!
32) i a:cig;ouna fit <10 § Sy bacground,,
& o B e & *°F Ble viosy i
E E=ZFSR
£ [1B(H= y(nS))=10° 60
30 [IB(Z— w(nSy)=10°
E 40
20|
B 15F i B 15 }
g . iy g .3 Fatitid bbbyt
S 50 100 150 200 250 800 & 2 22242628 3 52343638 4 42
m,.., [GeV] m,., [GeV]
Observable 95% CL Upper Limit
® Projections of fit Expecied Obsenved
to utp~y (left) and B(H — J/b7) (3.0°5%) x107* | 35x 107"
whp (right) B(H — ¥(2S)7) | (15.6157) x107* | 19.8 x 10~*
invariant mass B(Z—djwy) | (11733)x107° | 23x107°
Istributions — —
B(Z —¢(2S)v) | (6.0137)x107® | 45x10°°

World’s first limit on H/Z — 1(2S) ~ decays!
Limit on B(H — J/4 ) improved by factor =~ 4X w.r.t. Run 1 result!




Measurements of rare SM processes
with ATLAS and CMS

m New results on vector boson scattering (VBS) processes
m Processes represent direct probes of the heart of EWSB

m Measurements in several new channels now feasible with the LHC
Run 2 dataset



VBS Processes | (SM Summary - L. Skinna

VBS processes:

¢ Vector-boson scattering (VBS) processes
+ Key test of EWSB
+ Sensitive to anomalous QGC

¢ Enhanced in beyond-SM scenarios (e.g.
modified Higgs sector or new resonances)

st obseLvatlog @ CMS in 2d017 Observation @ ATLAS
(5-50 observed, 5.70 expected) (6.90 observed, 4.60 expected)
CMS 359 f (13 TeV) . : : :
c T T §2] .. ]
5 W
SO e iz e - .
2 =0.90:0.22 H oy conversions
c 1 Nonprompt - WZ 4
g Others Other prompt
L 100 N Bkg. unc. 44444 Total uncertainty
SIS ]
\\w\\;«\\w\m\m
0
500 1000 1500 2000 500 1000 1500 2000 2500 3000
ATLAS-CONF-2018-030 m, [GeV]

PRL 120 (2018) 081801 m. (GeV)
i 13




Processes Il (SM Summa

VBS processes: W*Z

+ Key test of EWSB
+ Sensitive to anomalous QGC
¢ Enhanced in beyond-SM scenarios (e.g. !
modified Higgs sector or new resonances)i

) NEW 1st observation @ ATLAS
L@IcHEP: (5.60 observed, 3.30 expected)

A~

q q

characteristic signature:
2 jets w. large rapidity
separation

offid)~1 fb Z
q q

Search @ CMS
(1.90 observed, 2.70 expected)

Limits placed on aTGC & charged Higgs e

o~
o ] ATLAS I"relimmary ! . Da.a'
~ 40 (s=13Tev,36.1 1" WZEW
@ - rzaco
g % = i apions _
> v )
o 30 P sy =
25 :ﬁ
20 H
15 é‘
10
277 m
5F X
E
o
s 2 =
El 2
]
T =]
o 1

3 05 0 05 1
ATLAS-CONF-2018-033 BDT Score

359 (13 TeV)
T
—— Observed
w+ - Expected
[EmERY
[J=20

CMS Preliminary
T

I I
500 1000
CMS-PAS-SMP-18-001

500 2000
m(H) [GeV]




Processes Ill (SM Summary - L. Skinnari)

ie Vector-boson scattering (VBS) processes !
E + Key test of EWSB E separation
+ Sensitive to anomalous QGC c(‘fid)»OAfb
i Enhanced in beyond-SM scenarios (e.g.

modified Higgs sector or new resonances)

35.9 b7 (13 TeV)
e

T T —
—-Data

W ZZjj EW
Wog —2ZZ
Hqq > 2ZZ
[Jttz, wwz
mZ+X

m; > 100 GeV

Approaching sensitivity
to EWZZ @ CMS

(2.70 excess, 1.60 expected)

electroweak

Y74

200 400 600 800 1000 1200 1400 1600

PLB 774 (2017) 682 m; [GeV]




Recent measurements of top quark production
and properties with ATLAS and CMS

m New single measurements of m; beginning to approach precision of
world average

m Excitement surrounding measurements of spin correlations in tt
production

m Efforts to measure tttt (“four top”) production at the LHC



Recent measurements of top quark production
and properties with ATLAS and CMS

m New single measurements of m; beginning to approach precision of
world average

m Excitement surrounding measurements of spin correlations in tt
production

m Efforts to measure tttt (“four top”) production at the LHC




Top properties: MIASS

® Key SM parameter
e Test EW vacuum stability

ATLAS+CMS Preliminary My, summary, {5 = 7-13 TeV September 2017
LHCIopWG
------- World Comb. Mar 2014, [7) —t——op

stat otal sta

total uncertainty M ¢ 10t stat 2 syst) 3
ATLAS, Ijets (7) 172312155 (0.75  1.35)
ATLAS, dilepton () 173,09+ 1,63 (0.64 = 1.50)
CMS, Isjots 173.49 1,06 (0.43 + 0.97)
CMs, dilepton 172,50 + 1,52 (0.43 + 1.46)
CMS, alljets 17349 +1.41 (069 + 1.23)
LHC comb. (Sep 2013) urciopvic 173.29 = 0.95 (0.35 = 0.88)
World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67)
ATLAS, et 17233127 (075 +1.02)
ATLAS, dilepton 17379 £ 1.41 (0,54 = 1.30)
ATLAS, alljets 1751218(14212)
ATLAS, single top 1722221 (07220)
ATLAS, dilepton 172,99+ 0.85 (0.41= 0.74)
ATLAS, al jets 17372115 (055 + 1.01)
ATLAS, lsets o 172,08 0,91 (0.38 + 0.82)
ATLAS comb. (32.2) 172,51+ 0.50 (0.27 = 0.42)
CMS, Isjets 17235 £ 0,51 (0.16 = 0.48)
CMs, dilepton 172822123 (0.19+1.22)
M, alljets 17232 0,64 (025 = 0.59)
CMS, single top 172,95 +1.22 (0.77 + 0.95)
CMS comb. (Sep 2015) 172.44 + 0.48 (0.13 = 0.47)
CMS_Tsjels

172.25 + 0,63 (0.08 + 0.62)

() Superseded by results
shown beiow the ine

L1 L1 .
165 170 175 180
LHCTopWGSummearyPlots my,, [GeV]

