24 - 31March 2024

Packed sessions with exciting recent results
52 experimental talks and lively discussions

Challenge to summarise !

Apologize for not covering many topics !
Focus on recent results

Barbara Clerbaux
Université libre de Bruxelles
Sunday 31/03/2024
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MORIOND FAN ... my Moriond history :

MORIOND 1995 (QCD) - Les Arcs

- Session on the top discovery

- LHC was approved, presentation of the detectors
- Structure functions, diffraction ...

MORIOND 1999 (QCD) - Les Arcs
SM fits my =71 +75-42 GeV

MORIOND 2007 (EW)
(young scientist forum appeared,
summary in French disappeared)

MORIOND 2010 (COSMO) - proceeding in colours
(start of the LHC)

MORIOND 2012 (EW) :

- H local significance of 2.50 and 2.80 by ATLAS and CMS
2010 data (5 fb™) at 7 TeV

- 8,5 is measured to be non-zero (5.20)

MORIOND 2013 (EW) :
Nobel prize in October
LHCDb : observation of B = uu (3.50)

MORIOND 2015 (EW) :
Anniversary : 50th Rencontres de Moriond
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H boson results

Electroweak precision measurements
Beyond the SM

Flavour physics

Neutrino and dark matter



Andrew Chrisholm
Louis D’Eramo
Jean-Bapiste de Vivie
Abdollah Mohammadi
Nicolo Trevisani
George Uttley

H BOSON

ATLAS and CMS results
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2 - ATLAS Online .
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= m— 2015, 13 TeV, 4.3 fb™
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H mass and Width measurements (Jean-Baptiste de Vivie) L L B B L
Fundamental parameters Of the SM ATLAS - Total Stat. Syst. | Combination

Runi: /s=7-8TeV,25fb~!, Run 2: /s = 13 TeV, 140 fb~!
Total Stat.  Syst.
from H _"yy and H _’ZZ_’4l Run1 H — vy F——— 126.02 + 0.51 (+ 0.43 + 0.27) GeV

Run1H >4 F—e— 124.51 + 0.52 (+ 0.52 + 0.04) GeV

H mass : with the Run 1: my =125.09 + 0.21(stat) = 0.11(syst) GeV Run2 i i 12017 0.1 (011 0.09) GeV
. . Run2 H — 4/ 124.99 + 0.19 (+ 0.18 + 0.04) GeV
Key uncertainties : lepton and photon energy scales Run 142 H — 1 125,22+ 0.14 (+ 0.11 £ 0.09) GeV
Run1+2 H — 4/ 124.94 + 0.18 (+ 0.17 + 0.03) GeV
-Run2:CMSH—4l:  my=125.04%0.11(stat) = 0.05(syst) G&V | s comure M mmosonwomsconce
Beam spot constraint, per-event m4+£ uncertainty, use categorisation, | run1:2combined FTi 125.11 £ 0.1 (1 0.09 £ 0.06) GeV
improve the line shape description T R T e T T T S T
Most precise single measurement my [GeV]
-Run 2: ATLAS H—=yy : my=125.17 £ 0.11(stat) = 0.09(syst) GeV ATLAS RUN 1 and run 2 combined :
Refined calibration model, linearity fit - Keep syst below stat error Precision 0(0.09%)

Target for HL-LHC : mass uncertainty of about 20 MeV

H Width : tiny width predicted in SM : gy = 4.1 MeV << mass resolution (1-2 GeV)

BSM contributions could bring enhancement (e.g. Higgs portal to DM)
On-shell line shape from CMS: [ <330 MeV @ 95% CL (~ 80xIgy)

2 2
Indirect limit from off-shell regime : o(i — H® = f) ~ 9i 95

§— m2 2 e m2 I‘Q
[=2.9%% MeV, € [0.6,7.0] MeV@95%CL  ATLAS (8 = my) +
(Expected : I' = 4.1 = 3.5 MeV, € [0.1,10.5] MeV @95 % CL) assuming [ gigf]oft-shell = [Zigflon-shell .




Nature 607, 52-59 (2022)
S H coupling measurements (Nicola Trevisani)

LR T U LR A
ATLAS Run 2

B e . Fundamental parameters Nature €07 (2022) 60
= - - ature
= F ¥rex - of the SM
ol I - K. is a free parameter ]
E[2 10°E SM prediction = CMS 138 b (13 TeV)
X — - H H e i
ol - Coupllngs to the most masswe b I +1 SD (stat)
= - qus 3 particles are well established = +1 5D (stat ® syst) [l +1 SD (syst
1078 B AR |n__ — +2 SDs (stat @ syst)
= B - lEH - E H—uu : Evidence in 2020 E y Stat Syst
B Force carriers Higgs boson 7] K _i_ 1 02 1008 005 4005
154 : FiF - v ] Next challenge : H—cc - : IUBRANRR st =
S TS AT Ll bl = B :
; 14T UL L DL B ] K7 -@- 1.04:007 005 1005
S 12fF - -
< - l . I K,appa value: Ky —-— 1.10:008 006 0.0
1 i i - coupling constant | ;
0.8 :—“Hl T ”. i T R H. ] ratio k =/'{//'{SM Kg -@— 0.92:008 005 +0.06
107" 1 10 102 B 5
K —i— +0.11 + -
Particle mass [GeV] t_ ; gy =
. . . : +0.17 9 +0.12
- H—cc: CMS: Firstobservation of VZ, Z > cc at a hadron collider at 5.7¢ " ? 0ol B2 L
o(VH) x BR(H>cc) <14 SM at 95% CL K. _@_ T T
- ttH, H—bb: process allows to measure both the k; and k, coupling values |-
ATLAS: 1=0357% CMS: 11=033+026 Ky —ei—— L1250 52 e
Definition : signal strength u=0/ogu “zv— § = | g50% 031 018
- New : bbH process, challenging channel SETUETETE TR T e E T el

. - 0 65 1 158 2 28 3 35 4
CMS:H->WW, H— 77, Obs. (exp) UL of 3.7 (6.1) times the SM at 95% CL Barirnater uaiie



Fiducial Differential cross section measurements

(Abdollah Mohammadi)

Enough statistics to go differential !

Differential cross section as function of :

pr(H) (QCD perturbative modelling, sensitivity to BSM scenarios)
and Nj (sensitive to the production mode composition)

- H—=yyandH—Z2Z, WW, VBFH - WW
- H—bb,H — 77, boosted H— 17

Example : New H—bb : large BF but small S/B, high p;(H) event >450
GeV (boosted bb system, large radius)

138 fb” (13 TeV)

138 fb™' (13 TeV)

S CMS Preliminary
CMS Events are R ry—— vom oo | B
~ C . .
.. ; = 3000 DDB Pass Oaco Ow g Feheme (3 Combined fit
S p l_lt I nto a S I g n a l E [ 9gF category E‘ZT(QQ) Eéf:;)e t ug: O . SM expectation
S OV  [OBkg. H 3
and BG control —ver <5 <erscor]

550 < p.< 600 GeV |

regions

based on the
value of
DeepDoubleB
tagger.

