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CMS data

Run 3 is a game changer

LHC HL-LHC
0.5 ab-' recorded a new paradigm

CMS ~ 210.7Tev, 45006
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5 — 2022, 136 TeV, 415 10" analyses, and theory
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‘ Run 3: data unprecedented in size, energy, quality, and physics reach

DESY. Andreas B. Meyer
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The ATLAS experiment.

New for Run 3 (2022-2026):

% Muon New Small Wheel (reduce trigger
fakes)

w LAr calorimeter electronics with higher
granularity for trigger

% L1 endcap muon and calorimeter triggers

[CERN]

General-purpose detector with excellent reconstruction, identification and energy/momentum resolution for
electrons, photons, muons, taus, and jets, as well as excellent flavor-tagging capabilities

w y energy calibration to 0.2% at 60 GeV, e* energy calibration to 0.05% at 45 GeV
w M* momentum calibration to 0.1-0.05%

w jet energy calibration to 1% above 60 GeV
w T energy calibration to ~1%



Run 3 harvest

Recorded data in Run 3 400 ‘[—“—u“m“‘s‘d‘a'ﬁ el ‘resf‘“f I
™ 332fb_, of pp collision data at 13.6 TeV (b =64) & o ATLAS OnineLuminosty 5= 136TeV =
2 300; [ LHC Delivered: 351 fb* £
» High recording (94.6%) and good-for-physics (94%) € | [[JATLAS Recorded: 332 fb" E
ici 3 250 ood for sics: ¥ -
« RURS"M7 o~ pp collision data at 13 TeV 3 . F (5 ood for Physics: 12 0 E
% Adiverse set of ion collision data (Vs__ = 5.36 TeV) 2 sk E
NN < C ul
* 9nb~* Pb+Pb (~ 4x Run 2) g 100 E
« 465pb~* p+p T sb 3
» 8nb~1 O+0 o
* 1nb~* Ne+Ne Jul'22 Jan'23 Jul'23 Jan '24 Jul'24 Dec '24 Jul '25 Dec 25

Month in Year

« 11nb_, p+tO (VS = 9.62TeV)

pp collision data includes
1.26 fb~* of low-p data,
levelled at < p > =3 for
precision measurements
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Probing the Standard Model of particle physics.

: . Status: July 2026
Standard Model Production Cross Section Measurements

ey

T 1on b ATLAS Preliminary Theory
o % ‘az Vs = 57813136 Tev o e
10° pv%’&:miv ﬂc”%gﬁ ot
e LHC pp Vs =8 TeV Extremely successful in describing
1o WL Doz collider-based measurements
LHC pp 's =7 TeV .
10° " op 4345 over many orders of magnitude
LHC s=5TeV
102 || pp: ta 0.03 -
10!
iﬂ e Probing the SM broadly and
10-1 :“ a deeply across all its sectors
1072 - ’g:%: '
wwy 8 o’
10-3 i I bl ) ;;z
PP jets V¥ w z (7( t w H Hii VH t’tV lilN LS w W My W
- w | e i . BET

[SM summary plots] 6
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There is a lot we do not yet understand.

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

Status: Spring 2026

ATLAS Preliminary
V5 =13,13.6 TeV
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Characterization of the Higgs boson.

Most detailed and precise measurements of Higgs
production, decays, and couplings from combination of 26
Run 2 single and di-Higgs analyses from ATLAS

% Couplings to W, Z, t, b,T measured to 5-12%

% Charm coupling constrained to |x¢| < 4.1 at 95% CL

% B(H — inv) < 12% at 95% CL

Higgs boson width T'yy = 3.6*2¢ MeV

Self-coupling constrained to -1.5 < x, < 6.5 at 95%
CL based on single and di-Higgs analyses

Includes also differential measurements for the main
production processes

[CERN-EP-2026-228] =_[LLDS.//AIXIV.OLE/DUILLOVO.U /004
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New for ICHEP
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Force carriers
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~#
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- SM prediction
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Characterization of the Higgs boson.

