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Moriond EW Session

There is a lot more than “just” EW
Spanning from B physics to to gravitational waves. ..

From precision EW tests to exploratory searches of
dark photons

...Searching new particles from the 10?2 eV scale to the
LHC and highest energy cosmic rays

The number of tools and techniques has never been so
rich....overwhelming to summarize

Studying the elusive neutrinos in and out
OK, so let’s start with ...



Heavy Flavours

CP-Violation in B at the LHC [Garcia Pardinas]

Very rare decays at the LHC [van Veghel]

Measurement of CPV in charm at the LHC [Marino]
Status and prospects on b to sll decays [Dettori]

LFU in B decays as a probe for new physics [Langenbruch]

Search for Leptoquarks in CMS in the context of hints of
LFUV [Takahashi]

Isospin asymmetries in B to K* y and hint of B¥to U™ v
[Mohanti]

Leptonic and semi leptonic D decays [Li]

K*2a*vv: first NA62 results [Marchevski]

Status of KY, 2% v (KOTO) [Nakagiri]



CP-Violation in B [Garcia Pardinas]

@ The only source of CP violation in the SM comes
from the CKM matrix, governing the quark mixing.

Unitarity matrix. — Unltarlty triangles.
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New LHCb combination for y/¢5 angle [Garcia Pardinas]

Determined from tree level decays, the interpetation is
theoretically clean New LHCb Combination: 4 = (76. 8"' )°

§< ,71‘1<1_1 50 Slight “tension” with unitarity fit”

= (65.3153)° [CKMfitter]

> . S K-
u u
Favoured Suppressed
B decay D decay Method Ref. Status since last
Y
B* — DK* D — hth™ GLW 16] Updated to Run 1 +
2fb~! Run 2
Bt - DK+ D — h*th- ADS [
B* — DK™* D — htrrtr~ GLW/ADS  [17] As before
B* = DK* D—h*h~n®  GLW/ADS [18] As before
B* - DK+ D — K*h~  GGSZ [19] As before
B* - DK* D — KXK*+nr~  GLS [20] As before
B+ o DK+ D — hth- GLW [16] New
B+ - DK* D= hth- GLW/ADS  [21] New 100 "
B* o DK*ntn~ D — h*h- GLW/ADS  [22] As before B BY decays r ]
B° — DK*° D— K*n~ ADS [23] As before B’ decays
B°— DK+r~ D — hth- GLW-Dalitz [24] As before - B decays
B° - DK*® D — Kt~ GGSZ [25] As before i
BY - DFK* D+ h*h~nt  TD [26] Updated to 3fb~! B Combination
Run 1

Most precise determination from a single

Experiment Expect 4° by end of Run 2



New result! _PAPER-2018-
CP violation in B(s) — hh’ [ Preliminary! ] <LHC(?nP§rE§§a$%SOO6>

[Garcia Pardinas] LHCb

v | LHCb

é 3000— n Preliminary Crin- = —0.34+0.06, Most precise measurements

8 - HEESS S = —0.63=+0.05, from a single experiment.

2 ol | ENE Cx+x- = 0.200.06, AL

:E : Ag—)pK', S _ 018i006 ( +K—7 K+K—7 K+K )

et B KK AK+K_ - o deviates 4.0 o from (0,0, —1)
- [ : - = —=0.719+0. :

© 1000 N o Ii”f Sy = B, —> Strongest evidence for
i Comb. bkg. Acp (B"— K¥n7) = —0.084+0.004, time-dependent CP violation
Acp (B,?—> 7F+K_) = 0.213+0.015, in the Bg sector!
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0 New result! LHCb-PAPER-2018-007
CPVin B™ — D( )D LHCb [ Preliminary! ] < (in preparation) >

A%P(B*— Df D) = (—0.4 + 0.5+ 0.5)%, AF(B* - DYDY =( 23+27+04)%

@ No evidence of CP violation is found.

. . — . . =1
@ First measurement in Bt — DI D" and most precise one in Bt — DTD".



- New result! _ 2018-001
CPV in baryon decays LHCb [ Preliminary] ‘ <L”C<‘?n'°§r‘ifa'lf?i$°° >
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A — pK - A)— pK~KtK~ EV s pK- K7t

aZ-0dd (%) —0.60+0.84+0.31 —1.56+1.51+0.32 —3.04+5.19+0.36
al:9%d (%) —0.814+0.84+031 1.124+151+0.32 —3.58+5.19+0.36

@ Results compatible with neither CP nor P asymmetry.

@ Same conclusion is reached when looking at per-bin asymmetries.
[Garcia Pardinas]



Measurements of CPV in beauty at LHC

Recent results previously presented Kindly summarized in one slide!
@ Combined measurement of v (LHCb, Runl + Run2, LHCb-CONF-2017-004): most precise from a
single experiment.

@ Measurement of 8 using B® — J/v(ee)Ks and B® — (25)(uu)Ks (LHCb, Runl, JHEP 11 (2017)
170): combines with previous measurements of 3.

@ Measurement of 85 using B — J/1%KTK™, with M(K*K ™) above the ¢(1020) (LHCb, Run1, JHEP
08 (2017) 037): first measurement of the phase in final states dominated by a tensor.

@ First measurement of ¢°% using B — (K*n~)(K~x*) (LHCb, Runl, arXiv:1712.08683): many
amplitudes, fit using GPUs

[

New results, presented for the first time |

@ CPVin B?s) — hh' (LHCb, Runl, LHCb-PAPER-2018-006): TD asymmetries in B — 777~ and |

Bg — KTK™ + Tl asymmetries in B > K™n~ and Bg — pit K™, most precise measurements,
strongest evidence for TD CPV in the B sector.

@ Direct CP violation in BT — Dé)Eo (LHCb, Runl, LHCb-PAPER-2018-007): no evidence of CPV, first

. o ; i —0
measurement in Bt — D D" and most precise one in Bt — DTD".

@ CPV through triple-product asymmetries in /\?7 — pK T ™, /\2 — pK~ K"K~ and
E?, — pK~ K~ 7" no evidence for CPV, neither overall nor in bins of the phase-space.

Global comment: results so far compatible with SM, waiting for new analyses with more data.

e I ———

Julidn Garcia Pardifias (UZH) ‘ CPV in beauty at LHC

11 March 2018 24



Mixing and CP violation in DO—=K+11- decays

[Marino] LHCb

[PRD 97 031101 (2018)]

_ WS(n* £ /+t (x’*)2+(y’+)2 2
R(t) RS(t)i "'R R (T)

x'* = xcos(6 @) + ysin(6 £ ) )
. i ¢ =arglqA(D® — K*n7)/(pAD® — K* 7))
y = =ycos(6 +¢)—xsin(6 +¢)
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» No measurable CP violation T o LHCh

observed. = F :

~1.00 < lq/pl < 1.35 @ 68.3% CL ~ 4f .

» Mixing parameters in the 6F [-)o: | ______________ | —

assumption of no CP violation: ¢ _f E

= E —— CPV allowed 4

[x’z - (0.3910.023¢o.014)x10—T ) S A No direct CPV

T — No CPV .

] — _3 _ + + t ]

y (5.28+0.45+0.27)x10 ol Difference l ;
» Twice as precise as previous = 05_
prompt measurement; now 7 T

superseded [PRL 111251801 & %% :

(2013)]. T



Indirect CP violation in DO—=h+h- decays

P fy b Py 1 [PRL 118 261803 (2017)]
w= o nrto—p 2l lgheoser=(l+|g)xsmer]  LHCD
[Marino]

» Everything compatible withnoCP ,_____ .
violation at 0.3 per mille E LHCh D' — K*K- 4 Data

= 1F — Fit -
Ar(KK) = (-0.30£0.3220.10)x10-3 £ '}
Ar(TrT) = ( 0.46+0.58+0.12)x10-3 = °F e s

» Complementary measurement 0 2 4 6 8 2
yields compatible results. i

— Data-driven calculation of per-event
acceptance. = -

= 0=

» Combined with the statistical o3
independent muon-tagged sample
(B—DOou-X) JHEP 04 (2015) 043]: B

LAF = (-0.2910.28)x10—3]

12




[Van Veghel]
Bpy —ptum

LHCb Update 2017
Runl + 1.4 fb1 Run2
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Rare Decays with |* I in final states