500 < P < 550 GeV | —

450 <p_ <500 GeV [

1 L 1 1

-0 5 0 5 10 15

TTTT[TI T T [TT T T[TTT T grTTT [T

>
-

m; >2000 GeV |- ——

1000 < m; < 2000 GeV |—

(Data - Bkg)/o,,.
i N
T
——
——
—
._+_
—e
Fo—
VBF category

N 0 5 0 5 10
180 200 VBF
mgp [GeV]

ATLAS

99 —>H (WW*)

Vs=13TeV, 139 fb’!
m, =125.09 GeV, |yH| <25

0-jet, p;’ <200 GeV

1-jet, p!f < 60 GeV

1-jet, 60 < p! < 120 GeV
1-jet, 120 < p? <200 GeV
> 2-jet, p;’ <200 GeV

pY 2200 GeV

e Total Stat.
mam Syst. SM

Total Stat. Syst.

ol 127 %9713 (s008.,7372)
r— 066 550 (Y05 Toe)
o= 068 94 (s032.7037)

- o 5% (35,55
H— 156 9% (10431059
- 9% (32.5)

> 2-jet, 350 < m; < 700 GeV, p < 200 GeV —e— 0.12 323 (fg 3? ,1041)
> 2-jet, 700 < m; < 1000 GeV, p*! < 200 GeV —eo— 0.57 4) o8 (*8 ?} ) tggg)
9q—>Haq (W) » 5 jet, 1000 < m; < 1500 GeV, p* <200 GeV == 132 9% (1050 020
> 248t, m; 21500 GeV, p'! < 200 GeV e 119 e (055 .10%)
224et, m; 2350 GeV, p* 2200 GeV o= 154 081 (*051 1034)
0det, pff < 10 GeV Fe 08 % (19571079
04et, 10 < p¥ < 200 GeV e 115 928 (1915, 1919
1-jet, Py <60 GeV e o3t o3 (03 50is)
9g—H (2Z°) 1et, 60 < pff < 120 GeV e 142 00 (04 0%
1-jet, 120 < p!! < 200 GeV —e— 0.41 g:gg (tg:gg tggg)
2 2-et, pff <200 GeV - 035 ‘o5 (‘0351 03)
P 2200 Gev = — 241 g (955 505
ot e 95 (9501
d—Haq 22 Ziet, 60 < m; < 120 GeV - / 151 35 (32 "0%9)
>2-jet, m; >350 GeV, p! =200 GeV WW—e— 0.1g 1209 (+208 40.18)
Vht-lep (22°) —e— 128 58 (55 000
{tH (22 ——— 173 BT (41, fgﬁ?g)
I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 L I 1 1 L I 1 1
-10 -8 i 4 2 0 2 4 Ig 8

o x B normalized to SM value



Di-H searches: HH and HX (Louis D’Eramo)

Searching for HH production is directly connected to probing
the H potential, in particular the trilinear coupling Aqpn
The HH invariant mass shape very dependent on the k;

Ky = Agun! Asm

gluon-gluon Fusion (ggF): c=31.02fb
(1000x smaller than single H)

Vector Boson Fusion (VBF): 0=1.72fb
tests also VVHH coupling: Koy

The leading 3 (ggF) channels (bbyy, bbtt, bbbb) * !
are close with expected limits around

~ 5 x SM prediction

The combination leads to a limit ~ 2.5-3 x SM.
— K, inrange : -6 to +6

New results presented :
ATLAS VBF HH—bbbb and CMS HH—yy1t

BSM : sensitive to new particle (spin 0 or spin 2)

boosted analysis
excludes the value

significance of 6.30

BR(HH — XXYY) (gluons, ¢, muon not shown)

Impressive
. . bb ww T zz YY
list of final
states
covered!
WWwW 4.6 %
(Also for
BSM T 73% | 27% | 039%
searches) Al A
2z 3.1 % 1.1% 1 0.33%

YY 0.26 %

[ JFull Run-2 analyses: A for ATLAS only

Phys. Rev. Lett. 131 (2023)

138 fb' (13 TeV

> 2.5 10t
. =
<
2 v 10° oy
The H—bbbb 1.5 e 102
10
=0 with e
Kzy =0 a 0.5 e . |,
----------- 10°"
05 102




Search for BSM H boson (George Uttley)
Low mass H—yy

There are many 2HDM extensions which can give rise to additional low mass Higgs bosons

R it TN
CMS observes an excess of local % 0| — i ] g
(global) significance of 2.90 E’ wf-
(1.30) at 95.4 GeV. 3

%)

ATLAS observes a local
significance of 1.70 at 95.4 GeV o

com'ponent subtracted =

400
200
0 I
-200
400

110 120

m,, (GeV)

100

70 80 90

Wide scope of new BSM H boson searches
released by ATLAS and CMS

- BSMH/A — tt, BSM gg — tH/A — ttq

- A—ZH-lltt, AZH—vwbb, AZH—41+)j/MET
- Z*—h/HA—4 taus

Still a large amount of phase space available for
extended H sectors

Current status of the hMSSM (type || 2HDM)

T
® Data

====- Continuum Background

— Total Background

llI1llllllllllllllllllllllll

1
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60 September 2022
S=8 i VAN [ gglob H/A, H/A — <t
c 139 fo™!
E ] Phys. Rev. Lett. 125 (2020) 051801

[ tb) H, H" — v, 36.1 fb'
n JHEP 09 (2018) 139
[ b(b) H/A, H/A — bb
27.8fb"
Phys. Rev. D 102 (2020) 032004

Eur. Phys. J. C 81 (2021) 332
A —Zh,h - bb, 139 fo™
arXiv:2207.00230
[ t(b) H', H" - tb, 139 fb”
JHEP 06 (2021) 145
O H->WW o iviv, 36.1 b
Eur. Phys. J. C 78 (2018) 24
@ H - hh — 4b/bbyy/bbr
126 - 139 !
ATLAS-CONF-2021-052
—| === h couplings [k, & K]
36.1-79.8 1"
Phys. Rev. D 101 (2020) 012002
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ATLAS-CONF-2022-008
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Electroweak precision
measurements

ATLAS and CMS results

Saptaparna Bhattacharya
Cécile Caillol

Aleko Khukhunaishuvili
Andrea Knue

Kenneth Long



EW results : single W/Z measurement

(Kenneth Long)

- New ATLAS W and Z cross sections (+ ratio)

at 13.6 TeV (Run3)

“Special LHC runs” at 5 and 13 TeV with low PU

9.5

- NEW ATLAS W mass and width measurements :
Updated results with extended studies of PDF

W mass is measured from the W boson my and pr distributions
The analysis is also sensitive to I'yy

I'w=2202 = 47 MeV

Mw = 80366.5 = 15.9 MeV

 [MeV]

~ 2300

2200

2100

IlT\[IIIIlIl\!lIIIII!III

ATLAS
Vs =13.6 TeV, 29 fb™’

. Data (stat.® syst.)

e CT18

= CT18A

A MSHT20

Y NNPDF4.0
O PDF4LHC21
o0 ATLASpdf21

A ABMP16
| 1111 ‘ 111 1 | 111 1 | 1 11 1 | 1 1 1 |
10.5 11 11.5 12 12.5 13
R. . =gfid /fid
w1z = Ow-"’ 9z

LEP Combination
Phys. Rep. 532 (2013) 119
m,, =80376 + 33 MeV

DO (Run 2)
Phys. Rev. Lett. 108 (2012) 151804
m,, = 80375 + 23 MeV

[ [ [ [
ATLAS
Vs=7TeV, 461"

95% CL

X (80355, 2088)

1
A Best fit p=-0.30 |
¥ SM prediction

CDF (Run 2)
Science 376 (2022) 6589
m,, =80434 + 9 MeV

| ‘ LHCb 2021

JHEP 01 (2022) 036
m,, = 80354 = 32 MeV
ATLAS 2017

Eur. Phys. J. C 78 (2018) 110
m,, =80370 + 19 MeV

ATLAS 2024

This work
m,, = 80367 + 16 MeV

| 1 |
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|
80380

|
80400
m,, [MeV]

CMS Preliminary

o T
o + 201pb* (13 TeV)
0105 - ® 182pb"(8TeV) Theory: NNLO, DYTURBO and NNPDF 3.1 PDFs |
% E O 36pb'(7Tev) E
o] % 298 pb™ (5.02 TeV)
%X 7.3ub"(2.76 TeV) W=
I & 54pb’(276Tev) wt
W
10* £ E
Z
1 03 = E
! ! MR 1
2 5 7 10 20

Overview of m,, measurements

Center-of-mass energy [TeV]

ATLAS '