Most detailed and precise measurements of Higgs
production, decays, and couplings from combination of 26
Run 2 single and di-Higgs analyses from ATLAS

% Couplings to W, Z, t, b,T measured to 5-12%

% Charm coupling constrained to |x¢| < 4.1 at 95% CL

% B(H — inv) < 12% at 95% CL

% Higgs boson width T'y = 3.672¢ MeV

% Self-coupling constrained to -1.5 < x, < 6.5 at 95%
CL based on single and di-Higgs analyses

% Includes also differential measurements for the main
production processes

CERN-EP-2026-228]

New for ICHEP

- This analysis
Nature 607 52 (2022)

ATLAS
Vs=13TeV, 126 - 140 fb'
K, free floating

4 5
Expected uncertainty
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- New for ICHEP

Search for di-Higgs: HH — bbrr.

Probe of Higgs self-coupling: crucial to understand the nature of the
EW phase transition and the stability of the EW vacuum
Joint analysis of Run 2 + 2022+2023:

W Signal strength p I 2.6, 440

W Significance 2.6 ¢ obs. (1.2 0 exp.)

w Sensitivity close to Run 2 ATLAS+CMS combined result

(1.3 0 exp.)
PR I < e,
~0.36 —0.48

Most sensitive H H search thanks to several improvements
w Addition of Run 3 data (2022+2023) (15%)

W |mproved flavor tagging (10%)
W Improved classification strategy based on transformers (15-20%)

arXiv:2607.26879)
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https://indico.cern.ch/event/1522800/contributions/6987254/attachments/3322690/5949248/

GabrieleDAnniballe ICHEP2026-15.pdf

Nature 607 41-47 (2022)

Review “The Higgs boson turns ten”
58 An alternative

Double-Higgs production is a direct probe of Higgs boson self-coupling A potential

e directly related to the shape of Higgs boson potential after the

electroweak symmetry breaking

m:?: 2 3
V(H)=Vo+7H + AVH’ +

e important consequences on our comprehension of early

cosmological eras

e in the SM, two main contributions:

9 8992000200090 - H 9

"

GGF: 04 =31 (34) b @ 13 (13.6) TeV

Gabriele D’Anniballe, ICHEP 2026, 31/07/2026
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Multivariate strategy

SR Preselection
Transformer MVA (one per channel)

Multiclass
PggF» Pvrs PB> PBsm

Categorisation score
—_ Pur
Pygr + Pver

cat

SR VBF I

SR Hi

da/dmyy [fb/GeV]

Review in Physics (2020) 100045
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0.1t
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box
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arXiv:2607.12879]
Boson polarization: inclusive ZZ and VBS WZ.  NewforlCHEP | o

Gauge boson longitudinal polarization closely related to EW symmetry breaking

Goldstone equivalence theorem: at high energy scale

Goldstone bosons «> longitudinal polarization Vector-boson scattering unitarized by Higgs couplings
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Testing the strong sector of the SM
Observation of B*.
B¢ 1P and 2S states observed at LHC

Bc* challenging

% small mass splitting (~50-70 MeV)
% B* — By with very softy
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Quark-gluon-plasma in light ion collisions?

Formation of quark-gluon-plasma established in heavy ion collisions

Direct probe: parton energy loss — in dijets: different path length in
first seen in Pb+Pb in 2010)

medium leads to momentum imbalance

How about lighter ions?
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X 3

W Systematically increasing modification with increasing centrality
W Significant modification (>5 0) out to 20-40% for O+O and 10-20% for Ne+Ne
Clear observation of parton energy loss in O+0O and Ne+Ne collisions

arXiv:2606.20463]
New June 2026
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A few selected other new results. [CERN-EP-2026.223)
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Towards the future: Upgrades for HL-LHC

HL-LHC data taking
scheduled to start in 2030

Aim to increase dataset to
{ 3000fb~?

Pileup 140-200

Detector upgrades to cope
with high occupancies and
harsh radiation

ATL-UPGRADE-PUB-2025-001
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Towards the future: Upgrades for HL-LHC.