LHCb
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Angular analysis of By — K*u™p~ decays v - Evidence for the rare decay BY — K*u*p B ivireooL i
Many recent measurements NEW!
[ATLAS - ATLAS-CONF-2017-023]
cmMs [CMS - arXiv/1710.02846] 2051b (8 TeV) 2 aoF ' T T _] 3 N aps =]
3 sofes<a<s0er: v Dam % ATLAS {s=8TeV,203 10" ¢ Search for b — dt¢ tranmslon z
8 F — T imi ar . - 1 (
g 3 S a‘;,,""«','{,, 1agged signal 3 Preliminary 1 e Rarer of older brother B} — K*u' =~ due to CKM 7
S “F 77 Background H ¢ Sensitive to new physics and probe of Viaq/Vis o
= a0k L - S = 2]
@ 30F . o fu 1 prediction bu . expected o ° =
30 No full SM prediction but BR expected of O(10~% :
i RN _ &
.% 20F ¢ Analysis with 3 fb~! Runl and 1.6 fb~! Run 2 [De l l orl] N
10F ¢ First evidence for this decay with 3.40 2
S NN L 520 ro o [ P S e . 0 =
0 . . et T T ¢ Normalise to By — K".J/v
MKW W) (Gev) 5200 5400 5600
My (MeV] B(B! — K" ™) = (3.0 £ 1.0(stat) + 0.2(syst) + 0.3(ext) x 10~°
~ '“I“"’ - JHEP 02 (2016) 104] : - [Belle - Phys Rev.Lott. 118 (2017) no.11, 111801] = L HR = ASE vista -£(8ys olex
§ LHCb " ] =
5 B' =K ww 2 Belle B AR o 2 :
= 600 . & S M00f E S
S | g . 2wt LHCb  { 2 LHCb
E 400 ] S 2 s + Data 1 g
4 - - — Fit =
-‘g 4 % 60 - 400 | I8 - Kuwu = /Bi’ <+ K p'p
=] R e 8.0k - 2
£ 200 g & 40 |- WA, - pK pu 3
@] . 1 2 20 B Comb. bkg. 3 5
; 20 S 10k E (o}
5% S0 5600 % : . o
32 Ko ut -) [M v/, 3] £ . 5.26 5.28 ¢ 5200 5300 5400 5500 5600 o 5200 5300 5400 5500 5600
m(K "' 1) [MeVie m(K T ) [MeV/e?] m(K™ Tt [MeVic2]
F. Dettori Search for new physics in b — s£¢ decays Moriond EW 2018 10/17| B pettor Search for new physics in b — s8¢ decays Morlond BW 2018 14/17
0 ¥4 = reciltc . _
By — K"~ results B iivikeool il Angular analysis of Bt — K+ pu*pu~ at CMS B iverool ik
NEW
- r L8 - ‘ - - ; . . BTV —
Eosf ' « T atias {s=8TeV. 203 10" e Result with 20.5 fb~* e MY
L 16 Preliminary - ATLAS —=LHCB .. — Total fit %
L —+ 1 1.4} ~—cus - Belle E ¢ Angular analysis in terms of F, App - Signal M
I ] 12 ...mmw-::;:xﬁvm s e Q
o f_ 1 13 E * Sensitive to scalar and tensors £
-E;F i ] 08 1 dIy 3 ) 1 T
L - ————— = —(1=Fu)(1—cos” 0¢)+-Fu+Arp cos b W
LHCb ] o6l E T, dcosf; 1 (=Fu)( )+ 5 Fn+Ars I £ g
. SM from ABSZ ] 04 E . 2
3 L : L ] 02 —L— E ¢ In good agreement with SM i . =
: - ql[bGeVBf’c"] L R R e AR AR
o [GeV] . 1CMS_Prel y 20.5 fb™' (8 TeV) 4 A =
* Several observables appear - : . . < .E 3 wEEw) Y]
: k " [ - 08— Data CMS Proliminary 205" (8 TeV)
different than SM o LHCbdata o ATLASdata ] 0.6F— 3 af ¢ 100-600GaV e
I ticular P! b « Belledata © CMS data . IS iE Pl
¢ In particular as ] = I E
. p_ . o [ SM from DHMV ] 0.4 - -t - Background
significant discrepancy . [JSM from ASZB 1 0.2 | K . . - .
. C ] oF Py *
* Global fits show large 0 b= i-—T—- + 4 ® -
disagreement - 0.2 .
- 04—
=05 g 34
N -0.6:— r o o.',% . o.' +
- 08F 3_5 ‘0 i 3 ‘ 0
-1+ - - B " I B " B Ty )
2Bttt L 0 O L -
0 0 2 4 6 8 10 12 14 16 18 20 22 !
¢ [GeV?/c) 7 1GeV?]
F. Dettori Search for new physics in b — s£f decays Moriond EW 2018 11/17 F. Dettori Search for new physics in b — s€£ d Moriond EW 2018 15/17




R(D¥)

045

04

0.35

03

0.25

0.2

Lepton Flavour Universality in B decays
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Scalar LQ

Vector LQ

CMS LQ search summary [Takahashi] ~/*
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Belle [sospin Asymmetry [Mohanti]

* First evidence for isospin violation

: in b — s transition exceeding 30
Belle 2004 78fb

M2+44+26 ® i significance

Babar 2009 347fb" * Agree with theory predictions of
56+214 2 —————+—

ik Lyon and Zwicky PRD88 (2013) 094004

PDG 2017 Kagan and Neubert PLB 539 (2002) 227

\52+26 ' » 1

: * Consistent with and more precise
Belle 2017 711fb"
462415413 H—@—H than BaBar result

PRL119 (2017) 191802

-10 -5 0 5 10
Ao+(B N 4 K* Y) [O/O]

» To observe isospin violation with 5o significance at Belle II, reduction of
dominant systematic uncertainty due to f,_/fqo is also essential



B*2>u*v

arXiv:1712.04123

[Mohanti]

* Fit the ratio

Opn > 0.84

.....

EEssssmans
o

& Data
B B—uv
[l B—nlv
i B-plv
[JBeB
[]q6+QED

{1Bouv x 10

R = NB—),U,D# /NB—)Tryﬁp

e WegetR = (1.66+0.57)X
10~2, which is equivalent to:

NB—)P«ﬁ# — 195 -+ 67
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» 3.40 statistical significance
= 2.40 including systematic

uncertainties

*  90% confidence interval for
BF € (2.9,10.7)x10~7

» Belle II will make definitive

1 measurement



D leptonic and semi-leptonic decays
[Huijing Li]

B(D; — y'v)=5.28+0.15+0.14x10°°
B(D° — 7 'v,) = 0.267+0.007+ 0.007
B(D" — 7°u"v,) = 0.342+0.011+0.010

B(D" —K°u'v,)=872+0.07+0.18x10
B(D" — K%'v,)=8.60+0.06+0.15x10">
B(D* — #°e'v,) = 0.363+ 0.008+ 0.005x 10

Events/0.010 GeV?/c?

B(D; = K"%"v,)=3.25+0.38+0.14x10"° New Result

B(D; — K%'v,)=2.38+0.26+0.12x10° New Result

T o PR P o T o P I e e R |

T T
HPQCD 0747 £+0.011£0.015

£(0)

BESII 0.78 £0.04 £0.03

(D' 5K'¢e v,)

Belle 0.695 + 0.007 + 0.022 —_—
(D' K¢ v,,D' 5K p*v,)
BABAR 0.727 £ 0.007 + 0.009
(D' K¢ v,)

CLEQO-¢ 0.739 +0.007 + 0.005
(D' -K ,D*' -5 Kev,)
BESII 0.7368 + 0.0026 + 0.0036
(D' K¢ v,)

BESIII  0.748 £ 0.007 £ 0.012
(D* = Kje'v,)

BESIII  0.725+0.004 £ 0.012
(D> Ke'v, —=K§ - x* x)

0.75

PRD 92, 072012 (2p15)

PRD 92, 112008 (2p15)

PRD 96, 012002 (2

0.8

p17)

sof BESIII Dt > K%e* v,
preliminary NObs = 117.2 + 13.9
Fitted g5, = 30.50%
20  background
10
e e R
-0.2 -0.1 0

Events/0.010 GeV?/c*

MM? (GeVZ/cY)

BESIII D! - K®e* v,
ao-preliminary N©°bS = 155.0 + 17.2
i '
:[background
i| From inclusive :
“MCsample
10
0.2 X 0 0.1 02

MM? (GeV3c?)



Kt=2>ntvv in-flight [Marchevski]

CERN SPS




NA62: K*-2>xm*vv in-flight

[Marchevski]

e Data Control Sample

MC Control Sample
[:' MC K*—>2*2(y)

R2

K*—m'n’ decays
Minimum bias

—
=
n
T T T

Data from 2016 run

R1

Background summary

dN/(0.00065 GeV/c?)
=

LI Illllll

2
Process Expected events in R1 + R2 10

| T IIIIIIII

K+ — 7105 (SM)  0.267 £ 0.001 100 = 0.029,5; £ 0.032 10

K* = atm0>y) 1B 0.064 % 00070 % 0.0064,4
1\’+ =y /"l+l//l (’7) IB 0.020 :t 0-0035[{” :i: 0-0035118(
I"'f' — 7T+7]'_(3+1/(, 0018—1-88#' stat + 00095‘/9[

Kt — 7T+7T_7l—+ 0.002 + 0.0013[(11 + 0-0025!/31

Upstream background 0.050™00%0

it

-0.04 -0.02 0 0.02 0.04 0.06 0.08
m2,  [GeV?/c?]