Events /5 GeV

Data/MC

13 TeV,
I+jets

Measurements of m; (SM Summary - L. Skinnari)

CMS-PAS-TOP-17-008

35.9 fb™ (13 TeV)
T
D Multijet

} Data

CMS preliminary
T T

. tt correct

[t wrong;

1600F
1400F
1200
1000

400
mft [GeV]
CMS all-jet (13 TeV)
172.34 +0.20 (stat+JSF)
+0.76 (syst) GeV

4.
100 200 300
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tt spin correlations (SM Summary - L. Skinnari)

SPIN

Top properties: ¢ pRELATIONS

e Measurement of top quark
spin correlations @ 13 TeV

+ Spin properties transferred

ATLAS-CONF-2018-027

to decay-leptons (here: ep) § T ]
B 16 ATLAS Preliminary  Inclusive ]
e Extract from unfolded 3 'or . ]
) ; o [ (s=13TeV,36.1 fb
normalized cross sections w.r.t. 2 44
|Ad| between leptons g I
* Could be modified due to 3 12f
. . X] [
different production/decay g £
+ 3.70 discrepancy observed 5
. . . z e ]
(3.20 including uncertainty on the 0.8]° — Powheg b
theory prediction) i 1 A
0.6 Data
r ---Fit result
04-\\\\‘\\\ o b oo b lon Lo b
0 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

— Nominal ttbar sample (NLO QCD)
— Nominal w/o spin correlations in top decay
== Incl. NLO effects in top decays
¢ Data
- = = Bestfit result

Parton level A¢(I*,I)/x [rad/n]
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“Four top” production (SM Summary - L.

ATLAS: Paper in preparation

Toward the very rare gl

t

SM tttt

® Gism ~ 10° x Oysm @ 13 TeV

* Sensitive to new physics (e.g. high
mass scalars), top Yukawa coupling

Observed (expected) significance
* ATLAS: 2.80 (1.00) « same-sign/opposite dileptons, I+jets

e CMS: 1.60 (1.00) « same-sign/trileptons
CMS 3591b" (13 TeV)
: : . r : 5 e e e e e e A
ATLAS Preliminas {5 =13TeV,36.1 fb" S of [« ommerint i
[ ~ T E == Obs. cross section |
A~ fHE(SM) % Prodclodcoss socton, |
Single lep. / OS dilep. 50, | #% piys mev. 0 05 (2017) 53004
40
S8 dilep. / trilep 20
= Expected = 1o 20
--- Expected + 20 |
Combined T ed o g
»»»»» Expected (u=1)
2 4 6 8 0
o s 0.5 1 15 2 25
95% CL limit on u = o/ o iy
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Status of LHC searches for supersymmetry

Several new results from ATLAS, CMS and LHCb with LHC Run 2
data

The "low hanging fruit” seems to have already been picked...
No evidence for SUSY with the broad LHC search programme

Searches extending to more obscure signatures...



Active SUSY search program

28 publications on SUSY searches with 2015-2016 data (36 fb™).

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS\fF’reIiminTa(/y
July 2018 $=7,8,13Te
emny Jets EP™ [raan') Mass limit V=T8TV Vi=13TeV

Compressed spectrum
squark degeneracy:
— squarks O(500 GeV)
L gluinos O(1 TeV)

Longer decay chain

more realistic models:
— sbottom O(700 GeV)
— stop O(700 GeV)

BREgx wee|wr g xe ¥

Low rate, compressed:
— winos O(~100 GeV)

sleptons O(~100 GeV)
— higgsino O(~100 GeV)

HETRT

IT

Complexity, long-lived:
gluinos O(1 TeV)
— stop O(500 GeV)

BEay eey

107! 1 Mass scale [TeV]

23 Simplified signatures covered to high masses, but plenty of low mass unexplored model space.
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Summary and outlook &) [ %

ATLAS e

New results at 13 TeV are being produced at a steady pace.
Completing the program with 36 fb™* (2015+2016) dataset.
Start to see first results with 80 fb™ dataset (2015+2016+2017).
Vast and versatile search program for SUSY.
No evidence for SUSY yet - strong message from the LHC.
In most favourable / challenging scenarios we exclude

- gluinos up to 0(2) / 0(1) TeV.

- squarks up to 0(1.5) / 0(0.5) TeV.

- stops and sbottoms up to 0(1) / 0(0.7) TeV.

- EW produced sparticles up to 0(0.5-1) / 0(0.1) TeV.
Regions of parameter space still not well covered.

Next step is to complete the program with the full
Run 2 dataset (150 fb™* expected).

Ensure we cover all signatures within our reach.



LHCb searches for light scalars (SUSY Summary - S. Strandberg)

Dimuon resonance in the Y region

25

« Search for a scalar resonance decay to

a pair of muons.

« Light scalars can appear e.g. in
NMSSM scenarios.

 Target difficult region around T
(5.5-15 GeV).

 Limits comparable to CMS, but
yextend closer to the T mass.

ﬂHCb ' 1 ,5' ) 95% CL upper Lmits
T 9 Median expected
Va= BT n{,“s;g‘ m— 8% expected
95% expected
—— Observed
CMS expected
—— CMS observed

% 1500
1000

500

« More LHCb: (@) (GeV]

es/(37.1 MeV)

V3 =T7.8TeV

1805 09820
L LHCb RN
. T(nS)
Je=s0n™ ---- Background

_— g — § (50 pb)
+  Data

3‘}.‘1 /L.M A2

LAl A

LM

6 8

T T
14 < pr < 50 GeV
F2<p<4s

—vusﬂ v ]

(

8.5 9.0

9.5

10.0

10.5 ll.U 115
mi ) [Gev]

LLPs decaying semileptonically (1612.00945) and to jets (1705.07332)
Indirect (1703.05747, 1703.02508, 1609.02032, 1712.08606, 1611.07704)




Commissioning of Belle Il + Super KEKB

Belle + KEKB — Belle Il 4+ Super KEKB

Upgrade accelerator complex to achieve £ = 8 x 103% cm?s~! (KEKB
achieved £ = 2.1 x 103* cm?s71)

Upgrade detector with latest technologies 4 higher radiation tolerance
Aim to collect a 50 ab~! sample of BB events by 2025



Upgrade Schedule (SuperKEKB/Belle Il Status - K. Akai)

SuperKEKB / Belle Il overall schedule

T

Calendar year 2010 2011 2012 ‘ 2013 2014 2015 2016 2017 2018 2019

Japan FY JFY2010  JFY2011  JFY2012 I JFY2013 JFV2014] JFY2015  JFY2016 l JFY2017 JfVZOlB] JFY2019 - - -
T T i T i i T T

KEKB operation ‘ X LER&HE_R_tuning i
+ SuperKEKB LER & HER upgrade construction | (nocollision) :
start-up Phase 1 (:ommissid:bning

w/o QS| !
w/o Belle Il

IR renovation | Beam collision tuning

Belle Il upgrade construction

Belle Il roll-in Phase 2 commissioning

w/ Qcs
w/ Belle Il (no VXD)

1 VXD installation
' w/ full Belle |

Phase 3

Positron damping ring (DR) construction

DR commissioning

Injector Linac upgrade construction & operation ' operation
A | | orvea

Now
K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018 July 9, 2018 7




SuperKEKB Upgrade (SuperKEKB/Belle Il Status - K. Akai) 1

91

Nano-Beam collision scheme

Nano-Beam scheme ‘ Invented by P. Raimondi.