@ Measurement
|:| Stat. Unc.
lTotaI Unc.
. SM Prediction

______________________________

80200

80300
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- New ATLAS Differential study of MET+jets 103 e L
= ATLAS —e— Data (Stat.)
. . . -.-9|8 102 E=13TeV, 140 fb"! "/////, Data (Stat. + Syst.)
Very comprehensive result, with Z,W, y dominated = ob e, PTHets, = 1 jet MEPS@NLO
. 8 —— NNLO Rew.
Unfolded results for combined EW processes and 3 - o o
: 1 ey
single-process only 1 e
. . . - ety
Measure of differential Z(vv) cross section versus pr(Z) 10 -
1072 == ==
. . -3
Study of Z(vv) can be recast as partial width measurement: 10 e
Indirect I';—vv measurement: : 5
[(Z - vi) = ZEHOBEZ D V) o, METIET MEPSONO Sttty [ NLO R Siatyt) |3
o(Z+jets)B(Z — ££) I /A/' 7 ) 7 =
© L&/ LLELLS S S S L LSS SIS LSS S S S S S SIS LSS S S, /
T T T T T T T T I T T T T T T T T I T T T T | T T g ,&W////////////W////////y//////_
ATLAS B OB =
Ys=13 TeV, 37 o e Total BN Syst. | SM E ..................................................................................................................................... _E
LEP Lineshape o 499.0 = 1.5 MeV —EWK ___ —Diboson |
L3 e B
23
OPAL — g 539 . 31 MeV E ..E ......................................................................................................................................
c 8 . .
ALEPH | 450 + 48 MeV reczo?IOO miss 2500
---------------------------------------------------------------------------- py " =p " [GeV]
LEP Combination, Photon-tagged ~F—p— 503 = 16 MeV
CMS —e— 523 = 16 MeV 1"’
— —_
ATLAS —— . Z—-w = 506+2 (stat.) =12 (syst.) MeV
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
350 400 450 500 550 600

I'(Z—>inv) [MeV] 14



§ [ JLHCD
EW results at LHCb ’ E ?TLI;S/CMS
(Andrea Merli) TESm.
‘% 10“;g &
S L
i) 103?
- W mass measurement: 0
Uncertainty from PDFs o
at LHCb is anticorrelated Eo
to that of ATLAS/CMS
3 0 T T T L
My = 80354 + 23(stat) £ 10(exp) = 17(th) + 9(PDF) MeV > 4sF  LHCb W Statistical Uncertainty E
M,y = 80354 + 32 MeV % 100 pb! Total Uncertainty ;
= 4 Vs =5.02 TeV ¥ Resbos + CT18,NNLO =
Shy I POWHEG +CTI18,NNLO
LHCb used roughly 1/3 of the Run-Il dataset 3.5 — T POWHEG + MSHT20, NNLO
Expected statistical precision with full run 2 : ~14 MeV 3 “ ﬁ 3
25 i =
- New measurement of Zboson cross section ) .! E
at5.02 TeV: pp—=>Z—p+p- T " :
Performed with 2017 pp dataset of ~100 pb™ 1.5 ot . E
2.0 <n<4.5with p;>20 GeV I N E
Constraining the uncertainties of PDF 0.5 ) —
] ool ] R R IR
1 10 10?

p? [GeV/c]
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CMS Wildcard 2 o s
NEW: Measurement of sin?0'.s and Arg(y,m) (Aleko Khukhunaishvili) £z o

Key electroweak parameters: My, and sin20'.«
can be calculated in SM using other precise experimental inputs: 7 :
sin20'.; = 0.23155 +£0.00004 (SM) B R

Two most precise sin20'. results from LEP and SLD differ by ~ 3o

4 N @ »d 00O N 0O ©
L A A L T
|

OO
]
(0]
-
-
0]
N
N
0]
(4]

<10° . . 59 fb™’ (2|01 8, 13 TeV)

s *°Fcms
Measurements at hadron colliders are now also competitive : g Fretiminary
- Use Z/y—ll events (Drell-Yan) s -
_ Asymmetry in lepton decay angle . LEP + SLD: AJY B —.— | 023221+ 000020 10—
]_—|—cos2 0—{—0.5A0(1 —3cos? 9) + Ay cosO SLD:A, I D _ 0.23098 = 000026 o .
CDF 2 TeV — 0.23221 + 0.00046 o ZE pomvar-— i
= — — 1.
— AFB o 3/8A4 D0 2 TeV —— 0.23095 + 0.00040 tETS 51E ------
e — -.(_U' 0.5
ATLAS 7 TeV L 0.23080 = 0.00120 = .
- Four Wl channels : uu, ee, eg,eh L i 1 o 55
LHCb 748 TeV —_—————— 0.23142 = 0.00106
p — muon: |n| < 2.40 CMS 8 TeV B et | 023101+ 0.00053
e — central electron: |n| < 2.50 ATLASBTEV | —en | 0.28140= 0.00036
. Preliminary T N | — x10° .
g — EF electron: 2.50 < [n| < 2.87 CMS 13 TeV —— 0.23157 = 0.00031 S - CMS
h — HF electron: 3.14 < |n| < 4.36 e 028 025 0281 0202 0238 0234 2 15°;Prehmmary
SInzeleff L% 100;
of
sin 8¢ = 0.23157 4 0.00010(stat) 4 0.00015(syst) + 0.00009(theo) + 0.00027 (pdf) )
[0}
. LED 1.2F y: -
sin“ 0 5 = 0.23157 £ 0.00031 PR ot P, et ]
—> precision comparable to LEP and SLD results o osp - " . E



ATLAS Wildcard

NEW: Test of Lepton Flavour Universalty (LFU) in W boson decays (u, €)
(Andrea Knue)

- Use tt—=bWbW events
- 3 analysis regions : opposite flavour tt, same flavour tt, same flavour Z
- Reduce as much as possible the systematics — derive dedicated scale factors and weights

pu/e _ BWW = pvy) RMS = RY/°(ATLAS) = R“S (ATLAS) - 1/ R/ (LEP+SLD)
w pup/ee
B(W % eye) RZ / I T T T I T T T I T T T I T T T I T T T I T
ATLAS '
Largest systematics for Ry, : PDF, fake leptons, lepton un- 'e—E_PZWW 183207 Gov | s
_WW, V5183
certainties and Z modelling ATLAS :
—_—0—
pp—W, Vs=7 TeV, 4.6 fb”’ :
LHCb L N
RM/°(ATLAS) = 0.9995 - 0.0022 (stat.) & 0.0036 (syst.) £ 0.0014 (LEP+SLD) pp—>W, Vs=8 TeV, 21b ,
CMS ) B
— agrees with assumption of lepton-flavour universality! pp—tt, Vs=13 TeV, 36 fb 5
PDG average '—"—'
Relative uncertainty of 0.45% |- A TLASth ................. |t .......................................................... o
. . I ' @ .
Most precise single measurement to date! ppoti, V§(=1I38Tee\/s,l14%) b’ :
also more precise than previous PDG average 092 094 096 098 T 702

B(W—>pv)/B(W—ev)



New : EW results in two photon collisions

(Cécile Caillol) ¥ * 2 back-to-back objects p* p*
* No hadronic activity close to the
- LHC s also a photon collider! di-W/t vertex
- Measurement of yy >WW (ATLAS) , @ “ Ny = 0
and yy—1t (CMS) pt pt

- Ntrack=0 challenge: from Pile-up, correct for proton dissociation

CMS Preliminary 138 ™" (13 Tev)

CMS Preliminary 138 fb! (13 TeV)
» 2500 _—+—Ob s d]:i Z/l Y’l T ||:|Z/Y* I / T ®* Observed —68% CL —95% CL
E : serve —TT —> e ,J.u _ M M _’ M T T T T T T T T T |E T T T T T
3 - CJExcl bkg. BV + et mis-ID First opser\{atlon of yy—tzin o Y
L 2000 —[@yy -t  []Uncertainty ultraperipherical pp collisions PLB 431 (1996) 168
[ § T Beem 5.30 observed, 6.50 expected
1500 1 9f |§e oos ko, . L3 i
i ‘% ok + 4 PLB 434 (1998) 169
r> ) ¢ I e :
r .. _ er - ) .o 5
1000¢ , Modifying the 7 g-2 modifies DELPHI
soof the yy—1t cross section and EPJC 95 (200¢) 159
C modifies the pr and mass ATLAS PbsPb .
s distributions of the signal i eoe) tereee
3 1'1 L - CMS Pb+Pb .
L ’ * + ' PRL 131 (2023) 151803 :
;5 1 F + + + t 4 t t- :
8 0.9 . ‘ This result -
0.80 2I 4‘ é é 10 Dlrac SChWinger SM Il 1 1 1 | 1 Il 1 1 |E 1 1 1 1 I 1
NEW a, = a.=0.00116 a,=0.00118 -0.1 -0.05 0 18 0.05