Improved muon coverage

Inner barrel: new RPC and sMDT detectors
- Better trigger efficiency and reduced fakes
Improved forward (TGC) coverage

Luminosity detectors and | N}. =—

beam conditions monitors
New LUCID for %-level lumi —
New diamond-based BCM

New Pixel luminosity ring

New trigger and readout

First-level trigger at 1 MHz (10x LHC): complete event
with full-granularity calo data at hardware trigger level
(in addition to high-resolution muon trigger) — allows
global trigger with higher-level features

New electronics

For LAr, Tile, and muon
spectrometer

2.4<|n|<4

New silicon tracker (ITk)

r 4
New high-granularity timing detector (HGTD) Pixels and strips (50x more channels)
30-50 ps time resolution per track for pileup rejection Coverage up to |n|<4

10x higher radiation tolerance

[Picture: ATLAS]




Conclusions.
New ATLAS results probe the electroweak and strong sectors of the SM, and search directly for BSM physics

Detailed characterization of the Higgs boson

First observation of ZLZL and first evidence for VBS W ZL

Most sensitve H H searchinHH — bETT
Mhsibisaerougdinigen 2 — &

Observation of parton energy loss in light ion collisions

U e

g E B R a1
i

B
e

) MeV]

And more...

More results and details in the talks by Meng Xiao, Reina Camacho Toro, Marco Vanadia, Michael Pitt, Yurii
Maravin, Carla Gobel Burlamaqui De Mello, Fabrizio Grosa, and in the parallel sessions

Good progress on detector upgrade
— we are building a much better detector for HL-LHC
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CMS data

Run 3 is a game changer

LHC HL-LHC
cM aradigm
minosity
= 500
) !xw’ S:MSPmo'minllv 208 li‘a" (138 TeV)
z pana iy CMS Preliminary 204167 (13.6 Tev) )
E 40 & " PU~5 £ M %g[gger
£ ° of o 12 E g nd
= 300 DR 136 76V, 415 1" soC 5 1- $2__ 4 ry
g 0 * pp low-pileup 2026 T 06— ., v
= k=
a ® pp very high pileup 2 049 7
2 100 — 8 o2- * -
* pp (2.4 TeV) g i I e
o - ® pp (5.36 TeV) § ur 3 2250 500 1000 1500 2000 2500 ==
7-0'\’\ 40 50 60 70 80 90 100 110 120 % m [GeV]
° po transverse mass mie} . PP + p}) (GeV) £ ets
* 00 SMP-26-015
Ru Excellent description Fraction of jet events
of the new data by MC with an intact forward proton
First results from the large low-pileup run recorded in April this year

ICHEP Natal 2026 4,



CMS Physics >1500 Physics papers by CMS

A multi-frontier program

Standard model: Search frontiers:

« Precision = . Energy ]
» QCD, electroweak, top _Exatica  Luminosity
« Higgs boson properties = S - Long lifetime
e Low mass
« Anomaly detection
« Trigger-less data taking

Flavour factory:
« Spectroscopy
» Fragmentation
« CP violation
- Rare decays

Detectors, technology,
. . . and algorithms:
Heavy- and light-ion physics: « Physics performance
« Medium response, Flavour » Machine learning
quark-gluon plasma « Statistical techniques
« Ultra-peripheral collisions

In Run 3, several frontiers significantly strengthened

ICHEP Natal 2026
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CMS

e Higher-level trigger (HLT):

HLT Scouting

Trigger-level analysis: do more with less

hybrid CPU + GPU system to reconstruct and select events

e HLT input/output rates:

~110/40 kHz

e Scouting: high-level trigger objects only (15 kB/event)

Scouting: ~30 kHz
15 kB/event

Standard: ~4 kHz

1 MB/event

HLT output trigger rate

120.

100

60

=
¥
=
g
s
E
& 5o
g
@
5
z

Q?@“\@&c“@e“eée!&é@ & e“ $ R

“Time (hhmm]

DP2026_097

® 600 B Scouting events recorded in Run 3

DESY.

DP2026_023

L1T Rate [kHz]

LIVID

aXiv:2606.25840
62.41fb' (13.6 TeV)
T T

don Rk -7.7.)
< < g

AED/ A IANAY ltastion B
c

T
H - ZpZp (e =
— Observed
---- Expected

95% CL expected
68% CL expected
—— JHEP 05 (2024) 047
— JHEP 04 (2022) 062

10cm) ]

TN

s

10 [= L‘J ut
dark photon mass L [MTV|
Run 3
Scouting
Reach lower mass and longer lifetimes
ICHEP Natal 2026 24