Schematic view from oblique |

Collide very thin bunches
with a large crossing angle
(about 5 degree)

¥

Harmful beam-beam effect is

| == 50 nm (vertical size at IP) | suppressed because of small
overlapping area.

* Beams can be squeezed beyond

- the limitation for usual collision
due to the “hourglass effect”.

d

usual head-on (small angle) collision
2¢

- Half crossing angle: ¢ —

K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018




Belle 1l Upgrade (SuperKEKB/Belle Il Status - K. Akai)

Cut view of Belle Il Detector

Reuse Solenoid and mechanical structure from Belle. ta.kaSiPM
Upgrade with new technologies; K, and muon detector:
perform good under x20 higher beam background Resistive Plate Counter (barrel outer layers)

- - Scintillator + WLSF + MPPC' (end-caps,
= e ———

iAiner 2 barrel layers)
EM Calorimeter: \\\ = N ——— —
Csl(Tl), waveform samp = . ://///

(opt.) Pure Csl for end

icle Identification:
'.\\‘y» Propagation counter (barrel)

electron (7GeV) . focusing Aerogel RICH (fwd)
y

Beryllium beam pipe

radius = 1cm = positron (4GeV)

Vertex Detector:
2 layers DEPFET + 4

Readout (TRG, DAQ):
B Max. 30kHz L1 trigger ~100% efficient
Central Drift Chamb for hadronic events.

0/)- 0, 1MB(PXD)+100kB(others) per event
He(50%):C2H6(50%), Small cells, S B, e 3068/sec to record

Offline computing:
Distributed over the world via GRID

K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018 19




First Collision (SuperKEKB/Belle Il Status - K. Akai)

First collision

rf22018_4_25_0_42_54.dat

N g - fr
", iBuso Heiaht [ ,m] iBumo Heiaht [ um]

23832888

Vertical beam-beam kick

) 160 150
ROOMPHASE SET [degree]

{ Horkzonal Besn-bens Kick

First hadronic event observed by Belle Il
K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018

SuperKEKB control room




Entries / (0.001 GeV/c?)

Entries/(0.6 MeV/c?)

Physics data obtained at Belle Il in Phase 2

0
a¢_ T OVY
Belle Il L] 1
15F i =~5pb"
2018 (Preliminary) |, f s PR ]
¢+ | E>015GeV ]
o 1
101 + —
— Data 4 + 1
¢ | ]
¢ ‘s ]
05 . W"/ Mgt o o]
i ]
00 1 1 1 1 1 1 ]
0.08 0.10 0.12 0.14 0.16 0.18
m,, (GeV/c?)
0 + /
K n'n
6000— ! E
E Belle Il 2018 (preiminary) — Data E
S000 ILG(:ZSODD‘ — Fit
4000
3000 1 = (497.159 +0.013) MeV/c*
o = (3.4620.075) MeV/c*
2000— 4
1000
0

N
047 048 0.49 05 051

52
m(x'x) (GeV/c)
K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018

Entries/(1 [MeV/c?)

Entries/(0.01 GeV/c?)

J/p e

40 T T

35 Belle Il 2018
20 Preliminary

25 J-Ld|=250pb‘

Lol \|\Jm|

e : |
3 31 32 33 34
M(e*e) (GeV/c?)

¢ KK
# with PID
AR
vy

@
<3
3

600

N ¢
. "o s
oyt "™, ' e,
200/ 0 R
L at =250 pb
200! Belle 11 2018
Preliminary
L L L
1101 102 103 104 105 1.06
1K) (GeV/cd
m(K' K) (GgV/c?)




Rediscovering charm: D"Dxn* , DK™

% 1200 3
E 1000 1 0 DK T E|
© F + + Belle Ii 2018 (oreliminary) *|
% 80: Ldt=250pb" Bl
= 60
a b } ]
40
20 + 1 E
Baest e tat? AN . J
75 1.8 1.85 19 195 2
M(K*) (GeV/c?)
2 200 s DK R
2 180 H Belle Il 2018 (preliminary)
© 160 .
S 140 _‘-Lduzscvb
£ 120
5 100 t
80 e
60y .t H
bt H **‘ndﬁ AR
20 CAASRSE SHS Y
. - . —_—
P75 18 185 19 195 2
M(K7n) (GeV/ch)
< e
3 120 T D> D(Knnx)xt
Z 10 + Bello I 2018 (prelminary)
> Ldt=2! !
¢ s f dt = 250 po
E
G 60
40 +
20 A
+
R S atardbet AN Gasar s SRS
75 8 1.5 19 195 2

K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2"&%”

) (GeV/c?)

Entries / (0.42 MeV/c?)

Entries / (0.42 MeV/c?)

Entries / (0.42 MeV/c?) :l+

- _+_0 -+ -+
TKan , Ko n
1605 =)
140" + D' DK 3
120; + Belle Il 2018 (preliminary) é
100 + J’Ldl:250ph‘ E|
80 3
80 t ot E
40 oy 3
20" +, E|
E L oy e et et soes F|
0.14 0145 015 0155 016
AM (GeV/c?)
3500 ' ' J ! ]
L o 3
300 4 D" DK ) 3
Belle ll 2018 (preliminary) |
20 ILd( 250 pb’ El
=250 pt
200 ++
150 + 3
+ E|
100 e 3
50 e Pt
R 5
[ S - E)
0.14 0145 0.15 0.155 0.16
AM (GeV/c?)
160 } 0 DK T
140 + Belle Il 2018 (preliminary)
120 _[Lu1:250pb'
100 +
80
60 ot
40
+ +
4
20 st ‘“,.‘*.o o'od,n“‘..oww’o'o
017 0145 015 0.155 0.16
AM (GeV/c)
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Physics Commissioning (SuperKEKB /Belle Il Status - K. Akai)

Rediscovering beauty: B*D”h + B> J/y K"

Gaussian width of signal in M,_is consistent with MC !