Total background 0.15 3= 0.0944¢ £ 0.01 4

SES — (315 - O'Olstat I 0'248y8t) . 10—10



Result
esults Results: RICH ring for the event

— 0.12 —
.§ o‘lé [K* - n*vwwMC 150
(KN e
S 0.08? | A e 100
= . o0 T ‘
% 0.06% C 00
| 004% 50
0.02% oF L
0% ~ iy : @ “¢ po e’
. R s GG
—0.02§ cee =% wpewa : : ‘9
_ g -100
0.04 7 B T T
-0.06 NA62 Preliminary -150F . e
— L | ENETER C ‘
s e s 300 s P e
¥ momentum [GeV/c] -300 -250 -200 -150 -100 -50 O 50
One even t o bserve d Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000
Results Prospects

BR(K*t = ntuvw) < 11 x 1071° @ 90% CL NA62

BR(K' = ntvp) < 14 x 1071° @ 95% CL

® Processing of 2017 data is ongoing

% ~ 20 times more data than the presented statistics

#* expected reduction of upstream background

#* improvements of the reconstruction efficiency
® One event observed in Region 2 ® Preparing 2018 data taking

® Full exploitation of the CLs method in progress % 213 daysinduding staps

% ongoing studies to improve the signal acceptance

® ~ 20 SM events expected before LS2

® The results are compatible with the Standard Model

® For comparison: BR(K+ — ntup) = 28153 x 107! @ 68% CL
® Running after 2018 to be approved

BR(K™* — mtum)sa = (8.4 £ 1.0) x 1011 # Conditions for ultimate sensitivity under evaluation

BR(K* — 1 vP)esp = (17.37118) x 101! (BNL, "kaon decays at rest”) [ Ma rch evs ki]



Status of KL —movv analysis
at J-PARC KOTO

Kota Nakagiri ( Kyoto Univ. )

for the KOTO collaboration

2015 whole data Observed
- S.E.S. : 1.2x10- Estimated !
%450—- - - !4,5
,5.‘400?(6\ m\(‘ﬁN o 0 |k
?;350_ """ : 0.181—0.64 0.02i{) oi
3001 Ay} ).02
2502_. _::53: lrs
2002— -‘_j’.“ - . 0088:!:0_18 : 1 2
1501~ .fw?'-'. - 0.70+0.19,
100 2 2 LN [ A
sof— 12 29:&()} Io A

1

[Nakagiri]
2015 run status

1500 2000 2500 3000 3500 4000 4500 5000 5500 6

Rec. n° Z [mm)]

Summary & Prospects

+ KOTO 2015 run analysis is ongoing
» KL= 1o search with S.E.S. = 1.2 x10-°
» expected to improve the current upper limit

by a factor of 10

* Remaining work

- finalize sensitivity / BG estimation
« final MC production is now ongoing
* evaluate systematic uncertainty

* We will release the result this summer !

mode # of BG
KL—2m0 0.07 £ 0.07
KL= 1m0 0.18 + 0.05
KL—3m° 0.17 £ 0.12
KL—2y 0.02 + 0.02
Hadron Cluster 0.26 + 0.08
NCC-m° 0.13 £ 0.07
CV-n 0.05 + 0.02
Total 0.88 + 0.18




Wrap up of Heavy Flavour

There is some progress to improve the determination of the CKM angles
with run2 data at LHCb

The huge D sample of LHCb provides good opportunities to search for CP-
violation in this sector

LHCb is becoming a general purpose experiment able to get best limits of
rare decays with pairs of muons in the final state (among other things it
has become a KS factory...)

New results are eagerly awaited to clarify the “B-anomalies”

In the mean time at high energy one keeps looking for solutions of the
puzzles seeking, for instance, LQ at high mass

Belle is close to observe B> v

BESIII continues to do a very good job with leptonic and semi-leptonic D
decays

NAG62 has shown the first K*2z*vv result from decays in flight
KOTO is closer to open the signal box for kK% 2>a%v



Top/EW Session

The phenomenological intricacies to measure the top mass were
detailed by Deliot. As we enter precision top physics, and given the
importance of the top mass for the SM fit and Higgs potential,
there are important questions: how is he top mass defined?
(Over)tuning of generators?PT puzzle?Non-perturbative effects?...

The top mass measurements at LHC where reviewed by Menke

Brandt and Hays reviewed top mass and EW measurements at the
Tevatron

Associated top production (ttV and tV) where presented by
Sanchez...interesting to compare different experiments

The recent EW measurements in CMS and ATLAS were presented
by Apyan/Bendavid and Helary/Schott respectively

Finally, a medical check-up of the SM was presented by Kogler in
the form of the latest fit (Gfitter)



Top mass@LHC / Tevatron

Direct: templates/ideograms Indirect: cross section, m*® .

Method | Channel | ATLAS (GeV) (stat/syst/th) | CMS (GeV) (stat/syst/th) _
Direct Lepton+Jets  172.08 +/- 0.39 +/- 0.82 172.25 +/- 0.08 +/- 0.62
Direct  Di-lepton 172.99 +/- 0.41 +/- 0.94 172.22 +/- 0.18 089 | ,
Direct Full Hadronic 173.72 +/- 0.55 +/- 1.01 172.32 +/-0.25 +/- 0.59
Indirect tt+1jet 173.7 +/-1.5+/-1.4*10 . 169.1 +/- 1.1 %2> , *36
Indirect Lepton+lets 170.6 +/- 2.7
Indirect Di-lepton 173.2+/-09+/-0.8 +/-1.2
Average 172.51 +/-0.50 172.44 +/-0.13 +/- 0.47*

Table compiled from the talk of Mlenke (LHC) *CMS Legacy

Method | Tevatron Combinations _______
Template / matrix element 174.98 +/-0.58 +/- 0.49
Cross Section 169.1 +/- 2.5

Combinations from the talk of Brandt



Top Polarization (lepton+jets)