L1 Scouting ' V ‘
Trigger-less recording at 40 MHz ><’ >MW<

* Record the full L1 trigger information for full LHC orbits

[PLB 878 (2026)
* HL-LHC demonstrator system in operation since 2024 _ Cms__ . 37 (136TeV)
. . g ~— Median expected — 4/3layers / BXs
* First physics result: © 'F . 68% expected —— 372 layers/BXs 3
e S © 95% expected —— 4/2 layers / BXs
o
Search for heavy stable charged particles (HSCP) 2 e e
= 10 3/3 or 4/4 layers / BXs E
g e __ =
- Q ol — o
£ = p— 255
< L g - e
o k= — - B T— ==
8 [-- — S =
e = ::’ ="
r— S
l\'\ stubs in p-system
E : 3 Bn o 10'7?.— -~ -
P [Cots - (i | —
[Drees saEnaE
ki 108l 1 I L 1 1 1
R L s 06 08 0.2 0.3 0.4 05 06 0.7 0.
L S R R e velocity B=v/c velocity B=v/c
Standard HLT: = 0.6
Limits as low as few fb at B=0.2
DESY. Andreas B. Meyer CMS Highlights ICHEP Natal 2026 4
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CMS

Stairway to discovery CMS publications

(.Mb Preliminary Phys. Rept. 1115 (2025)
W 136 TeV (L<171fb7") 7’
— Ul 5_.--.: ion mon 13 TeV (L<138fb~") ]
o - w8 TeV (L<19.61b7") =
‘C 107|8 4l _;:‘ Wi 7TeV (L<5Mb) |
el .o o 5.02 TeV (L<302pb~)
2 1UL o) (Fptieo measurement o1 2.76 TeV (L<231nb-") o
= Vkgiaio 95% CL limit at
< 1U} MR :v* g 13TeV (L<138fb")
a oV d A A B Theory prediction
u 4] ay oty | Kyio
o 10% e w2 Avp W g 1
g U oo " ¥V sAverw 8 observation
= 1Uf . oal M2 1
wy s
Plenary talks: verz Tl o8- o 1
QCD: Michael Pitt Tl yi=lg
Electroweak: Yurii Maravin 2z l ok
Top: Marco Vanadia o “.' .
Higgs: Meng Xiao @ i new physics
Flavour: Carla Gobel Burlamaqui De Mello ew
Heavy ions: Fabrizio Grosa wew
BSM: Raina Coromota Camacho Toro l. B
L L
WYy v [ t ¥ H aaH v vl Vi vy [N yr Lo Tllew ===t Vyy  ew
z v Vi VBF H \ Wttt owvy v
[ z

Historic moment in time: Run 2 Legacy complete, Run 3 data taking huge success, first full Run 3 results available
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W boson measurements

Highest precision to highest luminosity

W mass Nature 652 (2026) 321
107 16.81b! (13 1%
> 1. T T T T T
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Run 2 Legacy Run 3 Highlight

Full Run 2 + Run 3 data

2016-2026 ‘446 fb'1‘

10

10
95% CLon BROW ©+ 3n')

(B(W—>3h) <24x107 @95%CL)

cf. Yurii Maravin’s talk on Wednesday
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Run 2 Legacy

Triple differential Z+jets cross
section

Test and improve QCD calculations Z+jets 3D cross sections Sup26010 Uncertainiy breakdawm
UWID Preliminary 111 | 3 1TV)
- VNI iy 138 fb-! (13 1"
° L4 T _ .
Unfolded in pr(Z), yb, ¥ g ~ v 3 [ o e
° - £ 0L 00¢y*<05 — paasat e |
Key input to constraining  ul— EIN%OJI;I%:%HCZLM) g — sam  — =y
parton density distributions < W = — s — e
: S0k 4
c

¢ Complementary to dijet
cross sections

vs o
. \Il’
2.0 4 50 1L‘7\j 200 500 1000

leaa\ng / Al
1.5 jet .
1.0 { Run2int. 2
0.5 = (= luminosity

SIS uncertainty: 0.73%
9%0.0 0.5 1.0 1.5 2.0 2.5
Yo

) | Bulk uncertainty: 1.5%
50 v 200 500 1000 e EEEEEE———
pf / GeV

cf. Michael Pitt’s talk on Wednesday
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Run 3 Highlights

Vector boson and lepton-lepton scattering

The LHC is also a boson, a photon, and a lepton collider

X . . SMP-24-013 . ) Full Run 2 + Run 3 data
® Run 2: evidence for VBS in all massive-V channels, & & scattering: 2016-2026 (446 fb")
also in yy-collisions Events with 4 or less tracks
. . . . JHEP 06 (2026) 187 1 ESTES E +EF
® Run 3: first differential VBS cross sections 3 categories (p, e, pHpT) SP26.005