F T T T [T G F T T T T T - Candidates in signal box
B> Dk Kam K KKK ] | 33 50| [k KonKn KRR (M, >5.27 GeV/c*,
-0 = [ |AE| < 0.050 GeV)
T [ o, e
> 8%>D (K, K3n)p' R P S
Bal oot Mode yield
£ 850 Ky =B 5 Dnf 51
8°>D* (Knjp® ExTviee u)K
e t 1| Bf=Dp* 16
1 go. Bellel 2018 roiminary) | B* — D*nt 3
Belle ll 2018 (proliminary) L dt=250pb" BO _y D*EnF 7
Ldt =250 pb” B® - D**)pF 3
B® — D*rF 13
B — D¥p¥ 8
B — J/yK™) 8

7%2 -0.15 -0.1 -0.05 0 0.05 0.1

9.2 521 522 523 524 525 526 527 5.28 529
M, (GeV/c?)

ool
Show capacity for charm physics in e' e¢” 9 cC
o D’,D", D
o Cabibbo favoured and suppressed modes

... for B-physics
o hadronic modes from b->c
o semileptonic decay modes from b->c

K. Akai, SuperKEKB/Belle Il status, ICHEP2018, July 9, 2018 38



Commissioning of FNAL muon g — 2 experiment



Muon anomalous magnetic moment (Flavour Theory - S. Fajfer)

‘ Muon anomalous magnetic moment ‘ (Schwinger a/m,
a Kinoshita higher orders in a)
ietig(p) |7 — =—io" g | we(p)eh  qu= (1)
2my k)

Dirac equation predicts g=2 a = (g - 2)/2

For electron a, theory and experiment agrees!

YYNYY

(18) (18) (2072) (120) (18)
th exp __ -8
a,' —a;,"" = —(3.06 = 0.76) x 10 40

Theory: uncertainty in hadronic contributions to the muon g - 2, (Jagerlehner, 1802.08019 ).
Lattice QCD great progress light-by-light study (RBC & UKQCD, 1801.07224).




Muon g — 2 (g — 2/EDM Summary - S. Mihara)

PHYSICS

. In uniform magnetic field, muon spin
rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

Continuation at FNAL with 0.1ppm precision 26




"PR D97 1 14025 (201 8)

Editors 5t

'e.\ \f"
BN
ol NG

I T
. | onmz i
- 180.2+4.9
HLMNT —m—
182.8:5.0
)
- !
c ’
U | BNL-E821 04 ave. [
E 208.916.3
o
2 bbbl b b b el
S w0 w0 w0 0 180 10 200 20 20 230
a,-11 659 000 (107%)
z waar

AL WV AR A R o — T .

gestion il Featred inPhyiics |

Muon g-2 and a(M2): A new data-based analysis

" and Thomas Teubnes

159 SBX, Un

Alexander
"Departuent of Mathe

Daisuke Nomura,”

havarzi,'

ed King

EX Theors ¢
nwa bstitute for Theor

Japan

<d 6 April 2018, published 25 Junc 2018)

on of th

i contributions la the

s 1 compled recs
ceat of the muon
7 haoson, Ay (M

adromic vacmm polarz
" and the hadronic ¢
). from the

caupling h
data. Foeus has heen pl Lz pew dats con

incorpores sl comelled sl and vy unglaig a bias free approach. Al available
e'e - ha t0ss scction data have b i maum; e new data compilition Lis
vielded the full hadronic R-ratio and its COVARANCE MANX in e energy rNge Aty € Vi < 112 GeV.
Using these combined dua and pectubative QD above tat rage reslts in estinates of the ladronic
‘ M10¥ 264+ 246) % 107 und

aniributions
—004) %

g=2 of the muon of o
1071, The new estimats for the Standird Mods

', which is 3.70
bution to the QED couplin
iM3) = 128946+ Q015 Det

¥ M, = 27611 + 111} % 10~ rexul
from similar related works are given.

SRevD 97,1 14025




Integrated POT

el TPl ]/ I/.ﬁ

e R LN

—— Integrated with g-2 DAQ live (89%)
—e— Rawe" total as % of BNL (%) (115.1%)

Integrated Raw e* as % of BNL (%)

1 n o © o
p & = @ o™ ‘w*,c v“*’l

0.95 billion positrons
Statistical uncertainty: 1.2 ppm

| data |3
—fit E

Fermilab Muon g-2 Collaboration
Production Run 1, 22-25 Apr 2018
PRELIMINARY, no quality cut

T
70 80 90
time modulo 100 yis




Review of Lattice QCD in 2018

Lattice QCD
for HEP

We are entering the

® Precision era of lattice
QCD for simple systems

® Beginning of reliable
lattice QCD results for
nuclear matrix elements

| will highlight some new results
in these areas since ICHEP2016

Lattice QCD can provide input for

Decay constants,
form factors, mixing

parameters

Hadronic vacuum

polarisation and
by-light scatterin

light-
9

. —
Neutrino-nucleus 7y, va (\
oK

interactions

Dark matter-nucl
and DM-nucleus
interactions

Muon-nucleus
cross-sections

eon

Parton distribution

functions

Phiala Shanahan,

MIT



Intro. to Lattice QCD (Lattice QCD - P. Shanahan)

Lattice QCD

Numerical first-principles approach to
non-perturbative QCD

® Discretise QCD onto 4D space-time lattice

® Approximate QCD path integral using
Monte-Carlo methods and importance
sampling

® Run on supercomputers and dedicated
clusters

® Take limit of vanishing discretisation, gluon quark
infinite volume, physical quark masses

Phiala Shanahan, MIT




Intro. to Lattice QCD (Lattice QCD - P. Shanahan)

Lattice QCD

Numerical first-principles approach to
non-perturbative QCD

INPUT

Lattice QCD action has same free
parameters as QCD: quark masses, ag

® Fix quark masses by matching to
measured hadron masses, e.g.,
7, K, D, Bs for u,d, s, c,b

® One experimental input to fix lattice
spacing in GeV (and also ag), e.g.,
25-18 splitting in Y, or fr or Q@ mass

OUTPUT

Calculations of all other
quantities are QCD
predictions

i g

e

Phiala Shanahan, MIT




as and mg from Lattice QCD (Lattice QCD - P. Shanahan)

Quark masses and o

The quark masses and & are the fundamental parameters of QCD
Their precise values are important for precision tests of the Standard Model

e.g., Next-generation of high-luminosity colliders will measure Higgs partial
widths to sub-percent precision to look for deviations from Standard-Model
expectations

' Need Standard Model calculations at same sub-percent precision; largest
uncertainties are currently in me, Mp, & & [LHCHXSWG-DRAFT-INT-2016-008]

' Lepage, Mackenzie, Peskin,

Continued progress towards
[arXiv:1404.0319]

precision goals since ICHEP2016

® Precision goals for me, mp, & &s Next goals:

needed by high-luminosity ILC ® Correlated determinations
® Qutlined timeline for lattice of me, mp, and s

QCD progress ® Dynamical QED

Phiala Shanahan, MIT




mg from Lattice QCD (Lattice QCD - P.