CMS-PAS-SMP-23-005 Ntracks a



Top quark
measurements

Djamel Boumediene

Sebastien Wuchterl



Measurement of the top quark properties
(Sebastian Wuchterl)

- tt cross section at 13.6 TeV

- Top quark mass : new ATLAS/CMS combination :
172.52 + 0.33 (+ 0.14 + 0.30)

dominant syst : b-jet energy scale
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Measurement of the top quark properties
(Sebastian Wuchterl)

- ATLAS observation of quantum entanglement in tt events
Cross section dependent on decay-lepton properties :

C: Spin correlations matrix
Criterium for entanglement:

D:ﬂ D = -3 - {cosyp)

1 do

Can be measured from pu m

2=

Entanglement marker

- CMS Wildcart (Alberto Bragagnolo)

New:

Combined signal model: tt + toponium (n)

Only spin-0 ntaccounted (colour singlet pseudo-
scalar state)

ntimproves data modelling in the threshold region

tr[C]+1<0

Phi : Angle between leptons
in tt restframe
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Top associated production in ATLAS/CMS

(Djamel Boumediene)

- Probing top quark coupling for understanding EWSB

and searching for new physics

- Sensitive to a wide range of EFT operators

- Increasing precision

- New CMS ttZ, tWZ, tZq production

Leptonic signature 3l with a Z mass resonance
DNN 3 categories : ttZ+tW/Z, tZq, and background
Simultaneous measurement of ttZ and tWZ production cross section

Small tension with SM

- New ATLAS tty production

In agreement with SM
Differential cross-sections
measured for several variables

Oty production = 32275 fb = 322 + 5 (stat) + 15(syst) fb.

NLO MG5: 29923 (scale)*’ (PDF) fb
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Data / Pred.
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Experimental overview of EFT in ATLAS/CMS 4
(Mark Owen)

Direct
production  SMEFT

1
A Z smeFT = gSM"'FZCi@i
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- EFT limits produced from a diverse range of analyses : - Both strategies of fitting directly reconstructed
CMS yy > tT, ATLAS W#W=jj , ATLAS hh = bbyy,, level data vs fitting measured cross-section have

ATLAS ttZ + tty, CMS tt + leptons been deployed o



ATLAS Wildcard

New: Search for new spin-0 resonances in X = SH — bbyy

(Christophe Clément)

- Phenomenology arises in many BSM models

- 2tight photons and 1 or 2 b-tagged jet(s)
Main bg : yy+jets and ttH, ZH, (ggF) H

Use a parameterised Neural Network (PNN),

Side-bands are used as control regions:

m(yy) € [105,120] U [130,160] GeV

Largest excess at (my,ms)=(575,200) GeV

Local (global) significance of 3.5 (2.0) standard deviations

Limits are seton a(X—=*SH—byy) :

ATLAS Preliminary

Vs =13 TeV, 140 fb~'

X — SH — bbyy

95% CL observed upper limit

my [GeV]

BR(X — SH — bbyy) [fb]

mg [GeV]

o(pp = X) x

ATLAS Preliminary
Vs =13 TeV, 140 fb~"
X — SH — bbyy
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<b 2 b-tagged signal region "resolved S-> bb"
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o(pp — X) x BR(X — SH — bbyy) [fb]

(X, S) mass plane : define a boosted region
and a resolved region
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ATLAS/CMS (quick) cross check :

m, [GeV]

1 b-tagged signal region
"merged S bb"

- At (my,mg)=(650,90) GeV where CMS reported an excess,
ATLAS observes good agreement with the background-only

hypothesis (pgy > 0.5)

- At (my,mg)=(575,200) GeV : no CMS excess at these

Masses
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Search for VLQ, HNL, LLP in ATLAS/CMS (Sergio Grancagnolo)
Other exotic searches by CMS (Francesco Santanastasio)
Other exotic searches by ATLAS (Ellis Kay)
In all these analyses : we have not found evidence for new

A physics
4 — “We unfortunately did not detect BSM physics...
: = = : but not for lack of trying”
| BY WEme "‘::.“.,;.:: f;ﬂ.; if CE

ATLAS Long-lived Particle Searches* - 95% CL

Status:
Model Signature  [£dt [7'] Lifetim
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Search for VLQ, HNL, LLP in ATLAS/CMS (Sergio Grancagnolo)
Other exotic searches by CMS (Francesco Santanastasio)
Other exotic searches by ATLAS (Ellis Kay)

In all these analyses : we have not found evidence for new
physics

ong-lived Particle Searches* - 95% CL

Signature

o)

Looking at the wrong place ?
Need new ideas

An example — “Anomaly detection”
Novel analysis strategy :
Use deep learning to learn (train) directly from data

Lifetim
T

susy

Do not rely on signal models, nor on SM simulations

Higgs BR = 10%
T 335z

mmmmm
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Anomalous jet

Model independent searches at the LHC (Jennifer Ngadiuba)

Many new ideas that make use of deep learning to learn
directly from data how the standard model looks like
— eliminate signal priors

and search for anything anomalous wrt standard model
This approach is called: Focus on large-radius boosted jets
Anomaly detection

Anomalous jet

CMS Preliminary 138fb~" (13 TeV)
MC only studies o | Limits on A -BC, m(A) = 5 TeV ]
o 10°F § Expected 10 # » VAE-QR E
c Observed # » CWola Hunting
d | ) r ' 2 lecti 2 10* ¥ » Inclusive B x TNT
4 new ideas! ERLRS SN — A x 14— 4-prong selectio € § = 2-prong (Te1, Mso) # x CATHODE
Some t d a S .\.\ + 41— inclusive search = e e CaTcoes
autoencoaers ; Lo ¢ N a2 o Dedicated Wk search, QUAK - General
8 searches LDA 103 W - BYB —bZ) AN Ly 3o ] §1O3j * PRD 106 (2022) E
c s -m- VAE-QR R, W i
-2 o sg; ntal ANODE ~ CWoLa Hunting \’A\. \'\i e 3 2
\. | ol
g o versus data) CWola 105+ Z:Luooe «\ . o 1% } E
o 8. SALAD -#- CATHODE-b 8 &\g : .
50 .
3’8 A \; &— 3-prong selection o1 iéi B ,ii*i 3
8 = Most Some searches 4+ QUAK: Model Specific ) AR B B iﬁ:ﬁ
Q g searches  (train data versus josf L e MBS ool 1007;;;;;’_{1;{' RN i
: . 132 <0. msp > e £ ™
o (train with background - Fdshs ) S
S simulations) simulation) B4l ]
10711* 3 - 4
> 3-prong signal 1 . 2 l
" i v v v £
signal model independence 4 4 =% -+ =% = 4= 22t i I l H N
Cross Section (fb) o | & Iwel | v dT" 14l T w o xlo_ 18 f'#,,,
I R AT IO
¥ 5 " > 1 L al
~ multivariate supervised search 00 VY o4q  WoBISBZl WeoWRS3W  YoHHS4t
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Signal Model

- Also: CMS: Bring anomaly detection to the trigger:
two anomaly detection autoencoders for the L1 Trigger on one FPGA 28
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Machine and luminosity :

CMS and ATLAS LHCb
Run1  2010-12 7-8TeV  30/fb Run 1 3/fb
Run2  2015-18 13TeV  160/fb Run2  6/fb
Run3  2022-25 13.6TeV (40+30 +...)/fb Run3  Upgradelof LHCb
Long shutdown
Long shutdown Major upgrade g
Run4 2029-32 of the Run 4
Run 5 2035-28 CMS/ATLAS Run5 Upgrade Il of LHCb
) Run 6
Run 6 2040-41 detectors
Belle@KEKB : 1999-2010 1/ab
Belle2@SuperKEK: run1(2019-22) 0.42/ab
run 2 ongoing
Belle Il Online luminosity Exp: 7-26 - All runs
BELLE & Belle I/
Integrated luminosity
i i B Recorded Daily
SISO 1Ll experlments T T ) e e—— | o t» T S L o .
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Results from LHCb

(Mark Smith)

e [PRL127 (2021) 15]

b—sll

[PRL 131 (2023) 05]

Penguin:

Pi, Arg etc

2/ i Small SM amplitude — excellent place to search for NP!
b S M\)
Box: Lepton Flavour  (Differential) BFs Angular analyses
Universality M
B(Hy—Futp~) I
B(Hp,—Fete™)
b S

multifarious possibilities

K™, KO, K**, K*©,

none

[PRL 131 (2023) 15]