CMS Preliminary 446 fb'(13-13.6 TeV)

2rXiv:2605.1539 _ T joRE e
. CMS supplementa 280 b (136 TeV) CMS Supplementary 280 ' (13.6 TeV) § 30 = va = Nonprompt
2 ENorpompt ¢ Deta £ - o 3
3 = ot e 2 o RS 2 Bl scatiering [ 7% U1
K b4 g = scattering
B ey | E [0 g Wz o £
. Vg sen W S e 3 e"1": 2 tracks, 3 tracks
mocowz - 2 JE11 °: 2 tracks, 3 tracks |q
c
N £ Ay
3 i

i il 2%¢* signal at 2
? g & g \a, small P, balance E
s acanLovmys wihewt W0 o - wcanon o 0 02 04 06 08 1
[ reateovi £ pToEm p, balance 163 |/
s .
T
SE, Observation:
¢t scattering: 5.4 0 (6.0 o exp.)
- : u*utscattering: 4.0 o (5.1 o exp.)
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Run 2 Legacy

Higgs: from pieces to precision

https://cms.cern/news/building-the-higgs-bosons-clearest-portrait-to-date

H‘QIQS arXiv:2602.1861
couplings | g 1381 (13 1"
T T

EP {UE obsened T t

> 88% :

S I\ ool (o g Higgs mass HIG-24-007

od yst)
P 4y L smpredton ] 5.1 b (7 TeV) + 19.7 fb (8 TeV) + 138 fb! (13 TeV)
Prelimina .

- My = 125.38 GeV CMs v ! Total st Syst
£

b P =012

<UL

i Tot Stat  Syst

ATLAS H::4/ Run 1+ Run 2
Phys. Lett. B 843 (2023) 137880

Force carers __ Higga boson CMS He.4/ Run 1+ Run 2
ol e

Gev
Phys. Rev. D 114 (2025) 092014
ATEASH PR 5%
GeV

T
T T T T
11 Run 2
- 1t Be247 (2023) 138315
H B F el AR ¥ == 12507 % 0.13( % 0.09 ¥ 0.10)
2 4ol 10 Run 2 GeV
4 CMS-PAS-H|G-24-007 ) ) )
=
0.9/
L L

124.94 % 018 ( % 0.17 % 0.03)
GeV

|a =l
= 12508 % 0.12( % 0.10 % 0.05)
—

12522 % 0.14( % 0.11 % 0.09)

122 125 126 12J-7 128
05 ! ‘ 123 124 m [Ge\/]
10T 100 107 107 H
| QIILIG mass (MUY
4 Run 2 STXS N CMS corgbination (R:ll.l:n 1+2):
o/osm = 1.0147 0.0285tat = 0.025¢xp ~ 0.040th¢0 Myiggs = 125.07 7 0.09(stat) — 0.10(syst) GeV

Run 2 Legacy: Higgs physics entering precision regime
S —
cf. Meng Xiao's talk later today
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t H Run 2 Legacy

Higgs to charm m<€<c + Nes
https://cms.cern/news/topping-charming-higgs s ke N o
t‘tﬁ&t “VH W2

Higgs arXiv:2602.1861

couplings | GMS supplementa 1881b- (13 1Y
= (R e et —
t

£ |> 1L o observed
z> *  arXiv:2509.22535 PRL 136 (2026
ju—— ,CMS s 1376V VIV QU Ll 0118938 - (13 1w+
T 56%CL (stat @ syst) QT e ovems, R T T T T T T T
C W ET swoiemoss E &1 evEiime. L 1 ¢ Observed 68% expected
- — M prediction s = o —- Median expected 95% expected
£l my = 125.38 GeV' = 3 1%
<10 b pou=0.12 | g
Leptons Quars = I
E | CRG ) . |
= 08| Exp. 5.9 1
2 Obs. 9.3 |
a L . | I
i, B0 10" % =Ly |
Exp. 8.7 1
Obs. 7.8| |
p— I
Exp. 7.9] :
Obs. 14| L
0o o ) | . ! 1 .
. " 0.0 25 5.0 75 10.0 125 15.0 175
Discriminantp,_ . 95% \J -rr = limit on 1174
0.5 L L L L
1071 100 101 102
| QIILIC mass (MTV) T n
Run 2 combination of VH and ttH

p(H—cc) < 9.3 (5.6 exp.) |KC| <3.5(2.7 exp.)