I I l [ I ! I I I I I | I I

0.4 97 fb-1 ® Measurement

Standard Model -
i z .
""""""""""""""""""""""""""""""" Axigluon models -

0.2 ey : ¢ m200R |
S . © A m2o0L A

Also recent L F F 3% 7 M2000A -
Results from CDF F P F e m2000R

P (beam)
+

O | T P ..... 68 % CL region —
: 3 ‘ | T e 95 % CL region
- .......... 99.7 % CL region -

~~~~~
.........

PRD 95, 011101(R) (2017)

-0.2 0 0.2 0.4
P (helicity)

[Brand]
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[Apyan/Bendavid]

N2
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Bl W Iy B B e A I LR A= = = T m
Pl W v ATLAS — e "m Stat. Uncertainty
B Wty [ BTTeviataon! SEENEE .. o (Ful G
my, WS Ty * Stat. Uncertainty
my, W Ty P Full Uncertainty
my, W Fv

pLW Setv |

my, W e'y

B Wk |

my, W v

m,-ﬂr, W' 'y

m-py, W v

me-pl, W Fy

[Helary/Schott]

PP BRI BRSPS | . S rEPEr IR R B
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

my, [MeV]

EPJC 78 (2018) 110
My, =80370 + 7 (stat) £ 11exp.syst. )+ 14 (model.syst. yMeV=80370 + 18.5 MeV

Combined Value || Stat. |Muon Elec. Recoil Bckg. [[QCD EW PDF | Total
categories [MeV] || Unc. || Unc. Unc. Unc. Unc. ||Unc. Unc. Unc. | Unc. | of Comb.
mT-pg, WH, e-u | 80369.5|| 6.8 6.6 6.4 2.9 4.5 8.3 5.5 9.2 | 18.5 |

Tevatron

LEP

ATLAS

Average

M,, = 80387 = 16 MeV

M,, = 80376 = 33 MeV

M,, = 80370 = 19 MeV

M,, = 80379 = 13 MeV
(Uncorrelated = 0.12 MeV)

1 I |
80300

4.2 million W—lv candidates in complete CDF data set

Potential to reduce Tevatron uncertainty to ~10 MeV (~0.01%)

s(alp,) (Tev™')

Will require reduction of PDF uncertainty to ~5 MeV

Azimuthal dependencies removed

>

salp) (Tev™)

Polar dependencies removed

coti

1 I I
80350

X2 /dof

29/27

[Kogler]

80400
M,, [MeV]

[Hays]



SM FIT: ”Incredibly Healthy”

[Gfitter, 1803.01853]
T Ll Ll 1 I T R L
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“The BEH News”

e Measurement of the ttH coupling at ATLAS
[Zanzi] e CMS [Peruzzi] -2 Run2 36 fb-1

e Associate production of H=>bb and H—=>cc with
W and Z in ATLAS [Nielsen]

 Higgs Rare decays [Marini]
* Higgs masses and couplings [Sperka]

e Diboson final states [Nomidis]
e Search for HH production [Kagan]



Measurement of ttH couplings

Top Yukawa coupling (y,V2mtop/v=1), the
coupling between the two heaviest known
particles, is a key parameter of the SM

Irreducible backgrounds from ttV and di-
boson final states

Reducible background from tt




Zanzl 1111 Combination

v

v

v

v

D. Zanzi

Combination of ttH(— bb), ttH—multilepton and ttH-

enhanced categories in H—=yy [1802.04146] and
H—ZZ"— 4] [1712.02304]

Assumptions:

- tHgb, WtH and other non-ttH processes treated as
backgrounds and fixed to SM predictions

- Higgs decay BR as in SM
Evidence for ttH production at 4.2¢ (exp 3.80)
Best-fit uun=1.17+0.19(stat)+0-27.9 23(syst)

- 38% compatibility between individual channels and
combination

ncertainty Source

tt modeling in H — bb analysis +0.15 —0.14
ttH modeling (cross section) +0.13 —0.06
Non-prompt light-lepton and fake 7,,4 estimates +0.09 —0.09
Simulation statistics +0.08 —0.08
Jet energy scale and resolution +0.08 —0.07
ttV modeling +0.07 —0.07
ttH modeling (acceptance) +0.07 —0.04
Other non-Higgs boson backgrounds +0.06 —0.05
Other experimental uncertainties +0.06 —0.05
Luminosity +0.06 —0.04
Jet flavor tagging +0.03 —0.02
Modeling of other Higgs boson production modes +0.01 —0.01
Total systematic uncertainty +0.27 —-0.23
Statistical uncertainty +0.19 -0.19
Total uncertainty +0.34 —0.30

CERN
EXPERIMENT
Channel Best-fit p Significance
Observed Expected Observed Expected
Multilepton 1.6 X33 1.0%53  4lo 2.80
H — bb 087508 g *Ie .40 1.60
H — vy a6t 10158 0.90 1.70
H— 4 <19 1032 — 0.60
Combined  1.27133 10133 4.20 3.80
——— | — -‘t-OtF ) (’st'at.l , Syst. )
ATLAS s=13 TeV, 36.1 fo
—total - stat.
fiH 2z -— < 1.9 (68% CL)
fiH 1y e 06 3¢ (0s.%03 )
fiH bb e 08 e (%5558 )
+0.5 0.3 0.4
fiH ML e 1.6 %y (D3, %3 )
[ LT g 408 D2 408 y
ttH combined I!iﬁl 1.2 fo.s ( ro.z ) foz )
i 1 1 I l 1 | 1 | Il

2 0 2 4 6 8 10
Best-fit p_ for m =125 GeV
ttH

Most sensitive channels limited by systematic

uncertainties, mostly theoretical uncertainties.

Other channels still statistically limited 14



‘@ Moriond EW 2018

Marco Peruzzi (CERN) [Pe ru ZZi]

bb, 1 + 2¢€ results

35.9 " (13 TeV)
T L} [ 1 T T | I E

--C_ é T L] T I T L] T T I L] L T T I L) 1
o F CMS Preliminary e Data ]
o 100k — Background
?, - [ Signal (u=0.72)
S ok —SM(u=1)
T 10*
10° E E
102 E E
10 ; .
3 1o e
; 1:0: . = a ¢ ﬁ-‘f:\-\’i
5o _-
D e P IR T SNV A WO S WU B S W L |

-2.5

-2.0 -1

5 -1.0

-0.5

Pre-fit expected Iogw(S/B)

13

\

C \
— (
»

\

CMS PAS HIG-17-026

35.9fb" (13 TeV)

T T T I T T T ] I
CMS Preliminary
; u  tot stat syst
. T +1.21 +0.63 +1.04
Dilepton '—*—'—'—f: 0.24 "5 060 -095
: : +0.52 +0.27 +0.44
Single-lepton HHEiH 0.84 50 026 -043
Gonties iy (072 0 1050 02
1 1 1 l 1 i 1 ] 1 1 1 I 1 1 1
-2 0 2 4 6

* Very significant improvement over the
previous version of the analysis

* Main systematic uncertainties:

* tt + heavy flavor theory prediction

* b-tagging and jet energy calibration

Best fit u = o/o_ atm, =125 GeV
SM

Uncertainty source +0y (observed)
total experimental +0.15/-0.16

b tagging +0.11/-0.14

jet energy scale and resolution +0.06/-0.07
total theory +0.28/-0.29

tt+hf cross-section and parton shower +0.24/-0.28
size of MC samples +0.14/-0.15
total systematic +0.38/-0.38
statistical +0.24/-0.24
total +0.45/-0.45

Measurement of the BEH scalar coupling to the top quark in CMS



@ Moriond EW 2018 Marco Peruzzi (CERN) [Peruzzi]
bb, 07 results

“N R““\“ CMS Preliminary HIG-17-022
New channel in CMS
35.9 fb' (13 TeV) 35.9 fb™ (13 TeV)
c . T e
£ F ] i tot (stat syst)
f 106 & I?ryinsvinary &%) Background unc < 7j 3b CMS PrellTInary 1M6 96 7 4+27 +92
'2 E || Total background 3 _’ SRR AcER -1LE
3105: . B =) ] 8j, 3b . 1.2 25t 2
b e 29}, 3b |———=——~ -85 5 (31 3o
10t == - 7j, 24b . —e— 54 %7 (42 3
i ——e ] 8j, 24b e -02 5 (55 3
we E 29j, =4b - -04 35 (435 s
0P o 3bcats| = -7 138 (54 X3
N 1 1 ] | '
2 1 i 4b cats — 15 13 (s 0
. Combined o 09 53 (157 43
= > ) T T T R S T T T D T T T T R R | IS TN S WU A U N VA AU W AR S AU U AN AT ST |
S 230 25 0 L 10 5 0 5 10 15 20 25 30
og, (S/B) Best fit i = o/og,, at m,, = 125 GeV

* |n agreement with SM expectation, driven by 24b categories

* Main experimental uncertainties: b-tagging, QCD shape modeling
* Nicely complements the sensitivity provided by semi- and di-leptonic top decays

Measurement of the BEH scalar coupling to the top quark in CMS



Combined ATLAS VH(bb) Results

e Comparison with 7 & 8 TeV results from LHC Run 1
— Use the signal strength y,,, for different values of Vs
— Combined observed significance 3.60 (4.0c expected)

IIIIIIIIII[IIIIIIIIIII III‘I]IIIl’l111IIIIII]IIII[IIII]IIIIII1IIIIIII
ATLAS VH, H(bb) Vs=7TeV,8TeV, and 13 TeV ATLAS VH, H(bb) Ys=7TeV, 8TeV, and 13 TeV
[Lat=4.7 b, 20.3 fb™", and 36.1 fb' [Ldt=47 b, 20.3 o™, and 36.1 fb”
—Total - Stat. —Total —Stat.
(Tot.) ( Stat., Syst.) (Tot.) ( Stat., Syst.)
RN 161 4% (95,488 = - 156 %05 (03, 03
0.43 0.33 +0.28 : 0.46 030 +0.34
S e 065 g (53,5 h i 127 5% (9. %0% )
; 0.42 0.24 +0.34 i 0.38 030 +0.24
15 Tay ke 1.20 "0 (%23 J0zs ) oL Repew 0.07 335 (%029 024 )
Comb. 090 BT (3,95)) com o R
IlIIIIlI I|l|l|||l|lll I|I|] IIIIIIII |IlllllIllllllllllll‘lllllllll
=2 0 2 4 6 8 -1 0 1 2 3 4 5 6 7 8
Best fit u’> for m=125 GeV Best fit u?> for m=125 GeV

e Consistent with Standard Model, so far...  [Nielsen]

J. Nielsen (Santa Cruz) 11



Results for ZH(cc) and ZZ/ZW

Cut-based event selection with fit to m__ [Nielsen]
e Target cC resonances s P
. . O 10 ATLAS - Pre-fit =