' - % o]
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! i I

S

~ : 14 LHCb Rx  lowq =099470%
% 14F LHCb —%- LHCb o™ 9fbL Ry contralg? = 0.949109% _ .
: i LHCh 31! Ry low-¢* = 0.927709% L07 LHCb -
5 12 SM (LCSR+Lattice) 19k , L L -
< 10 SM (LCSR) R contral-g” = 1.027 gz 3 o ; 9 fb
s E SM (Lattice) b - = i
'8‘ L ,g —/
= 8K E LOfF 47 3 =+
T, o o e ] I ﬂ* Tl |
E E _- 3 —+ Du
2 F = i —— i x Dua
N | —= 0.8 S SM (LFQM)
1 Fod i fi I Dat Z [ smvrQw) i
. 2F - = ata X=16,p=0812,0 =02 < M (LQCD)
@’ £ ] 0.6F — SM J& SM (LQCD+DB)
0 1 1 . = -
3 % 5 10 15 g10™ 5 10 5
¢ [GeV¥c!] Ry low-g® Ry centralq® Rg-low-g? R centralg? £ 1GeV¥el]
15 ;
x10”°
20 LHCb
l‘ LHCb s —+ Data 9fb~ B
= ot ] SM from DHMV
1 0.5 77} SM from ASZB ]
=
]

-1

x107 _
. L 1.50

0 1

2

4

[PRL 126 (2021) 16]
Bt — K utp”

i

5 6

B@B)—uw)

10 15
¢ [GeV?/c']

¢, £3(1525), pk—, T

ete™,
phruT,
(rF77)

31



FFs FF's

LR / / 2 2mpMg B Ty 2 2 Mg 2
Results fromLHCb b —sll AR = Ny [(Co £ Co) F (Cro £ Co) [ Fa(@) + =32 [(G £ G) Fa(q?) — 167" —2 Ha(q7) ]
. b ~ 4 q —— Mp ~—~—
(Mark Smlth) WCs WCs non—local
E.g. fit for C§, assuming SM for other WCs: Ng I ' '
1.0 ~
0sh : 03y €8] Isit NP ? Could be due < | lo
“r EPJC 83 (2023) 648 . +
ool J s to long-distance charm i '
ot . 0
o loop : ) o v
R Lok . K O:Q J \)74__ -
i * Global Fit K % ~——""--"1"\ A4 | VvV T
-15
f ' c = ¥ -y narfow ¢¢ broad c¢ and
-201 b > > S irterference DD thresholds 3
-25: - o ABCDMN 23 0 ' % \ I' .. 1I()/l — 1I5 '
B — K¢ B— K"t B, — ¢l+0 Fit region 7 [GeV2/c*]
1 GRvVDYV UHEP 09 (2022) 133]
4.7 fb~' of data: Run 1+ 2016 ] DHMV JHER® 2010) 089
q> > 0 only

First unbinned amplitude analysis of B, = K*Ou+u- = ¢ < 0 constr.
(Complementary information to the previous binned analysis) + (Iél({)%’)glﬁg(lg
Determination from data of the non-local contribution with and without theory constraint

Model dependent analysis

Maximum sensitivity to non-local effects

In general, good agreement with binned results
Example for P’ : minimal difference between fit with or without constraint

= R E RS T W

Even with freedom of non-local component, the data prefers a shiftin Cqg from the SM 0025 5075 c,zl[(c)igvz/c};z's 32




Results from LHCb :CPV in beauty and charm

(Mark Williams)

- Time dependent CPV in B® decays : B angle

Full run 2 analysis

10° prr——
[ { Data
I LHCb — B JIp(optu)KS ]
L 6fb~! === B°9(28)(»ptu)KY |
—— B> Jhp(—eten)KS
104 | BY—yp(— 1)K E

Combinatorial bkg.
Partial bkg.
Total fit

103 k
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102 b L
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2 [/ 20 A

m($KY) MeV/e?

- Time dependent CPV in B%s decays : ¢s angle

AC’P(t)

10—
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+  BO-BO yield asymmetry
Total fit
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Time-dependent CPV parameters: C, S, Axr
asymmetry S =sin(28 + Agy + Ag"T)
Sykg =0.717+0.013 (stat) £ 0.008 (syst)
Cyrg =0.008 £0.012 (stat) & 0.003 (syst)
(WA : sin(2B)=0.699 £ 0.017)

A3

LHCb combination: ¢; = —0.031 £ 0.018 rad
on) Bs

4 P . LHCb
O(A%) soTs e 68% CL contours

O(\?)
0.13

Bo-y(2S)KK 3 fh~1

0.11
No evidence
for CP asymmetry

Al [ps~t

(BO~J/pKK 9 fh1

M OSt preCise q)S 0.07 Combined LHCb
measurement,

still stat. limited 0035 0.3 0.1 0.1 0.3
¢s [rad]



CMS Wildcard (Alberto Bragagnolo) — CP violation 1 f flavor oscillations

Precision measurement of CP violation in B, mesons eigenvalue k,
—1gs sin(¢,) sin(Amit)

acp(t) =

Dataset: L = 96 fb- collected in 2017-2018 cosh( AL.t) -1, cos(@,) sinh(3 AT. )
Measurement of the weak phase ¢,

Predicted by the SM to be ¢, = -2[3,
Bsdetermined by CKM global fits to be -2, =-37 £ 1 mrad

Schematic representation of a generic HLT JpsiTrkTrk event

PV

New physics can change the value of ¢, up to ~100% via new particles o—
I -
The golden channel B = J/{ $(1020) = p+p- K+K- oo o—
. b))
Time-, flavour and angular dependent measurement  sameside
N opposite side
Comparison with other LHC experiments -’ = D o cecron
b—u X
— 0.11
7 CMS Preliminary et charge
é 68.3% CL contours
L 0.10 SM no penguins BS - J/wK*K~ channels only
<

New flavour tagging framework (4 DNN-based algorithms)
0.09 C) Using the charge-based Same Side techniques

CMS 116.2 fb1

0.08 O LHCb 9 fb~?

0.07 0s = —74 £ 23 [mrad]

| 4y AT = 0.0780 + 0.0045 [ps 1]

ATLAS 99.7 fb~1

competitive results comparable to the most
e T D R [mrad) precise single measurements by LHCb 34
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%B(B — Hrv)

Results from LHCb :b 2 clv R(H ;) =
: . : (Hee) B(B — H{v)
(Julian Garcia Pardinas)
H=D,D*X,metc. £ =e,pu | = =
. . R(D*) = B - _ BO n*_
Ratio measurements provide stringent LFU tests: () i R
branching fractions, angular asymmetry, etc. | &
Normalization (|Vxb|) cancels
Part of theoretical, experimental uncertainties cancels et " K-, ”O’Z/K—
R(D*+) = 5oL wob i D b f+
_r —— B T——u 7
Measurement of R(D(*)+) :
First LHCb measurement using the D+ ground state,
with D+>K-m+m+, muonic-tau decay x10° , S
0.45 LHCb Preliminary

D*+>D+m%/y with not reconstructed m0/y gives also access to R(D*+) Ni 0.4
O

in the same visible final state K-m+m+pu- 8 035E
o 03F
2015-16 data sample: 2fb" = 025F
Simultaneous fit to four data samples : e % 02F
one signal region (D+ u-) = gég*frv § 0.15
+1pion sample, +2 pion sample, +1K sample B—D'X X "é 0.1
B B-D*uftv O 0.05
Comb + misID 0 5 10
B B—>D'uv ¢*[GeV?/c*]

B B3—=D*'uv 35



R(D*)

0.35

03

0.25

0.2

This result

[LHCb preliminary] [NEW!]
/ [HFLAV]

A

Moriond 2024 Ae"
4

1lell

" 7 68% CL tontours

LHCb*

Belle®

LHCH®

AV SM Prediction R(Dl =0.344 £0.026,,,
(D)=0.298 +0.004 R(D*) =0.285 = 0012,
P(y2) = 29%
1 I 1L 1L I I 1L L L 1 | L L L 1 I 1L 1