Bl
v B 3 (/g Update
s ||| 2 s Up
pich i I
]
Boito —e—h Q
; <
SM [ . . .
i . i Best lattice QCD uncertainties ~0.6-0.7%,
HPQCD (wison loops) A . o,
HPQD (cccomeiors by Ll approaching ILC target: 0.6%.
Maltmann (wisonloops) -8 Q . . .
i | o g Twice as precise as non-lattice world average
ETM (ghost-gluon vertex) o 0]
BBGPSV ot oty Lol ® Several independent lattice QCD methods
‘ALFHA (1ambda param.) &4 PRL 119, 102001 (2017) . .
o o] . available to obtain o
BBG I—O—li > E . . . .
R ] 2§ ® Results consistent, despite significantly
NNPDF o4 o c ) . .
MMHT e 28 different sources of systematic uncertainty
ALEPH jetstshapes) ;‘ B=—o———1 D
OPALjts) ——————i o
JADEts) t——— @t w R
Dissertori )~ —&f—1 tr 2017 nghllghti
JADEG) e o
DW ) —el 1 @ . . .
Ao o g Ngw \a}ttlce QCD determlnatlon‘based on
o T i 2 finite size scaling (rather than Wilson
* ) . )
GFitter ey e Loops and quarkonia) consistent and
s et | fiadror] precise: o =0.1185(8)(3) [PRL119, 102001]

011 0115 012 0125 0.13
2
April 2016 PDG 2018 as(MZ)

Phiala Shanahan, MIT




PDFs from Lattice QCD (Lattice QCD - P. Shanahan)

Parton distribution functions

Parton distribution Number densities of partons of type f with

. 2. .

. momentum fraction x at scale ;“in a given

functions f(z, u?) - “ 9
adron

PDFs quantify fundamental aspects of hadron structure

Nucleon PDFs are needed for e.g., searches for new physics at the LHC
through top-quark and Higgs-boson coupling measurements

Lattice QCD can provide

1
® Moments of PDFs with controlled uncertainties: / 2", 1?) = (2" (%)
0
# Inclusion in global PDF fits can reduce uncertainties

see workshop slides http://www.physics.ox.ac.uk/confs/PDFlattice2017
and community white paper [Prog.Part.Nucl.Phys.100 (2018) 107]

® First calculations of x-dependence of nucleon PDFs

Phiala Shanahan, MIT




PDFs from Lattice QCD (Lattice QCD - P. Shanahan)

Moments of PDFs

Lattice QCD can cleanly access low

moments of PDFs (n = 3)
[work to move beyond: Chambers et al., arXiv:1703.01153,

Davoudi & Savage, arXiv:1204.4146]
1
2 2
| ottty = @ o)
0
State-of-the-art calculations have:
® Fully-controlled systematic uncertainties
competitive with or better than
experiment for some quantities
® Separate contributions from
e Strangeness and light flavours

e Charge symmetry violation

e Gluons

2017 Highlight: All terms of
nucleon momentum
decomposition calculated
with controlled uncertainties

MS-scheme at 2 GeV

(x)
T -
05 g
. L =
‘ﬁ [
7S S 18
ik 2GR
oL 7 72457 |
u d s u+d+s g Total

[C. Alexandrou et al., arXiv:1706.02973]

Phiala Shanahan, MIT



PDFs from Lattice QCD (Lattice QCD - P. Shanahan)

Constraints on global PDF fits

® [ncluding lattice QCD results for moments in global PDF fits can
yield significant improvements

Transversity PDFs Collins fragmentation functions

4 L(1)
o zHl(fav)

0 B—
| > 1(1)
-0.2 >
ZHl(unf)
0.4 _
0 02 04 06 g 02 04 06 2z
Yellow: SIDIS data only: direct constraints in region indicated by dashes

Blue/Red: SIDIS + lattice QCD for tensor charge (zeroth moment)

[H-W. Lin et al., arXiv:1710.09858]
Phiala Shanahan, MIT




PDFs from Lattice QCD (Lattice QCD - P. Shanahan)

x-dependence of PDFs

® First calculations of x-dependence of nucleon PDFs undertaken
Quasi and pseudo-PDF calculations use non-local Euclidean correlators and
perturbative QCD matching in high momentum limit [X. Ji, arXiv:1305.1539]

® Extremely rapid progress, but many systematics to be controlled
® Flavour separation is relatively straightforward

H1 and ZEUS HERA I+I1 PDF Fit

*- g 4
® o 2 ] T T T T T T
" Q=10 GeV £ L eTia
—— HERAPDFLSNNLO (prel) |~ B — matched PDF
08 W oxp. uncert.
xS model uncert. -
I parametrization uncert. H
S 2r ]
0.6 = =
HERAPDF1.0 NNLO(prel.) g 1
S af B
o4l § S
H
H
02 i b . . . . .
g 04 02 0 02 04 06 08 10
z
= X
" “ o ® X! [J-W Chen et al., arXiv:1803.04393]

Phiala Shanahan, MIT



as from Lattice QCD (Lattice QCD - P. Shanahan)