— Requirement on AR, varies P Lo = -
from2.2atlowp;“tol.3at § oL =z u
high p;% (>200 GeV) : e I
— p;% ranges 75-150, >150 GeV ° E
e Simultaneous fit of signal 1 :
and Z+jets background ;
— Flavor tagging uncertainty is 14E
dominant limitation on uncert. 2 (3§ ]
8 005580 f00 720 740 760 180 200

: P _ +0.5
Validation: 1z = 0.6" 57
(1.40 observed, 2.20 expected)

m . [GeV]

Observed upper limit of 2.7 pb on o(ZH) x B(H — ¢t)
(SM predicts 26 fb at 13 TeV)

J. Nielsen (Santa Cruz)

14



Higgs Rare Decays in CMS [marini]

B(H—2inv)<0.24 95% CL
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Higgs Couplings

Most important to see
how standard is the Higgs
particle

Large combination of
production and decay
channels

Progress at on this
subject LHC crucial for the
future of particle physics

Spectacular consistency
so far

Massive amount of results summarized in
Sperka’s talk



Summary

[Sperkal]

* Precision Higgs measurements are truly
starting to put the SM (and BSM) to the test

* First combined 13 TeV results shown,

surpassing Run 1 precision in key
measurements, e.g. ggH

 With more data, should be able to see the
deviations predicted by many BSM models

CMS Preliminary
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- — +20

Hogn - ~11%

— ~41%
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- +10 (Stal.®sys.)
- +10 (SYyS.)

Hon|~2 7%§
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" ~26%

M —-o-— ~9%
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H mass and couplings in CMS and ATLAS
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Events / 2.5 GeV

[T "] 7T TV

My
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H-oWW?*: results New! [Nomidis]

Best H=>WW* measurements

OggF * Br-ww* [pb]

|. Nomidis, LPNHE-Paris

S N
ATLAS-CONF-2017-047

50 ‘“60““70 .
O ot

5 Run-| Run-2 |5 fb’!
. ATLAS+CMS CMS
e Signal strength: 0.84/+017
+0.12 +0.18 +0.22
Mook = 1.21757(stat.)y17(sys.) = 1.21755; ~0.17
+0 30 +0 37 +0.4 +0.8
= Uncertainties in good agreement w:th expectattons
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> Precision as good or better than the Run-I combination | . | +
(o ——y
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¢ ' Stat. uncertainty
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Higgs Measurements in the di-boson final state
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Search for HH Production
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Wrap-up of “The BEH news”

Remarkable progress on ttH, evidence of the signal
with SM strength is building up. Nice to see so many
results based on Run2 (full 2016 statistics)

Advancing in a steady way to see H(bb) and H(cc) in W/
/H associated production

Tantalizing close to H>Uu; H=> invisible being pinned
down

The combinations of the H couplings are improving
rapidly; the H mass is in good shape

The sensitivity to HH production is “only” a factor
20xSM away and fast improving



BSM (SUSY and Exotics)

Search for H>aa CMS [Caillol]
Searches for BSM scalars in ATLAS [Stark]
Dilepton (ee, mumu, emu) in CMS [Berry]

Heavy resonances with jet sub-structure techniques
[Janski]

Search for heavy vector quarks in ATLAS [Nikiforou]
Search for Higgsinos and related challenges [Mete]
Progress on SUSY final states with soft leptons [Botta]
Squorks and gluino searches with RPV [Barberis]
Long-lived particles in LHCb [Borsato]



New Run 2 result

b
b
T=e/u/t,
T =e/pu/T,

CMS-PAS-HIG-17-024

Systematics
v Uncertainty Description
T, identification 5%
,i/“ identification 2%

T, energy scale

1.2% per decay mode, with effect on m, and m_,
distributions

7b?jret identification

5—10% deggnding on py, with effect on m,_ distribution

| Norm Z- 1l bkg 7%
Norm. >, fakes bkg 20%, constrained to 7% after fit
Norm ttbar bkg 6%
Shape Z>tt Uncertainties on Z p; and m, corrections, with effect on
m, distribution
Bin-by-bin Each bin or each distribution can be varied within its

statistical uncertainty (coming from limited MC statistics,
or limited observed events in control regions)
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T lll'l'll" T llmq_,,

H—>aa—=2>bbtrt

[Caillol]

19.7 b (8 TeV) + :35.9 fb' (13 TeV)

ll'lll L

...............................

- h—aa—ppuu (8 Te;)

~— h—aa—tttr (8 TeV)
h—aa—tttt (8 TeV)
h—aa—uubb (8 TeV)

2HDM+S type-2 — p.aa—purr (8 TeV)

tanf = 2.0 -~ h—aa—ttbb (13 TeV)
—expected - observed
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[Stark]

95% CL limit on o(gg — H) x B(H — ZZ) [pb)

Searches for BSM scalars

Various strategies for searches for an extended Higgs sector:

Indirect

Look for non-standard
properties of 125 GeV Higgs

(couplings, CP, etc)

T T
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Directly search for decays
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Searches for Heavy Resonances

Process Final State(s) P°7o¢ 0! Luminosity (fb') CMS PAS  Publication ’
20qq Yes 35.9 B2G-17-013 Preparing for JHEP
T1qq o Preparing for X
LA Yes 35.9 B2G-17-006 JHEP
2vqq HEP 07 '
Yes 2.6 B2G-16-015
bggbqq (2017) 001
ovbb No 3591\ B2G=17010) [ PR L BT °
ee/up No 35.9 EXOJe04r&  Preparing for JHEP
ev No 35.9 EXO-16-033 Preparing of JHEP
eu No 35.9 E&oj‘s;o's'& Subr.ni'tted to JHEP
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UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO
41410 (13 TeV) - 77.3 fb (13 TeV, ee) +36.3 fb (13 TeV )
> 6 T T T T | T T N T T :
g 10 { Data CMS ) CMS % — Observed 95% CL I|m|t :
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- Other interpretationsin -+ Can extend the Z’ exclusion
backup slides to 4.7 and 4.1 TeV for the
[Berry]  Z’ssm and Z'y, respectively

D. Berry 14



Search for Heavy Quarks [Nikiforou]

m; [GeV]

S AR 1400 =
—) T ATLAS Preliminary [
T Vs =13TeV, 36.1 fo" 1300 £
g 10°F " ATLASPre liminary —4+- Dat :]1 hghj Er 1-lepton + O-lepton combination €
o Vs=13TeV,36.11b" I:IIl+>1c El i+ 210 it -
= 10k Search regions [ Non-tt /7 T al Bkg un 0 Observed limit 1200 &
Post-fit (Bkg-only) ©
10° 3 11 o
: ¥ SU(2) doublet 00 EJ)
10° O SU(2) singlet 1000 E’?(;
10F (o]
. N : - D
X 15
§ 1leoe wwM/.«,gz,y,iy P e d A*W,’,‘y ,/ /i*;f*#‘/*/*/‘**
= 0.5
S o
RRARRARSRAAA42333333333333338333333¢ — .
I AN A A A AR R AR 014045 0 0.1020.304050.607080.9 1
BEXIZgzgzIzzghng RN ESRSRRRE
LS R -'.:C'»EEZEgEEEE%E,EEi Iyrx "
AR T H HHH LS BR(T — Wb)

e Vector like T masses up to ~1.2to 1.4 TeV are
excluded assuming 100% BR to Zt, Wb, or Ht

e Vector like B masses up to 1.25 TeV are excluded
assuming 100% BR to Wt

~500 GeV impro- vement compared to previous 8
TeV ATLAS result



Higgsinos searches in ATLAS

Am(5E, X9) [GeV]

Testing several scenarios with compressed spectra [M ete]
March 2018
I I | | R B
50 B 2¢ compressed, arXiv:1712.08119, m(x3) = m(x9) + 2Am(x7, x9) j
Disappearing track, PHYS-PUB-2017-019, m(x3) = m(x?)
LEP2 x5 excluded
20 I N ='= Theoretical prediction for pure Higgsino
10 Sensitivity beyond LEP limits
5 _ e ; in a ver_y challenging phase-spa_ce!
-~ ATLAS Preliminary
23 Vs=13TeV, 36.1 fo
18 PP — B X9, Xi%s %5 X§ (Higgsino)
C All limits at 95% CL ]
B — Ob d limit ]
0.5 N --- Ex::g:d |i|mmi|t: |
0'2 [= 1 1 I..’.I‘-.-Il”.l‘-..l. | 1 1 1 l 1 1 1 I 1 l-~_lr IV l‘—l 1 —
80 100 120 140 160 180 200

m(x7) [GeV]



Higgsinos search in CMS (soft leptons)

[Botta] Also Compressed Stops

CMS 33.2-359 fb (13 TeV)

Higgsino-like: pp — 22 % +pp - 5&2 %(1) ]
45 7((2) 5.7 i? i: - W* %‘1’ (BR=1), mg: =(m;+my:)/2

40 =—CObserved + 1 Oiory

==: Expected + 1 B iont |

35 S

Tdgyl
L]

95% CL upper limit on cross section [pb]

30/ =
100% BR into Z*/W", other SUSY particles - El
assumed to be heavy and decoupled E .