*)=0254 +0.005 p=-0.39

World Average

2z |
\g Illllll

02 03 04 0.5
New World Average.
Tension with SM at the level of 3.17 ©.
Belle ll :

R(D) = 0.262 Lq 559 (stat) Toig55(syst)

Extract R(D*) using 2D fit on M?miss

and residual energy in the calorimeter E(ECL)

Results from BellellonLFUinb 2 c lv
(Lu Cao)

BELLEII dataset (189 fb-") with Hadronic Tagging Analysis
HTA : full event interpretation: higher purity, lower efficiency
than the inclusive tagging analysis (ITA)

Z(eorp)
[.-»v
D orZ(e,u) T -
n‘\'\ o=
B B .
TT/ \ / \D*/ slow
Y(4S)
Hadronic Tag Signal Side \D K
’(10%) decay chains : -
o+ -
e—).(—e D*+ —> DO]'[+
305_ Belle Il Preliminary D#*—Dz* —e— Data
S b [Ld=18931" B D*rv
8 o5F 15<M;,<60GeVct W D*1v
+ . E miss - D**I(t)v
D*" -» D%zt /D*n®: B~98% S 20f —
D*o =3 DOTZ'O: B~65% 3 15 [ Other BG
g ~ Fit uncertainty
_ o S 10
Eight D” modes: B~36%, S &
Three D* modes: B~12% .
) S ST ST
B Ofrwi e e
_2__||||||||||||||||||||||||||||||||||T||||
E(ECL) = residual energy in ECAL 002040608 1 12141618 2

ecL [GeV]



Run1 Belle2 dataset
World best result

Hadronic B decay at Belle and Belle Il
(Niharika Rout)

- Branching fraction of B+— D0 p+(770)
WA BF: (1.35 + 0.18)%; driven by an old CLEO measurement, with large (14 % )
uncertainty

Challenge: separate B > D%( > rm+m0) and non-resonant B > D°rr+m0 component

BB+ — D%™) = (0.939 £ 0.021 £ 0.050) %

- New hadronic decay measurements
First observation for 3 channels, and improved precision for others:

Candidates per 10 MeV

180 _ Bel.le I! ¢ Data
e Preliminary — Fit result
s [ signal
140 {7777 Self-cross-feed
120 F I BB background
100 |
0.55 < cosé, <0.70
80 ’
60

40
20

-0.15 -0.1 -0.05 O 005 0.1 0.15 0.2
AE [GeV]

Difference between the expected
and the observed B energy

Channel

Yield (K9 / K*0)

Average ¢ (K% / K*°)

B [10-4]

1.82+0.16 £ 0.08 3 X higher precision

First observation

3 X higher precision

B~ — D'K-K}Y 209 + 17 0.098

B’ —» DYK~K} 105 + 14 0.048 0.82 4 0.12 + 0.05
B~ — D*K~ K}, 51+9 0.044 1.47+0.27£0.10
B’ -5 D**K~ K} 36 +£7 0.046 0.91 4+ 0.19 4+ 0.05 J
B~ — D°K-K*0 325+ 19 0.043 7.1940.45 4+ 0.33
B - DYK-K* 385 + 22 0.021 7.56 & 0.45 £ 0.38
B~ — DK~ K*0 160 £ 15 0.019 11.93+1.14 £ 0.93
B — D**K~-K*® 193+ 14 0.020 13.124+1.21 +0.71
B~ — D°D; 144+12 / 153 £13 0.04 / 0.09 95+6+5

B° - DtD; 145+ 12 / 159 £13 0.02 / 0.05 89+5+5

B~ — D*°D; 30+6/29+7 0.02 / 0.04 65+ 10+ 6

B° — D**D7 434+7/37+7 0.02 / 0.04 83+10+6

World’s best

37



Charm physics at Belle and Belle Il
(Giulia Casarosa) - new results

- Study of rare FCNC decay D0 — hh'e+e-
signal observed in DO = Kmre+e—, in the p/w region
measured BR=(39.6 +4.5+2.9)x107[11.80]
No signal observed in the other regions & channels

- Study of =c — =0h0, h0 =n% n, n' decays
Selection of signhal candidates with e~0(1%),
Reference mode: zc > =—mr+

Simultaneous fit to Belle and Belle |l

B(EY — 29%7%) = (6.9 £ 0.3(stat.) + 0.5(syst.) + 1.5(norm.)) x 1072
— E%) = (1.6 £ 0.2(stat.) + 0.2(syst.) + 0.4(norm.)) x 107>
B(EY - %) = (1.2 £ 0.3(stat.) £ 0.1(syst.) + 0.3(norm.)) x 1072

Results rule out several theoretical approaches
proposed to deal with non-factorizable amplitudes

Pull  Events/(5 MeV/c?)

Pull  Events/(5 MeV/c?)

60

Belle |Ldt=9421fb"

PRELIMINARY

—— Data

— Fit

........ Signa|

- Background

55_ 0 - -

50— D" 5K n*te*e

45 m,, (675, 875)

40—

35—

30—

25+

20—

15— 4
10— 4
S 4 ,,,,,,,

R SR T S O
08 182 1.84 1.86
Belle |l
| Belle ll, 426 fb™ PRELIMINARY

-
o
o

feu)
o

hon O
T

2.4 2.5
M(E%0) [GeV/c?]

2.6

B
o

[ Belle Il, 426 fb"

PRELIMINARY

RV ORI S WRaz 0]
88 19 192
m[Kniee] GeV/c2

reference mode B, —» E~x*

PRELIMINARY
BELLE

| -e- Data

- = Total Fit
4000 -~ .... Background
i = sideband

Events/(3 MeV/c?)

0
R - = |
A,

2.4 2.457 2.5
M(Ex) [GeV/c?
- PRELIMINARY Belle I

2000

1000

Events/(3 MeV/c?)

Pull
ST T T T T T T

245 25
M(Ex*) [GeV/c?]



Radiative and electroweak penguin results from Belle and Belle Il

(Pablo Goldenzweig)

- Evidence for B* = K*vv

FCNC transition with precise SM
prediction:

BR(B* > K*w) =(5.58 £0.37) x 107
Analysis : ITA (Inclusive) and HTA
(hadronic ) tagging analysis

- Study of B0 — yy

Very rare decay with Bsy=(1.4 +1.4-0.8) 108
Highly CKM suppressed relative to B, — yy
Challenging yy final state : large background

Dominant bg from ee = qq

Event shape variable used in a BDT for discrimination

Signal with 2.50 significance

NP Scenarios

ol R N

N

S

S
wt
SM Average m
0.497 + 0.037 ‘\,IH»(].] B
1 BY-5 1 e ;
HTA : | Dol I1 (362 B . oombined) Light:
In agreement with all : ] ) L ) « Axions PRD 102, 015023 (2020)
previous measurements o Belle 11 (362ﬂ) , hadromc) « ALPs JHEP 04, 131 (2023)
1 11411 This analysis. preliminary - Dark Scalars PRD 101, 095006 (2020)
e : : o Belle II (362 fb!, inclusive)
. 1 2.7+0.7 This analysis, preliminary Z/
v : Belle II (63 fb!, inclusive) W+
ITA : 19415 PRLI27, 181802
1.80 tension with Belle -[» i @+ Belle (711 fb!, semileptonic) m
1 1.0+0.6 PRDY6, 091101 l_)
: ! PY Belle (711 fb"!, hadronic)
: 2.9+1.6 PRDS7, 111103 _
2.30 tension with BaBar -|» _...-_. ! BaBar (418 fb!, semileptonic) v v
E : 0.24+0.8 PRDS82, 112002 ¢
. 1 -1 N 1
V| —— BaBar (429 fb!, hadronic - _
: 1 15413 Pr(mzﬁ. 112005 ) b —<¢— S
N T I S NN S S A SO ST SR RTR—! Heavy:
0 2 4 6 8 10 » Z' PLB 821, 13607 (2021)
- Leptoquarks PRD 98, 055003 (2018)
2.70 deviation from the SM prediction
» No direct interaction b W VaVaVaVal 4
between the b and d quarks; q d
%0
» An effective FCNC is B Yyd
induced by a 1-loop or g a
penguin diagram. d < < Y
0 0
B(B” — vv) B(B” — v7v)
(at 90% CL)
Belle (5.415% +£0.5) x 1073 <99x10°°
Belle II (1.7+3740.3) x 1078 <74x1078
: 2.2 —
Combined (3.77%2240.7) x 1078

<6.4x1078




B physics in ATLAS and CMS
(Onda Kovanda)

- First ATLAS measurement : B%s— u+u- effective lifetime

Data from 2015-16, L=26.3 fb™'

Complementary to the B% — u+u- branching ratio

Use the dimuon invariant mass distr., proper decay time distribution
Measurement statically limited

- New CMS : Search for CP violation in D% — K% KO
2018 data (41/fb)

p = r(p® -» K¢ KQ) —T(D° - KJ K?)
T - K2 KQ) + T(D° - K2 K?)