Quark masses update

me(m,) = 1273(10) MeV y(m) = 4197(14) MeV
(] u.d.s,¢ sea | Fermilab/MILC/TUMQCD 18 bl u,d, s, c sea gmm}ﬂuh,’h/lll.(}/?LMQCD 18
fo| HPQCD 14 (all HISQ) S et at 1T H H .
g ETM 16
—.— ETM 14 (baryons) ol HPOCD 14 (NRQCD b) 201 8 H Ighllght.
+——e—— | ETM 14 (mesons) HPQCD 14 (all HISQ) o o -
w5 50| Vv and Petreerky 16 Maczawa and Petreczky 16 S|gn|ﬁcant Improvement
o aczawa and Petreczky TPOCD 13 (T splittings)
— JLQCD 16 ! HPQCD 10 (moments) g h k
. XQCD 14 Tonlattice | Mater In neav uark mass
Mateu et al. 17
fad HPQCD 10 (moments)

nonlattice

Mateu et al, 17
Chetyrkin cf al. 17
Kiyo et al. 15

Delmadi et al. 15

determinations using new

method based on heavy-
quark effective theory

Mc
12 1% 13 1% L4 105 [arXiv:1802.04248]
MRS mass definition [arXiv:1712.04983]
/) - 92:52(69) MeV ma(2 GeV) = 2118(38) MeV, my(2 GoV) = 4.690(54) MV Precision ILC goals
Fermilab/MILC u,d, s, sea| Fermilab/MILC
JTUMQCD 18 i /TUMQCD 18 5 =
o HPQCD 14 ! bmb 03 03
—e— |ETM 14
—e— |ETM 14 S
P u.d, s seal dmc ~ 0.8 0.7
— Maezawa and Petreczky 16 | RBC/UKQCD 14
ad RBC/UKQCD 14 Lot BMW 10 V\/I” improve fu rther With
— BMW 10
-+ HPQCD 10 H i i i
A 1POCD 10 inclusion of finer lattice
MILC 09 MILC 09 o
7 mg [V spacings
80 85 95 100 105 1

90
m, 35(2 GeV) [MeV]

Phiala Shanahan, MIT



Selected results from neutrino physics experiments

m Measurements of neutrino mixing matrix parameters and mass
hierarchy

m Efforts to directly measure neutrino with the KATRIN experiment



Neutrino Oscillation (Long Baseline v - M. Yokoyama)

20 years since its discovery...

We learned a lot about neutrinos through neutrino oscillation,

but many questions emerged and remains = ilE ‘
® Origin of tiny mass = 1E+03 ’
© Why mass is much smaller than other fermions? @ 1E+01 '
¢ Large mixin rameter:
° Wﬁy so diﬁzrg:tiro;eqiarks? g 1ot : Eatvboiduach
4 O 403 d-type quark
© Symmetry behind the pattern? i ® charged lepton
® Mass hierarchy (ordering) a 1E-05 ® neutrino
© Which is the heaviest? .
© CP violation ° o
® |s it violated just as in quarks? 1 2 3
© Extra neutrino families? Generation

Properties of neutrino are considered to be connected with fundamental questions

® Source of baryon asymmetry of Universe?
® Very high scale physics? (seesaw?)
© Origin of generations?

¥ Masashi Yokoyama (UTokyo) Long baseline neutrino experiments 3



Neutrino Oscillation (Long Baseline v - M. Y,

Oscillation parameter status

1 0 0 cosf; 0 sin@e %) (cos, sing, 0
U=|0 cosy sinby 0 1 0 —sinf, cosf, 0
0 —sinfh; cosby3) | —sin@ze% 0  cosfy 0 )il
" >
M. Tértola @ NEUTRINO2018 | —— |
parameter best fit + lo 30 range 1 ——
7 Amn 0T TE5I05 705814 A A,
L |Amd|[107%V? (NO)  2.5040.03  2.41-2.60 5 IO Amd,,
£ |Am2|[107%V? (10)  24215% 23125 8% § s
5 g v
& sin20,/10! 320102 B - .
& sin0,/107 (NO) 5471928 i = — I
= sin?6,/107" (I0) 551104 4.53-5. 98 w2 i
| & Current major targets
% sin?6;3/1072 (NO) 21607095  1.96-2.41 5 S
= sin013/1072 (10) 22201007 199944 BB & More precision measurements
£ /7 (NO) 132702 087194 [l CP violation
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é/m (10) 1561513 L12-194 B Mass hierarchy
deSalas et al, 1708.01186 (May 2018) 023 octant (<=>45°?)
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Baseline v - M. Yokoyama)

Baseline Experiments (

Accelerator-Based long baseline experiments

Beamline Near Detectors: : Far detector farae
Horns .I.l.+ [ .
Accelerator p%:- .?
! Target S
In-situ beam i V Rl
measurements U L M U . .
- 1 Extrapolation to far detector
i F 1 Prediction of neutrino flux, RE—
: ¥ uncertainties and correlation et W Fere
¥ e e e ! Prediction at far detector
measurements bin(E) - oE)| e | PoclE)

External hadron production

measurements N Bl E' Inp(E) - o(E)| exp Oscillation
T 5] e g gﬁ % K parameters

..o experiments.

External cross section
measurements and models

¥ Masashi Yokoyama (UTokyo)




OPERA Results (Long Baseline v - M. Yokoyama)

Final v: results from OPERA

PRL 120 (2018) 211801

2008-2012

500 pm " P 4
\ Am?2 consistent with
disappearance measurements

® Observation of v interaction using a huge emulsion-based detector
¢ 10 v; candidates observed

® 2.0+0.4 BG expected

® 6.10 significance of v; appearance

¥ Masashi Yokoyama (UTokyo) Long baseline neutrino experiments




T2K Results (Long Baseline v - M. Yokoyama)

T2K: 813 and &cp

® Constraint on 6cp with T2K data alone
® Tighter constraint with 813 value from reactor

— Inverted - 90CL.

d¢p (Radians)

T2K Run 1790“ Preliminas .
T - Normal - 68CL

* Bestfit  — Normal -90CL 3
PDG 2016 .. Inverted - 68CL 3

— Inverted - 90CL

+613 from reactor}

x107

-
~
~eo B
| Y X107
25 30 35
sin’(0,5)

¥ Masashi Yokoyama (UTokyo) Long baseline neutrino experiments 18




T2K Results (Long Baseline v - M. Yokoyama)

T2K: constraint on &cp
— "l"Z‘K‘R‘unl—‘)cPrclimina
20 CL region

— Normal

— Inverted

7

2AIn(L)

00000000000

TR T T T T [T T B[ TT T T[T TITT 77T

dcp
sindcp=0 (6=0, 1) outside of 2o CL region
First hint of CP violation in the lepton sector!

¥ Masashi Yokoyama (UTokyo) Long baseline neutrino experiments 19




NOvA Results (Long Baseline v - M. Yokoyama)

NOvVA: Am23; and 023

NOVA Preliminary
T

Ind
@

® Results from joint fit of vy and ve
sin?6,; = 0.58 +0.03

Am3, = (2513012 x 10%eV?