Charm had been considered impossible at the LHC
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HH production

Determine the Higgs self-coupling

CMS Run 2
cms

arXiv:2510.0752

PREPER
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Run 3 Highlights
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CMS  — M —omsenes 1 Py o
= Expected
| . B 1
Run2 | ! st
Obs. 7.5 | 1 —
Exp. 38 i 1 em
| 1 4 et 25
Run 3 | Soosted
Obs. 44 oost
B 44 } 1 EEn
| 1 Combined
Combination | i - Evecs 3
Obs. 47 | 1 e
Exp. 28 i L N L L
; bt
! o 95% CL miton 2(pp 1« HH) / 2
95% CL uppr limiton ey
1
Run 3: same
sensitivity with half the
luminosity

Run 3: significant improvements in

ICHEP Natal 2026
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Events

HH production

_ ) _ g Kt Ky _-H g
Determine the Higgs self-coupling " - .:
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Results with partial Run 3 available in all significant HH channels
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Run 3 Highlights

95% CL limit on 2 (pp = HH) / 2
/ CL limit on 2 (pp A
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e  2024: first observed by CMS
in the dilepton channel
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2026: independent analysis in
the €+jets channel
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(paper to appear)

CcMS 138 fb! (13 TeV)
j Data mt Post-fit
L Single t [ ] Multijet/ EW ]
Uncertainty

~— Expected w/ |
&

\_'_\——\__

0 02 04 06 08 1,
relative velocity *

[ o) = 53709 pb]

ICHEP Natal 2026

Run 2 Legacy

Fitin B*.c,

t hel” Chan‘ SNN andb tag

B,": velocity of tin t, rest frame,
S,y {treco significance

CMS confirming excess in complementary final state
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Events / (0.0033 GeV)

Time-dependent CP violation in BO(S) — J/wpKq

1.4M B, and 16k BS candidates

State-of-the-art flavour tagging

CMS Preliminary

274 fb~! (13.6 TeV)
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Run 3 Highlight

BPH-26-005

Run 3 2022-2025 (274 fb™")

mixing-induced CPV S

CMS competitive precision
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mixing-induced CPV S,
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https://cds.cern.ch/record/2962333/files/BPH-26-005-pas.pdf

1 Introduction

In the standard model (SM), CP violation (CPV) arises from a single irreducible complex phase
in the Cabibbo-Kobayashi-Maskawa (CKM) matrix, which governs charged-current weak in-
teractions among quarks. Precision measurements of CP-violating observables in B(['S'-meson
decays provide stringent tests of the SM description of flavour physics, and offer sensitivity to
contributions from physics beyond the SM (BSM) at energy scales beyond the direct reach of
collider searches [1]. In neutral B- systems, CPV ifests through the i

tween direct decay and decay following flavour oscillation, and can be quantified through the
time-dependent asymmetry acp(t) between initially produced B:‘S) and E’S) mesons decaying
to a common CP eigenstate f:

Sysin(Am t) — Cycos(Amt)
acp(t) = = = ; m
cosh(ATt/2) — Dysinh(AT't/2)

where Am and AT are the mass and decay-width differences between the heavy and light neu-
tral B?(' mass eigenstates, respectively, and S/, C_,, and D! describe mixing-induced and direct
CPviolation effects. S; and C; are the primary observables of this measurement.
Among the m:my B-meson decay modes accessible at hadron colliders, decays to final states
are particularly well suited for this programme. The de-
cay B” — ]/ K¢ proceeds predominantly through the b — ¢Cs transition, whose amplitude
is dominated by a single weak phase, which results in small and well-controlled theoretical
uncertainties. In the SM, neglecting higher-order contributions from penguin diagrams, the
parameters satisfy S; = sin2f and C; = 0, where p = arg[—(V,4V3)(V;4V};)] is one of the an-
gles of the CKM unitarity triangle. The parameter sin 2p has been measured with high precision
at B‘[’s) factories and LHCb [2-8], and it remains a cornerstone of global CKM fits. The best mea-
surement of these parameters in the J/y K final state is S = 0.726 +-0.014 and C = 0.010+0.012
from the LHCb Collab i bining data coll d in the LHC Run 1 and Run 2 [8]. How-
ever, the theoretical cleanliness of this mode rests on the hypothesis that penguin contributions

ligible, and lling this ption requires input from topologically related decay

a char

Blg!

modes [9, 10].