20— ) 2 0mit |
CMS 332-35.9 " (13TeV) ; A L &
% 900 Higgsino pMSSM model, NLO exclusion - '_g 15__ _:
S, ==Observed £ 16, g = \ i
< 2z Expected + 1 6,00 iment = 10— ! > ik =
Lo.aoo- 8 ::Hllunlul’x’ull]llln*‘l 1||||11|1||||||:.1
‘ﬁ F =410 4§ 100 110 120 130 140 150 160 170
| 700} o
= PN\ . , ms [GeV]
600}-.. 2 Results also interpreted in a 2
o0t 41 3 phenomenological MSSM model:
ot | 2 u(higgsino), M1 (bino) are varied,
D

M2 (wino) = 2M1

i
G

u [GeV]
[1] B. Fuks et al. “Realistic simplified gaugino-higgsino models in the MSSM”, arXiv:1710.09941



> Extensive search programs for SUSY signatures

» Mostly R-parity = (-1)2s+3B+L conserving
(RPC) scenarios — Stable LSP — MET in the final state

» Gluino/Squark limits are pushing 1.5 - 2 TeV \ x/‘ﬂ“;
P, \i‘\ 55?.\“’;
> Stop limits are pushing 1 TeV 4 .

......................................................................................................

: ' nee L=l E=ly
W, = 7xiikLiLiek + A iikLiQidk%-l-ﬁ A oud dﬂl Q=g wd=g

ik i —j k.| i,j,k = generations

Lepton number violation ~ Baryon number violation

Typically only one A is
assumed to be non-zero




38.2 1™ (13 Tev) 38.2 b (13 Tev)

(— 4 —
'8_ 10 CMS ..... Squark pair production .8_ 10° CMS @ iliio pai ploaidilen
= | Preliminary 95% CL upper limits: = ' Preliminary 95% CL upper limits: °
‘h 10 \\ —e— Observed ‘\ﬂq 10* —e— Observed [Se ItZ]
ég. \.\_‘ ...... Median expected éSZ ‘\\_ ------ Median expected
10 "-\,\ I 68% expected 10° I 68% expected
~ 95% expected "\,\ 95% expected
10 107
1
10
1 —2 L l L l L l L I s I 1 I 1 -2 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
100 200 300 400 500 600 700 800 200 400 600 800 1000
my [GeV] my [GeV]
RPV Squarks excluded RPV Gluinos excluded
between 100 - 700 GeV between 100 - 1000 GeV
» Focus here was on hadronic RPV
» Some low mass ranges were previously unexplored
l;’ New » 100 - 700 GeV for squarks and 100 - 1000 GeV gluinos

4 with intermediate RPV Higgsinos — first result of its kind
> 80 - 240 GeV for RPV stops — qq
» High mass limits are pushing upward

» 1600 GeV for RPV gluinos — tbs



Reinterpretation of SUSY Searches
varymg amount of RVP

P 4 | P / 4*"4" P

., ’ [Ba rberis]

¢
RPC-RPV Combination: t—)tx1(—>tbs)/ t—>bs m(i )=200 GeV, bino-like X,
T T
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1600 — pijet (37 10, TLA (3.2 1) = 3
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LHCb: light bosons and dark
[Borsatel  hhotons searches

LHCb-PAPER-2018-008 in preparation

T 5 T 4 T T T 20, [ } J 2 I s ¥ Y I g & Y I 3 & i -I -‘
> 105} LHCb Preliminary HHERE i :LHCb Pfehmmary 95%0;;;::::3:8 i
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I8 oson % V5 =17,8TeV B 1y > ¢ (50 pb) s [ 1(35) — Obscrved.
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g M+ = N —— CMSobserved
s ﬁ Y |
........ O o p
g _ g 1
b ! ot | b st
First limits 8.7-11.5 GeV =
e m(¢) [GeV]
=9}

m(up) [GeV]

90% CL exclusion regions on [m(A’), 2]

107
%, :
107 =
Dark Photon 5 I
10 E
107 [ LHCDb prompt-like
[ BaBar i

1077 KLOE
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Wrap-up of BSM (SUSY & Exotics)

One CMS result based on full 2016+2017 data set

Largest deviation from background only 3.6 sigma local (2.2 global)
ATLAS BSM scalar [relegated to backup slide.. ]

Most analyses will remain statistically limited for a long time
Jet substructure becomes important

There are searches with “Little background, no signal but data” (P.
Janot)

Interest to fit broad resonances fits in addition to narrow ones

Moving towards lower energy SUSY searches (has something
escaped?)

Introduce some amount of RPV to extend to reinterpret SUSY
searches



Atoms
4.9%

Dark Matter Session .,

Matter
26.8%

ATLAS Heavy Mediator Collider [Lo Sterzo
CMS Heavy Mediator Collider [Sung]
XENONI1T LXe TPC [Coderre]

DARKSIDE LAr TPC [Franco]

NEWS-G spherical proportional counter
[Katsioulas]

ADMNX2 Gen2 RF Cavity [Wollett]
NEDM [Ayres]



Dark Matter Searches (examples)

DAMPE

thermal freeze-out (early Univ.)
indirect detection (now)

—
I)M%S\l
DA" SM

—
production at colliders

ATLAS/CMS

XENON

direct detection



% isung]  tt+DM: Dileptonic
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Upper limit on p

NEW

« Signal normalization updated to NLO cross sections

« Result of BDT analysis on 36 fb™ collected in 2016

« Scalar model: m excluded up to 86 GeV

 Pseudoscalar model: no observed exclusion
« ~20% better than MET-shape strategy, ~10% better than ANN strategy

359" (13 TeV)

Expacted limit 85% CL

P shape
BDT shape
ANN shape
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o
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Summary of ATLAS results in mono-X
[Lo Sterzo]

mono-jet
36.1/fb /s = 13 TeV
JHEP 01 (2018) 126

arxiv:1711.03301

mono-y
36.1/fo s = 13 TeV
Eur. Phys. J. C 77 (2017) 393
arxiv:1704.03848

mono-V(had) mono-Z(lep)
3.2/fb /s = 13 TeV : 36.1/fb /s = 13 TeV
Phys. Lett. B 763 (2016) 251 E Phys. Lett. B 776 (2017) 318
arxiv:1608.02372 : arxiv:1708.09624

mono-H(bb) : mono-H(yy)
36.1/fo s =13TeV 36.1/fb /s = 13 TeV
 PRL 119, 181804 (2017) * Phys. Rev. D 96, 112004 (2017)
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Recap: First XENON1T ReSUltS ... c e 16 ere0r com

__ 8000 p

[Coderre]

e 34 live days dark matter exposure Oct 2016-Jan2017
e No evidence of a signal — upper limit
e Additional 247 live days of data collected to date

o the rest of this talk
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Corrected S1 II)EI W II\IP mass [G(,V(/ C ]

Corrected S2 bottom [PE]

State of the art DM Detector: stay tuned



DARKSIDE
[Franco]

DarkSide-50 is
Unique feature: pulse shape . s tais agontec
d iSC r-i m i n a ti O n »  Using Underground Argon: depleted in 3Ar

* In a 30 ton borated liquid scintillator neutron veto

New results: Low Mass (Best - oo water crerencor veto
limit background free). High = "o
mass (of course not
competitive yet)

DARKSIDE 20 tons —> LNGS
2021

DARKSIDE 300 tons =

@ 10 a a ca
Atmospheric Ar {18V Aati cotne.)
107 UAr Data at 200 V/ea
SLOLAB? Eer T sy
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Ar (Globa.

Field-On
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S
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s
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] 1 1 | P OSSR e "SSP TN [ VN VN
0 1000 2000 3000 4000 5000 6000
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Assuming quenching a
non-stochastic process

Assuming binomial
quenching fluctuations

DARKSIDE: New Results

Low-Mass

10—3! E

Dark Matter-Nucleon oy [cm?]

DarkSide-50 Binomial
~ ~ DarkSide-50 No Quenching Fluctuation

= NEWS-G 2018
~— XENONIT 2017
PICASSO 2017

—— CRESST-III 2017
B XENON100 2016
~ = CDEX 2016
.- .~ SuperCDMS 2014

COGENT 2013
CRESST 2012

Neutrino 'Hoor

a2 L T}

....... LUX 2017
—— PICO-60 2017

« .« CDMSLite 2017

PandaX-II 2016
DAMIC 2016
CRESST-II 2015
CDMSlite 2014
CDMS 2013

) DAMA/LIBRA 2008
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[Franco]

BEST LIMIT!!

High-Mass
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srounded shell

Grounded metallic rod

- Simple design
- Single readout

N
=
l.Giomataris et al .JINST.2008, P09007 \ ﬂ |

0.012

NEWS-G [Katsioulas]
Lowest surface to volume ratio
Sustains higher pressure
Low capacitance — Low noise
High gain Vessel
Anode @ 1 mm-6.3 mm) @ 60cm copper Sensor

oy @ 6.4mm Si
Event discrimination |

Fiducialization

SEDINE detector at LSM

> hamplcuts
No-Cuts e T

LI

0 1000 2000 3000 4000 5000 6000 7000
Amplitude [ADC]

Cd ~ 22 keV

Cu ~ 8 keV




First results of NEWS-G with SEDINE