Acp in signal measured relative to D? = K° r+m—
reference channel

> Yields obtained in a 2D fitto the D** and D° inv. mass

No significant CP violation observed in the pilot CMS
CP measurement inthe charm sector

CMS 2011-2016 —
LHCb 2011-2016

LHCb+CMS 2011-2016 ™
LHCb 2011-2018 ——

CMS 2016-2018

ATLAS
ATLAS 2015-2016| =e=— | {5=13 TeV, 26.3fb"

115 2 25 3 35 4
BJ—uu Effective Lifetime [ps]

D° > K9 K? D° > KJ K
CMS Preliminary 41.6fb" (13 TeV) CMS Preliminary 416" (13 TeV)
200 4 Data
— Fit

—Ex D~
150 | — D’ x bkg

Candidates / 0.1 MeV
Candidates / 0.1 MeV

0 0 =
2.006 2008 2.010 2012 3.014 2.01 2.006 2.008 2.010 2.012 _2.014 2.01¢
m(D’n*) [GeV] m(D°x) [GeV]

CMS Preliminary 41.6fb" (13 TeV) CMS Preliminary 416" (13 TeV)

n
a
o

4 Data
— Fit
—D°x D"

N

o

o
T

— D x bkg
---- bkg x bkg
---Ds x bkg

-
(o))
o

Candidates / 2 MeV
Candidates / 2 MeV

—_

o

o
T

(o))
o
T

o

“T80 185 190 19 ° 180 185 190 195
m(KS KQ) [GeV] m(KS KQ) [GeV]



Latest result from BESIII : charm hadron BF decay measurement (Peilian Liu)

At the BEPCII (beam energy from 1 to 2.5 GeV), BESIIl detector is operating since 2008

Hadronic tagging“of charmed hadrons

The largest charmed hadron data samples Pk Niao =

. P Tr H
collected near the mass threshold of charmed hadron pairs (D Dl
D°/D° 7.3
D+ — +V — P
J K Vu e = D* 4.6
@ T: - e?@ﬂ D+ 0.8
+ ™o Y, -
Ref L [fb~1] B[x1073] f,,;rlvcsl [MeV] Precision [%] (ei . +)\< ™ - p*; o S_
M T o outv, = .
PRLI22(2019)071802  3.2@4.18 GeV 549+016+0.15 246.2+3.6+3.5 21 A Ac/Ac 0.12
PRD104(2021)05200 6. 3@4. 18-4. 23GeV 535+ 0.13+0.16 243.1+£3.0+3.7 2.0
PRD108(2023)112001 7, 3@4.13-4.23GeV 5.294+0.11+0.09 241.8+2.5+2.2 1.4

With the input of hadronic form factor from LQCD — extract precise measurement of
the CKM matrix element [Vcsl at 1% precision level :

BESIII PRD92(2015)072012, K'e*v, 0.9624+0.0034+0.0062 ‘ 0.8% '
BESIII PRL122(2019)011804, K'u*v, 0.9572+0.0050+0.0057
——————— | |
BESIII 6.32 fb! PRD104(2021)052009, pv 0.9734+0.012+0.015 o
BESIII 7.33 fb™! PRD108(2023)112001, pv 0.968+0.010+0.009 -
BESIII Combined v 0.9831+0.0068+0.0080 1%
BESIII Combined ™v+ v 0.977440.0056+0.0072 " 0
| | | I | | | ‘ | | | | ‘
-1 0 1 41
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Neutrino flux

_ 7

"é 1_
> | NOVA

L (baseline) 295 km 810 km 2 f
Energy  0.6GeV 2 GeV 2l

(beam peak) el
Matter ~+9% ~+19%
effect*

CP effect* ~x30% -~ +25% ‘o‘.Minaukee

2 3 4
*calculated at beam peak energy T2K NOvA Ev (GeV) Tt
ichigan

NUM' at Fermilab ! ren;;.a., ,

==
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1000 m overburden

Latest results from Super Kamiokande (Andrew Santos)

Around 11 000 PMTs in inner detector with an oA AL A AR AL AR RARRRRRS
outer detector muon veto 00 Date e e E
Gadolinium-doped water since 2020 for 20 _MOal Ty E
easier neutron capture identification _ 200F (V. CC | 3
Running since 1996 (phases I-VII) :ij s0b [H' + 4o :
5 Ry : Inner
Study of atm v : 100F E Detector
Fully-contained (expanded fiducial volume) 50| g
e-like vs p-like (event topology) O-i' 050604 02 0 02 04 06 08 ':1
New neutron tagging (v vs anti-v interactions) V.-V, BDT Score
New BDT for enhanced v sample from anti-v
e B YA IR 40 m
32 t__ "N"g‘f,‘,isz’(“)"g'{}' S E by — Data fit [ Inverted - .
R 3_05_ #---TK2023 _ 12F ... MC expectation [l Normal Cgmpetltlve megsurements (especially 0,3)
:% - ﬂ:‘sfﬁp‘;‘e‘r%f ] with other experiments
;’z Best-fit 8.p : preferring §.p = —1/2 is maximal
K CP violation
Favour normal hierarchy at around 20
+ Combination with T2K

035 04 045 05 055 0.6 0.65
sin’e,,




Latest results from T2K experiment
(Phill Lichfield)

In 2020 : end of run10
From 2021-2023 : upgrades (beam power, ND80)
Feb 2024 : data taking

T2K (v beam) and SK (v atm) combination :
(December 2023)

MSW resonance changes mixing for high energy neutrinos:

~13 GeV (crust); ~2.5 GeV (core)
SK helps in breaking T2K’s MO - 6 -p degeneracies
Construct full correlation for joint analysis

SK + T2K preliminary
T T T T

o, 30 N BLELEE AL ELELELELE B AL g - ]
< - _
- —SK+T2k S N —
25 — 12K — CP .Conser
- —— SK(+ND) ] vation
20 +— Normal ordering — .
[ e Inverted ordering _ d I SfaVO u red
= 4 by ‘about’ 20
10 =
5 X
0

Antineutrino mode e-like candidates

T T T I T T T I T T .\\I I T T T T T T I ]
e - E
2F .. =
- LS ]
201 o —
- Do oS .
18 I e e i
L — sin’0,, = 0.45,0.50,0.55, u_n‘ﬁr@/?e;'.. 7
16 — Am3, =251x107 eV? e, N i
E o Am, = —247x107 eV? T S P -
C 0 8g=n e’ .
14— w 5,=+m2 —
T 0O 0,=0 4
12 @ 8.=-n2 ]
- 68% syst err. at best-fit ]
10 v Bestit ]
[ o Dua (8% satem) T2K Run 1-10, 2022 preliminary ]
| 1 | | 1 1 1 | | 1 1 I | | | | 1 1 1 | ]
%0 40 60 80 100 120
) Neutrino mode e-like candidates
T2K posterior
probability  Find §cp = —0.63%333 7
Am3, >0 0.80
Am? <0 0.20 .