3
@

Prefer non-maximal at 1.8c
Exclude lower octant at similar level

Am2, (10%eV?)
N
N

)

[@1o @20 [J3c + BestFit

NH NOVAFD  8.85x10” POT equiv v + 6.9x10%° POT ¥
E T T 1z
[ 7] £ 10
[ ] B2 ER
-4 = = E|
«
> 7 1 9 13
< [ 1 e
=}
- 26 B RS 3
~ r 4 = Normal 13
(\g‘b‘, r 1 51 = " hierarchy —:<
(2} Inverted 3
<28 ] ~ hierarchy El
[@1c D2 3o Iy L . |
- - 0.4 0.6 0.7
0.3 0.4 0.6 0.7

05
05 )5,
SN0, Sin0z
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NOvA Results (Long Baseline v - M. Yokoyama)

NOVA: 6cp and mass hierarchy

NOVA Preliminary
T

NOVAFD  8.85x10% POT equiv v + 6.9x10%° POT
T T

T
j j -~ NH Lower octant

— NH Upper octant
-=-1H Lower octant
— IH Upper octant

VAON

sl e

sin%0,,
o
&
%
L
Significance (o]

0.4F =
ovsz—.“’ 20 [J3c + BestFit ] 1
07F ' ' ' B £

. 0.6> pu— % H Sm

of o5l

@ 045— 4 © Best fit: Normal Hierarchy, 6cp = 0.171
O_Bélw D20 08 e Prefer NH by 1.80

0 3 o ES e Exclude &cp=11/2 in the IH at >3c
CP
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KATRIN (Non-accelerator v - R. Saakyan)

Neutrino Mass from B-decay end-point

E. Fermi, Z. Phys. 88 (1934) 161

0ld idea! g8 v
2 2 4
P EocJ(EO—E) —mgc
=0
% top
Fig. 1. o8
&
o 6
Tough Reality C:€> ©
= 4
32
o
0
-3 -2 -1 0
E-E, (eV)
Best results from[3H B-decay| with MAC-E filter technology % my <2eV
E, = 18.6 keV
D e Aim: m; <0.2 eV (90% C.L.)|

10
9-Jul-2018 R. Saakyan, Non-Accelerator V-Physics, ICHEP2018




KATRIN (Non-accelerator v - R. Saakyan)

» Windowless gaseous tritium
source

« High 21 acceptance

* MAC-E filter: Magnetic

Adiabatic Collimation &

Electrostatic Filter

Sharp high pass filter:

transmission

' - >

t AE ' energy
Steps of filter potential >
integrated B spectrum

Courtesy T. Thummler (Katrin) s

> AE<1eVat

l, See talk by M. Schlésser (#317) H

9-Jul-2018 R. Saakyan, Non-Accelerator V-Physics, ICHEP2018




KATRIN (Non-accelerator v - R. Saakyan)

KATRIN

. 1"(0lof nominal tritiqm activity s0b\ — Fitresult
« Tritium loop operation from 5 June - 18 June \ | Measurement
(no interruption) -
« Source parameters are stable and within S60- \
specifications o
2
e
= 40r
1
3
30.06
P (]
% 30.05 201
g
% 30.04
23003 ok T
g 1 1
3002
30.01 4
"""""""""""" T 2
10:00 10:10 10:20 10:30 10:40 10:50 11:00 —_—
ime ?) . P \ /
S \ / \/ /
15.840 f--m=m===mp oo Specification £ v
= 15835 S -2
S 15830 =z | | | I |
E o 18400 18450 18500 18550 18600
= .
§ 1s020 Retarding energy [eV]
S1se15 -
1810 See talk by M. Schigsser (#317)

10:00 10:10 10220 10:30 10:40 10:50 11:00
time

9-Jul-2018 R. Saakyan, Non-Accelerator V-Physics, ICHEP2018




Latest results from the AMS experiment

m Much interest in new AMS results of the cosmic ray flux




Latest results from AMS | (AMS Summary - A. Kounine)

Dark Matter

Collision of Cosmic Rays with Interstellar Matter

M. Turner and F. Wilczek, Phys. Rev. D42 (1990) 1001; J. Ellis 26" ICRC (1999




Latest results from AMS Il (AMS Summary - A. Kounine)

Electron and Positron spectra before AMS
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These are very difficult experiments ,




Latest results from AMS Il (AMS Summary - A. Kounine)

Latest AMS results on positron and electron fluxes
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Latest results from AMS IV (AMS Summary - A. Kounine)

The positron flux appears to be in agreement with predictions
from a 1.2 TeV Dark Matter model (. kopp, Phys. Rev. D 88, 076013 (2013))

5 25—
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4-5 201 ¢ 1.9 million positrons
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Latest results from AMS V (AMS Summary - A. Kounine)

Most surprisingly:

The spectra of positrons, antiprotons, and protons are identical,
but the proton and antiproton mass is 2000 times the positron mass.

The electron spectrum is different
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Latest results from AMS VI (AMS Summary - A. Kounine)

Physics of AMS on ISS: Positrons and Dark Matter

Extend the measurements to 2 TeV and determine the sharpness of the drop off.

‘% 250 T T T &% 25 T T T
¢ I To date, we have a 2-sigma effect. ‘ S [ By 2024, we will have a 5-sigma effect.
A F o . o L
N‘; 20F 1.9 million positrons - I 20'_ AMS will collect A\ SR
£ | . % [ 4million positrons
) [ E e F
w45 . 12Tev g2 oW 45C 127ev
o C it Dark Matter N é?' L Dark Matter 5
& r + Collision of r + Collision of E
10 '_ Cosmic Rays 10F Cosmic Rays 7
E Corg, [ s,
L nof L & 3
5 F (‘c:,m_c R 5 n OSimje. Rays
L Vs C
r Energy [GeV] I
r Ener V 2
o Energy [GeV] . 0B . i ]
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Currently, the approved ISS lifetime is until 2024.
The incremental gain between now and 2024 is from 2-sigma to 5-sigma.



Latest results from AMS VII (AMS Summary - A. Kounine)

Many models proposed to explain
the physics origin of the observed behavior
(>2000 citations of the AMS results)
1) Particle origin: Dark Matter
2) Astrophysics origin: Pulsars, SNRs

3) Propagation of cosmic rays

Models based on very different assumptions
describe observed trends of a single measurement.

Simultaneous description of several precision
measurements is difficult in the framework of a
single model



Review of “Multi-Messenger Astrophysics” (MMA)

m Relatively new field of research (I'd not heard of it!)

m Involves the coordinated observation and interpretation of disparate
“messenger” signals from astronomical objects



Multi-Messenger Astrophysics (MMA) (MMA - P. Shawhan) e

Astrophysical Messengers

y-o

Radio IR / Visible / UV Gamma ray

P VA VAN

Electromagnetic waves / photons

LN

v

~ 7 Gravitational Waves
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Ultra-high-energy ///
Cosmic Rays «
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Supernova 1987A!