107%

1
B oo
(B cocent 2013

= EDELWEISS-1 2016 === LUX 2016

T cessrimn e [ comssam socn)
— COMSHte 2015

— SuperCOMS 2014

CRESST-12015

PANDAXI2016 == DAMIC 2016 e XENON100 2016 (S2-0ndy)

—This work
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S| WIMP-nucleon cross section [pb]

—
o

A

o
T

0—41 1 | TE— )
5107 1 3 4 5 6780910
WIMP Mass [GeV]
Limit set on spin independent WIMP coupling with standard assumptions on WIMP velocities, escape
velocity and with quenching factor of Neon nuclear recoils in Neon calculated from SRIM

10°°

Target: Ne+0.7%CH4 at3.1 bar Background model i ng

- 280 gr target mass
Trained with
Duration: 42 days in sealed mode simulated WIMP
and background
events

Dead time: 20.1%

Riso tme fus]

B 4 s 88 328 §

Exposure: 9.6 kg*days (34.1 live-days x 0.28 kg)

Trigger threshold: 35 eVee (~100% efficient at 150
eVee)

Analysis threshold: 150 eVee(~720 eVnr)

Calibration: *’Ar gaseous source, 8 keV Cu
fluorescence, AmBe neutron source

[Katsioulas]

Exclusion at 90%

confidence level (C.L.)
of cross-sections above
4.4-10% cm2fora 0.5

GeV/c2 WIMP

Next detector at SNOLAB

13
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1620 events recorded in the preliminary RO!
sFailed any of the BDT cuts

epass the BDT cut for 0.5 GeV/c?: 15 events

spass the BDT cut for other masses



ADMX Gen2

[WOO"Ett] Simplicity of the principle
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. ]
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Frequency
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Axion Coupling Ig,q; | (GeV™') 100% Dark Matter

10-15

ADMX Gen?2

= Currently ADMX is scanning

700-890 MHz

= We anticipate faster frequency

coverage in the future due to:
» Higher magnetic field

= More stable quantum
electronics

* Lower temperatures

= Reduced engineering
overheads.

= Speed up of ~6x

Axion Coupling 192y, | (GeV')

10°
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DFSz 0000 I0 200 300 400 500 600
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1 10

ADMX “Sidecar”
~ Experiment

~ Current Operations

7 Operations
(Completed)

10 100
Axion Mass peV

[Woollett]



NnEDM data to look for ALPs

Byproduct of the search for electric dipole moments
Oscillation in the neutron precession frequency
Data from ILL and PSI sister experiments

nEDM at PSI Experiment .
Ll CG 9 2GP (:[);lu \/ CN
7k |

™ T adl b4
fa32m2 21,
4-Layer y-Metal A

Magnetic Shield HV Electrodes ;
Precession Chamber % % Axion-gluon coupling
. R . Induces neutron EDM i SR
_— oscillation through same Non E dependant
& % mechenismias GOD heta frequency modulation
i 2
I . g
o, !l

d,aNy*y>N

Polarised
Neutrons

L= 0G2,G°*
2 Vv

i itive [ &% US
Spin-sensitive | | @ o'
detectors ~ we mm' UNIVERSITY

ssssssss

[Ayres]



oscillation amplitude (1072 e-cm

Celfs (GeV~1)
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First Laboratory limits

d, array periodogram
- mean of MC periodograms
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Wrap Up Dark Matter

Interplay of direct searches and Accelerator searches (high
energy and beam dump)

Stay tuned for new XENONI1T result; “salting” the data to
protect the efficiency

DARKSIDE: already best limit at low mass with just 20 Kg of
LAr (New results!)

Direct Collider searches complementary to Direct detection
experiments; caveats about what is plotted, these are not
DM colliders

NEWS-G with H/He/Ne, very low threshold for nuclear
recoil thanks to gas gain and low capacitance

ADMX 2"d Generation first results
Limits on ALPS from analysis of ILL/PSI nEDM data



Neutrinos

T2K [Cao]

NoVA [Backhouse]

CC from Monoenergetic Muon neutrinos [Spitz]
Measurement of CEVNS by COHERENT [Rich]
HNL from Kaon decays [Parkinson]

Daya Bay [Ling]

STEREO [Lhuillier]

lceCube [Larson]

Antares [Bruijn]

HNL in CMS and future efforts [Negro]



Long Baseline Neutrino Oscillations:
v, disappearance and v, appearance

B : ¥ . b' N
9 |

a:i o _Afte_r 90 yrs., neutrinos still keep suﬁrprising us!

: NOVA Far Detector (Ash Rlver MN)

= ‘MINOSF r Detectof. {s udan MN) .

A long-baseline neutrino \ y
ST : Fermilab
oscillation experiment,

NOVA [Backh0use] situated 14 mrad o_ff # il

the NuMI beam axis



Number of Events

T2K: v, appearance latest Data
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v, disappearance results

NOVA Preliminary

T -

NOvA Normal Hierarchy
8.85x10”° POT-equiv.

Al Guartios NOVA Preliminary
prese 5 o (o T 5 e o o e e el o) e (e e e S - | Y L \ | " ! . ! | : ' ’ U
-4-Data 3.2 = Normal Hierarchy 90% C.L. 2
_ —— NOVA 8.85x10%° POT-equiv.
s e T2K 2016 -

----- MINOS 2014

Ratio to no oscillation

o — Prediction
0.5 —|
p——

1 2 3 4
Reconstructed Neutrino Energy (GeV)

» Expect 763 FD v, CC events e
with no oscillation

» Observe 126 (inc. 3.4 beam [Backhouse]
bkg. and 5.8 cosmic)

Am3, = (2.44+0.08) x 1073eV?2 (NH)
sin“fp3 = 0.56700% or 0.48790%

11/19



Ve appearance results

NOVA Preliminary

S [ LowPID Mid. PID ~  HighPID 3 ] e IN|OVA Prellmlnary
'S 20+ ' ol “NOVA FD sm229 _o 082
o - —— FDdata ol§s i i
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[Backhouse]
NOvA Prellmlnary

» Joint fit from v, and v, spectra INovAFD " "Normal

. - 8.85x10%° POT equiv. " hierarchy 1
» Constrain 643 to reactor avg. - T
sin® 20,3 = 0.082 + 0.005

" hierarchy
» Prefer NH and (weakly)
5CP = 37T/2

Significance (o)

» IH disfavoured at 2¢ level



e data
~ Model (Huber + Mueller)
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* Daya Bay have made the most precise
measurements on
. — 5in226,; = [8.41 + 0.33] x 107 |
= — Am?;, = [2.45 £ 0.08] x 103 eV2 (Normal Hierarchy)
D — Am?;, =[-2.55 + 0.08] x 103 eV? (Inverted Hierarchy)
— Expected to reach 3% by 2020

* Reactor neutrino measurement
— Flux: 5.4% deficit than the model prediction
target mass: 20 t Gd-LS — Spectrum: clear deviation at 4-6 MeV energy region

other mass: 20t LS +40t MO — Fuel evolution: neutrino yield of 2*°U different from
photo sensors: 192 8” PMTs the model

o
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STEREO Detector

5in?(26)=0.14, Am?=2.4 eV2

= Compare 6 target cells to measure oscillation-driven
3 N . o A Furthest cell /
distortions in the E;_spectrum. - /X Closest ool /
= Mitigate sensitivity to predicted spectrum. g ok \
\ \
SV A
S 090
3 Vi y
§ N
0.85 N
2 3 4 5 [ 7
bi MeV]
20 em thick acrylic buffers vrrmenngeY)
for homog: d -
response. PMT coupling via & :‘:n"::‘s""(':‘l’l"
oil bath. g Closest cell
2
Liquid Scintillator g
Target: 6 identical cells §
- Gd-loaded (0.2% in mass) & R R S
~Vy=2.2X0.9%0.9 m? visible energy (MeV)
16/03/2018 D. Lhuillier - Moriond EW 2018 6

Test of No Oscillation Hypothesis
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[Lhuillier]

Compact core

* 58.3 MW_thermal
* P40cm x 80 cm
* Highly enriched: 93% 235U

16/03/2018

= Raster scan
approach.

= Ax?law simulated
in each Am? bin.

Amj, (eV?)

= Reject oscillation
amplitudes larger
that statistical
fluctuations for a
given C.L.

16/03/2018

10!

3-4 cycles/year each of 50 days
10% 51 pure v, flux

ILL Site

Challenging mitigation of
the background generated

by:
- Neighboring experiments.
- Cosmic-rays.

D. Lhuillier - Moriond EW 2018 5

STEREO Contours

Preliminary
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%: RAA oscillation best fit rejected at 98.8% C.L.

- RAA95% C.L.
- = RAA99%C.L.
*  RAA: Best fit
[0 STEREO Exclusion Sensitivity (66 days) : 90% C.L.
1 STEREO Exclusion (66 days) : 90% C.L.
[0 STEREO Exclusion (66 days) : 95% C.L.
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Appearance Best-Fit Values from DeepCore [Larson]