Upgrade ND8O: =

replacement BN
of the high-angle - T ++
tracker sa . O

true cos 6

Run up to 2028 (when HK starts)



NOVA and T2K joint results
(Mayly Sanchez)

- Lot of work (cross-checks) to combine NOVA and T2K results

The experiments have different v energy, v interactions, matter effect ...
Different analyses approaches
In particular : matter effects modify the energy spectrum depending on the NMO

and v versus anti-v

Effect is larger for longer baseline

NOvA

T2K

Normal mass ordering

Ve 82

Ve 33
211
105

94 (v,
14 (v.1n)

16
318
137

| NOvA+T2K —— 2.420°09% 1% |
T2K —— 248 +0.05 2.0%
NOvA —— 2.39 005 21%
MINOS+ ———— 2.40 T30 35%
SuperK+T2K —— 2.51170080 2.4%
IceCube — 241 007 2.9%
SuperK —_—— 2.40 097 3.3%
Daya Bay nGd —— 2.466+0.060 2.4%
RENO nGd —_—— 2.69 012 4.5%
RENO nH ° 2.48 0B 12.1%
22 23 24 25 26 27 28 29
|Am2,|, 1073 ¢V2
Inverted mass ordering
| NOvA+T2K —o— 247720085 14% |
T2K —— 2.53 005 2.0%
NOvA —— 244 +005  2.0%
MINOS+ —— 2.45 F300 31%
SuperK+T2K —— 2.48470080 2.4%
IceCube —— 241 007 2.9%
SuperK —_—— 2.40 3% 3.8%
Daya Bay nGd —— 2.571+0.060 2.3%
RENO nGd —e——— 279 012 43%
RENO nH ° 2.58 1038 11.6%

22 23 24 25 26 27 28
|Am3,|, 107 eV?

2.9

Total events - antineutrino beam

N
o

NOVA Preliminary
Romed T
| 13.60x10%° POT-equiv (v)

- 12.50x10% POT (v)

By (4] [¢)]
o o o
T | T T T T |
'/
C
%
|

w
o
L L

o
o 8gp= /2 T
% 2020 best fit

| ° dcp=0

:DI dcp=m ™ O p= (|3n/2 | ‘ I
20 40 60 80 100 120

Total events - neutrino beam

The joint analysis
shows a strong
constraint on
|Am?232 |



NOvA and T2K joint results
(Mayly Sanchez)

™
Al
N®
=
()
0.4 .
[ T2K,EPJC2023: = BF — =<90%CL --- =68% CL]
5 3:_ NovA: + BF | | <eo%cL [[] <68% cL]
Tk | T T S T | T T R
o D e T
0.7 Inverted Ordering 7
0.6 -
N v |
lan) B / i
N - —]
£ 05 ]
(7] B ]
0.4 =
[ T2K, EPJ C 2023: — <90%CL -+ =68% CL]
- NOVA: <90% CL [[] <68% CLT
0.3 A = =
- s i3 m
2 2

6CP

Fitter: ARIA
B Invlerted'MO ' B ' ' N(')rmalTMO‘
— ] NOVA+T2K —
- ——— NOVA Only

- ——— T2K Only

| — I I — | I I | | |

LI I L | T T I LI |
LI I 1T | LI I I

g, N

| — | I — | I | |

-2.6 2.5 —2. —2.3
Am3,x107eV?

Including the Am?;, constraint
from the Daya Bay experiment
reverses the preference backto
NO

The v mass ordering remains
inconclusive

Areutw1[old MZL-VAON

— Need more data

T2K measurements isolate the impact of CP violation whereas NOVA
has more mass ordering sensitivity

Fitter: MaCh3 post-BANFF IN()In—lcolndliti(,)nalll

/(.Ill’,U[‘LLI[[S.Id MZL-VAON

>, 0.04} Bayesian Cred. Int. ~ ' = ]
a With reactor constraint == RBoth MO —10
g 003 =Inverted MO --20
o] - nverte o ]
g 0.02fF =Normal MO ---30
-;: : :
o -
% 0.01F ]
O & -
~ —_—— , — M’Irrrr?
Both MO [F===—- -+ | =

Inverted | t----F---_—_———=-- |
Normal _—--.-_{I ............... - - | | i - -FEE =5
o LS | S (N T T

2 2
6CP

Ocp =T/2 lies outside 3o
interval for both mass

orderings

CP conserving values for the
|O fall outside the 30 range



Searching for OVB[ in the Cuore experiment Beyond Standard Model process (_AL =2)
(Irene Nutini) - New results (A,2) — (A, Z +2) + 2

. T1/2 22-26
CUORE : Cryogenic Underground Observatory for Rare Events Not yet observed: T, 55> 107 yr
Cryogenic experiment at tonne-scale,

utilising oxide of tellurium TeO, thermal detectors operated at ~10 mK
Located at Laboratori Nazionali del Gran Sasso

OvBp

A
7X

Challenges:

- low temperature and low vibrations over time for about 1000 detectors 2vBB
- low background

Results today based on data taken from 2017-2023, for 2039 kg.yr TeO,

Reference 208T| gamma peak at 2615 keV from calibration data oo e R - 10Y
osf- HPGe resolution
" 0.7;—
S s
102 Il Base cuts Blinded physics spectrum CUORE Preliminary 2 o0sE-
Bl Base cuts + AC (2 tonne yr exposure) 2 ouE
Base cuts + AC + PSD < E
—_ 210p 0.3
=10 02b
;'fé’ = T |Iﬁlv“, oif
I> [ 232, :JTh+ 0Il|\llll|||||| i
-gd) 1 E? t ™ I|>2°Ra I 22p0 ’ o2 (Sur(r)'l:ned B Enoe?gy)/QBB o8 1
[22] — ! 238 | 224
S | b Y I
L | S el i
= I
: ol - Ny (Qeo = 2527.51 keV)
102 == : e e e

Energy (keV)



Searching for OV[3[3 in the Cuore experiment

(Irene Nutini)

o 200
g N —— Energy Spectrum
S 180 v e i Best Fit
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Faser experiment
(Akitaka Ariga) — New results

Forward search experiment at the LHC

Targets long-lived BSM particles (e.g. A’, ALPs) and SMv
Located 480 m downstream of ATLAS interaction point

p-p collision at

LHC-FASER is taking data in LHC Run 3, ~70 fb- collected, Run4 is approved

- Neutrino studies : Emulsion/tungsten neutrino detector
Measure neutrino cross sections at unexplored TeV energies, constrain hadron production at pp collisions
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- Axion-like Particles (ALPs) search results
Signal: a > yy appearing from ‘nothing’ with ~TeV of energy

- Have also performed a dark photon search
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Search for New Physics in lceCube

2 _ . 2 P
(John Hardin) =AML S S 1e 1.02
0.9§
Search for sterile neutrino : — 0.8
. . . . - Q
The sterile portion does not interact in the earth. ‘ 7 without 07
Different matter potential for sterile and non-sterile neutrinos pu—— detelctt_or ‘8-2%
resoiution 10.
Produces a resonant term. -
=>» Matter effect : large disappearance of upgoing anti-v N o
o5
Sensitivity (99% CL): ] B
= = = a =
Median 0.6 3.4 0.2 0.0 =
12 & e horizontal
10.0} :
- This result (10.7y):
T *  Best Fit (p-value=3.1%)
2, «sees 90% CL
~% 10 S
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Previous results (90% C.L.): - sin2(2924) =0.16
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Results from LUX-ZEPLIN (Greg Rischbieter)

and

Results from PANDAX (Ning Zhou)

WIMP direct detection with a Dual Phase TPC - Measures the Scintillation (S1) and lonization (S2) response
Precise E measurement — 3D position reconstruction — Discrimination btw nuclear recoil and electron recoil signals
Xenon target
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Recap:
limits on DM-nucleon scattering (Sl) :
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—— LZ sensitivity (1000 livedays)
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Recoil (ER)
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e 1.7 2022

10—43 (90% CL one-sided)
] 10 expected

+20 expected

Nuclear Recoil (NR)

Arbitrary Detector Response Simulated
with NEST

>99% ER,NR Discrimination at 50% Signal
. Acceptance
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-Data collected between
Dec. 2021-May 2022 L —
-5.5 £ 0.2 tonnes fiducial volume WIMP mass [GeV/c?]
Reach : 9.2x1048 cm?2

New results: searches beyong Spin-independent WIMPS:

Residual weak EM properties: coupling with photons
(millicharged, charge radius, ... UV complete models

Dark Matter

-Commissioning
started from Nov/2020
(95 days) -

-Sensitive volume: 3.7
tonnes Xenon

Reach : 3.8x1047cm?

Non-Relativistic Effective Field Theory



Intense sessions with an
impressive number of new results

and interesting discussions !
Very high quality of talks
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