Neutrino burst preceded
appearance of the supernova
light by a few hours

I
&

Kamiokande
® IMB
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0

6
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Credit: M. Nakahata (ICRR) / CERN Courier

Credit: ESA/Hubble, NASA



Multi-Messenger view of GW170817 | (MMA - P. Shawhan)

GW170817: first binary neutron star merger

From Thursday: Normalized amplitude
b 4

N. Arnaud ) ) 0 6
» Strong signal in both LIGO detectors |

“

In between the (consi ; 500
consistent with masses of known neutron stars) 2

Observation * No signal in Virgo LS aniord

Runs2and3,a = Worse sensitivity .
status report on = Source location close to a blind spot

the Advanced — Antenna pattern effect

LIGO and — Accurate sky localization (30 square deg.)
Advanced Virgo = Latency of about 5 hours

GW detectors” = Consistent with Fermi and
Fermi-Integral localizations

LIGO-Livingston

Frequency (Hz)

Normally the sky
localization would
be available within

minutes, but had to
work around a
glitch in the LIGO-
Livingston data

Gw170817\

-30 -20 -10 0
Time (seconds)
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Messenger view of GW170817 Il (MMA - P. Shawhan)

GW170817 sky localizations

Adapted from slide by N. Arnaud
* Green: LIGO and LIGO + Virgo

Lightcurve from Fermi /GBM (10 — 50 keV)

* Blue : information from gamma ray burst satellites

Lighteurve from Fermi/GBM (50 — 300 keV)
w04 Fermi high-energy

1250
1000

750

Lightcurve
(5100 ke

INTEGR

IPN Fermi /
JINTEGRAL

=> Speed of GWs is just
about equal to speed of light

3x 105 < A < 17 < 1071 |
VEM

~10 - —6 —1 -2 0 2
Time from merger (s)

[LIGO, Virgo, Fermi-GBM and INTEGRAL 2017, ApJL 848, L13] 22




Multi-Messenger view of GW170817 Ill (MMA - P. Shawhan)

Astronomers found the optical counterpart!

Independently found by 6 teams within a span of 45 minutes, in the galaxy

1M2H Swope DLT40 VISTA NGC 4993
r
‘ : . g . " | GRB170817A
y : i GW170817
10.86h i|[11.08h h|[11.24h YIK,| sss17a

MASTER DECam Las Cumbres DLT17ck
. . MASTER J130948.10-232253.3

-‘. : ‘ i > AT 2017gfo
5 .

- -

11.31h. w/[11.40n i2l[11.57h o

[Abbott and many others 2017, ApJL 848, L12] 23




From Thursday:

N. Arnaud

“In between the
Observation
Runs2and 3, a
status report on
the Advanced
LIGO and
Advanced Virgo

GW detectors”

Multi-Messenger view of GW170817 IV (MMA - P. Shawhan)

GW170817 multi-messenger astronomy

* Gravitational waves + gamma ray burst + whole electromagnetic spectrum

LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, PN, Insight-HXMT, Swit, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

Swit, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

Swit, HST

Optlcal o —eo—
Swcpe, DEGam, DLTA0, HENLRQS2, . Las Cumbrs, SkyMapper VISTA. MASTER, Magelin, Subary P

B o o S et o e e o AR forcs, (IR Y I i i |

REN-ROS2, VISTA, Genini-South, 2MASS Spitzer, NTT, GROND, SOAR, NOT, ESO-VLT, Kanata Telescope, HST

Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LWA, ALMA, OVRO, EVN, &-MERLIN, MecrKAT, Parkes, SRT, Efielsberg

-100 -50 0 50 102 10" 10° 10!
t-t. (s) t-t, (days) 21




Multi-Messenger view of GW170817 V (MMA - P. Shawhan)

No Neutrino Counterpart to GW170817

IceCube up-going SN, X
W =524 | O]CRL o> 1P o WA SRR B T
TeCTbedomngoms 7

—— GW (90% CL)
+ NGC 4993
30° ¥ neutrino candidate (IceCube)

- ¢ neutrino candidate (ANTARES)

| == === IceCube horizon

= = ANTARES horizon

[_1 Auger FoV (Earth-skimming)

1 Auger FoV (down-going)

[Albert et al. (ANTARES, IceCube, Pierre Auger, LIGO and Virgo) 2017, ApJL 850, L35]
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Initially visible in ultraviolet and blue —
but those faded quickly

Infrared peaked after 2-3 days, then
remained visible for weeks

2017 August 21
=

Swope & Magellan Telescopes

[Drout et al. 2017, Science 10.1126/science.aaq0049]

Apparent mag (AB) + offset

Rest frame time from merger (days)
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[Drout et al. 2017, Science
10.1126/science.aaq0049]
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\ J t~ week
v~0.25c

;
y
.
1 disk/winds
(B
v~0.1c

BH

[Metzger, arXiv:1710.05931]

r-process nucleosynthesis takes place in
ejected material

Then radioactive decays drive thermal emission

Evidence for two components:
“blue” (lanthanide-poor) and
“red” (lanthanide-rich)

Different r-process elements produced =
different opacities
Hypermassive neutron star may irradiate central
ejecta with neutrinos, converting some neutrons
to protons
e.g., Cowperthwaite et al. estimate
0.01 Mg, of “blue” ejecta moving at ~0.3 ¢ plus
0.04 M, of “red” ejecta moving at ~0.1 ¢

Also late-time X-ray and radio afterglows
29




Multi-Messenger view of GW170817 IX (MMA - A. P. Shawhan) g7

Implication for heavy elements

Strengthens the picture that neutron star mergers produce most of the
heaviest elements

Dying Exploding
low-mass massive
stars stars

Cosmic Merging Exploding %

ra heutron white 7
Na Mg fission stars dwarfs Akl s 8
e e e ol

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se

WOIR' oo WM o> ;3 20 5 28 27 28 29 a0 NN IREESER WEIEEN R
-ﬁm- B Pd- Ag Cd:In Sn: Sb ==g:$==
#ﬁ”xz 47g T4 49 ﬁsﬁ"" 51 52

Au ggH
e B

Gd Tb Dy Ho Er Tm “Yb Lu

64 65 66 67 68 69 70 71

[Figure from Wikipedia “r-process” article]
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Conclusion

Summary
m Difficult enough to summarise in one seminar, will not attempt to draw a concise
conclusion here!
m Overall a very intense and diverse week of contributions, reflecting the breadth of
the modern field!
m |'d encrourage you to browse the slides! (https://indico.cern.ch/event/686555/)

| |

" | “\CHEP 2020
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