25 - - -

IceCube v“*““ Appearance
3 Year Results (Preliminary)

I Analysis 1 Expected (N, =1.0)
Bl Analysis 2 Expected (N, =1.0)

= + Analysis 1 Best-Fit
=  Analysis 2 Best-Fit

IceCube

Significance (Wilk’s Theorem)

0 lo
S ——s) - Analysis 1 (NC+CC) Best-Fit 68%, 90%
P e—— 4 Analysis 2 (NC+CC) Best-Fit 68%, 90%
Superk (CC) 68% (arXivi1711.09436) ‘ S -
OPERA (CC) 90% (arXiv:1507.01417) | e
0.0 0.5 1.0 1.5 2.0 @
ICECUBE v, Normalization (15)

B T T e




Ingredients : ANTARE+SGOP

Dataset: e e
o0 2007 - 2015 ' '

0 2424 days lifetime

o All-flavour analysis:
7622 tracks
180 showers

Most significant cluster: 1.9 o

§=0° 24n].

.
-
L8

0
-Iogm(p-valua)

ANTARES 2007-15 sensitivity
ANTARES 2007-15 sensitivity (E_< 100 TeV)
ANTARES 2007-15 limits (candidate list)

. ANTARES 2007-15 limits (candidate list for HESE events)

. ANTARES 200715 limits (1' declination bands)
IceCube 7 years sensitivity [ApJ 835(2017)2 151)
IceCube 3 years MESE sensitivity (E_< 100 TeV) [ApJ 824(2016)2 L28]
IceCube 7 years limits [ApJ 835(2017)2 151]

10°°

pa o b o by by by s by e by e by by

-0.6 -04 -0.2 0 02 04 06 0.8 1
sind

-10
L —

Most sensitive upper limit in fraction of the sky
in particular at low energies (< 100 TeV)



Charged currents from monoenergetic v

arXiv:1801.03848v1, accepted by PRL

Distance from dump
to MBis 86 m
BACKGROUND
NuMI target staton . Y ¥ yy Ve SIGNAL
e T e ey

120 GeV protons / ________
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The NuMl target is
2 interaction lengths

S:B is expected to
1) increase in early and late time
2) remain constant in normal time

.

NuMI neutrino beam line (720 m)

normal time (8000 ns window)
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Measurement of CEvNS
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Measurement of CEVNS [Rich]
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* Analyzed as a simple counting experiment

- 136 + 31 counts

» 2-D profile likelihood analysis

- 134 + 22 counts

77% = 16% of the SM prediction of 173 + 48

—In(L)

- Null hypothesis disfavored at 6.7¢ level relative to best-fit
number of counts
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HNL from K Decays (NA62)

* The limits on ny, are converted into a limit on the mixing elements

|U,,|* (red) and

—_—
o
n

[Parkinson]

UL on |UM|2 at 90% CL
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o
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10®

10°

B(K*—¢*N) 1

|U 4|* (blue) via |U ,,[* = e

) p(my)

World limits on HNL production

KEK (1984) NA62-2007

K'>u*N, K'—e'N (2017)
K'-p*N

TRIUMF (1992)
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This result
K'-p*N, K"-e*N

[Phys. Lett. B 778 (2018) 137]

E949 (2015)
K'-p*N

PIENU (2017)
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HNL

[Negro]
Disappearing tracks

: trileptons final state
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HNL: SS dileptons final state

« Limits set on mixing parameters |V.y|2 and |V|2
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Ov2p Experiments at this session

Testing the nature of the neutrino mass:
Dirac or Majorana?

e EXO-200 LXe TPC [Der Mesrobian-Kabakian]
e CUORE Bolometers [Tomei/Vignati]

e CUPID Scintillating Bolometers [Gironi]



26/8/16: CUORE detector complet Blinding of the result

* Data at the Q-value are salted by randomly exchanging events with the
nearby 208T| background line. This creates an artificial peak that hinders

1
s -

5 Ea the true rate at the Q-value;
L " . " o
- * Once the analysis procedures are fixed data are unblinded by exchanging
back the events.
0vpp Q-value
— H 20!
80 E [ Blinded *TI1
70F | — Unblinded :
60F- CUORE Preliminary
s E  Exposure: 86.3 kgyr :
2 50 =
S 2 =
N -
LY S 30f
10f-
s A g = .. g Ry oy A i
00 2450 2500 2550 2600 2650 2700
E
M. Vignati - CUORE neegy (o) 13

Combined with previous Te experiments

Exposure 130Te: - e

* 19.75 kg yr Cuoricino Goetno + CUORR-D + CUORE ik (T9) I Iﬂ

* 9.8kgyr CUORE-0 '®F | cuoe sensitivity (Te) 3 . . .

. 240kgyr CUORE ; [Tomei/Vignati]

Combined 90% limit: Normal hierarchy
+ TVv>1.5x105 yr
* mpp < 140-400 meV

|><
©
vl vl Lol 11 11111

+—t lll:ll]

10—1 il 1 vl oth”i:nwpes
10 1 10 10?
Experimental half lives: ”’lw (meV)
1%Te: 1.5 x 10% yr from this analysis
76Ge: 5.3 x 102 yr from Nature 544, 47-52 (2017) 199Mo: 1.1 x 102 yr from Phys. Rev. D 89, 111101 (2014)

1%Xe: 1.1 x 10% yr from Phys. Rev. Lett. 117, 082503 (2016) CUORE sensitivity: 9.0 x 10% yr
M. Vignati - CUORE 15



HV FILTER AND
FEEDTHROUGH

L. EX0-200

DOUBLE-WALLED
CRYOSTAT

25 mm ea

VACUUM PUMPS —1

LXe VESSEL
1.37 mm

>25am

[Der Mesrobian-Kabakian]

. LEAD SHIELDING

Sensitivity and limits

* Combined analysis:

* Total exposure = 177.6 kg.yr

~
Sensitivity of 3.7x10%° yr

T, "> 1.8x10% yr (90% CL)
s angg> < 147 — 398 meV

J

arXiv: 1707.08707
* Individual phase limits:

Livetime | Exposure | Limit 0% CL)
Phase 1 596.7d 122.0 kg.yr T, >1.0x10% yr
Phase 2 271.8d 55.6 kg.yr T, 0> 4.4x10% yr
2018-03-15

EXO-200 Latest results, Rencontres de Moriond 2018

14



CUPID-0: Cuore Upgrade with Particle
|Dentification

Scintillating bolometers 72, > 2.4- 107 yr 90% C.1)

range due to the nuclear
matrix element calculations

mgg < 376 — 770 meV  «—

E 1 "] Heat Spectrum
_?"0 ; + o. Rejection
4 ~ [ - Delayed Coincidences Veto
v/ [ e— Ty, =24 x10* [yr] ; BKG level = 3.6 x 10° [counts/(keVkgyr)] BKG IEVE' .
= I~ .
2]
5107k 3.6 conts/( keV Kg y)
= | N |
10+ \\
: S

/(éOO 2850 2900 2950 3000 3050 3100 3150 3200 [Glron|]

Energy [keV]

fitted spectrum together with a
hypothetical signal corresponding to
the 90% C.I. limit

Previous NEMO limit Tl‘)/”z(BZSe) > 3.6 - 1023 yr (exposure ~3.5 kg - y)




Wrap Up Neutrinos

20 exclusions of CP conservation

IH Disfavoured at 20

5% deficit in reactor flux, RAA

Clarification of Sterile Neutrinos required...
Interesting DAR techniques revival

CEVNS observed

HNL (RH neutrinos) searches at accelerators

Ov2[3 Eexperiments reaching the IH sensitivities



Cosmic rays & Gravitation

* Auger [Bohacova]
e DAMPE [Xiang Li]
* Ligo-Virgo [Cella]



PIERRE
AUGER

OBSERVATORY

[Bohacova] | 41ge scale distribution

s
@,
R A“,ﬁ

Arrival directions

equatorial coordinates 90
- - - - Galactic plane S
* Galactic center

0.46

w
N
(@)
I_.IK (IS uy

E > 8 EeV :~ 30 000 events

= indication of extragalactic origin
= distribution of nearby galaxies is also dipolar BREAKTHROUGH
- 2MRS catalogue dipole points 55° away OF THE YEAR

Science 357 (22 September 2017) 1266

M. Bohacova, 16. 3. 2018

(% |



First result: CRE spectrum
[Xlang L|]

3
A break at ~O 9 TeV
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(DAMPE collaboration, 2017, Nature, 552, 63)



LIGO-VIRGO
GW170814 [Cella] O

Istituto Nazionale di Fisica Nucisare

e «Still» a BBH

Hanford Livingston Virgo

B 187 1 | | coalescence.
g | | ] * Three detectors
il Y detection:

V/WJ\«/\ \”’\/ﬁ \Www Y | AN * Localization

32 ‘\.

\M/\/v' W\f _,Wm.w . Phys. Rev. Lett. 119, 141101 (2017)

8 03 os2

Time [s)

w
©o

-
-

*
Normalized Amplitude

-

-

e

quuunny l"l)

nm

Whitened Strain llO'z"}

) 032 054 056 s 03

'-l‘lmc (s] Tlme [ .]




GW170817

Counterparts

Multi-messenger astronomy is born
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Thank You

| am honored to have been invited to summarize the
conference

The quality of the talks was outstanding
It made it easier to prepare a summary...

...leaving a couple of hours of free time to go and see
the Monte Bianco!

2018 sessions in
La Thuile, Aosta valley, Ital

March 10th - 17th. 2018

Mont Blanc

Monte Bianco