The SU(3)- partner decay B — J/y K provides precisely such a handle. This decay proceeds
through a CKM-supp d but logically similar ition, offering direct sensitivity to
the weak phase g, = arg[— (V,bV,v)/( V3)]. Moreover, the comparison of CPV parameters
between the two modes allows penguin- mduwd shifts in the interpretation of sin 2f to be con-
strained [11, 12]. Subleading hadronic contributions of this kind represent one of the dominant
sources of inty in BSM interp ions of CPV and their control is there-
fore of broad importance to the field. CP violation in BY — J/ K¢ has previously been studied
by the LHCb Collab [13]; a simul of both modes within a single
provides a coh and self- probe of the SM flavour structure.

This note presents a of time-d dent CP viol in B(s' — J/p K2 decays,
reconstructed through the J/¢ — y*p~ and K" — '~ final states, using proton—proton (pp)
collision data at \/_ =13.6TeV collected wnth the CMS detector at the CERN LHC during 2022-
2025, corresp g to an i of ly 274 fb'. The CP- -violating
parametels S and C for both decay modes are extracted from fits to the time-dependent CP

y. The initial B flavour at prod is inferred using dedicated flavour-
taggmg algorithms, and experimental effects that dilute the observed asymmetry are carefully
accounted for. Throughout this note, charge-conjugate states are implied, and the symbol Bm
QENOIES eItner a ™ Or b MESON UNIESS Slaled Oerwise.

P
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b—sup differential branching
ratios

CMS is a 41 flavour factory for final states with muons
Phys. Rept. 1115(2025)678 3,210 ' (13.0 18V)

T T T T
clusive low mass dimuon trigger

T
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e  b-s: FCNC o C e
BR ~107 => sensitivity to new physics
e  Also measured: isospin asymmetry, R(y(2S))

Six different channels measured simultaneously

— most ﬁrecise measurements to date
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Run 3 Highlight

BPH-24-005
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CMS

* System-size dependence of charged-particle Raa

R 1 [[do?A doPP
AT [\ dpr dpr
PLB 6) 1406
16 ; T 1.6 T T T T !
CMs
14F B oo Elweeosrnd | Lf OMS o pamen Nene (538 Tev) |
SRR R —— Xexe (5.44 TeV, 0-80%) PDPD (5.02 TeV)
PR P - _
o«
o
2 18 ¢ 3
5 § ]
5 ]2 osf 'R
3 K s
g 1 2 osf L 1 ]
g s i<t § i
s 4 O o04f Els6<p <120Gev L
E'240<DV<QGBG¢V L] .
[ B 352<p <480 GeV XeXe
02 lIIns<p:<1oasa=v i

/ b, (GeV)

suppression observed
in OO and NeNe

Raa measured
up to 100 GeV

1

2 3 4 5 6
AR

Linear dependence
on nucleon radius

Quark-gluon plasma in light ions

pO, OO0 and NeNe collision data recorded in July 2025
* Sequential Y suppression

«10¢ PP x10°

15

Run 3 Highlights

2NXiv:2607.13758

(o]e] 102 NeNe

Events/ 20 MeV

Y(2S) and Y(3S) suppression in OO and NeNe

* Enhanced baryon-
production in OO

0.
higher /S)

04

rate of A

0.8

02

HIN-25-020
88 n" (00). 1.1 0" (D). .38 TeV
I SAMABARSRRRE RS
[ oMS Preiminary w<10 ]
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i
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Almost all signatures of QGP formation also measured in light ions — within just one year since the data taking

DESY. Andreas B. Meyer

CMS Highlights
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Direct searches

CMS public results

Overview of CH lptoguark sesrches
CMS Searches Summary Figures o
CMS preliminary

Plviia sm
Overview of CMS EXO Results July 2026 N = - - :
VE=13,136Tev, Ju=36283 07 S = —_—
95% C.L. Exclusion Upper Limits - ?
ZEm ﬂ= —

: _Lép’tdquar ks~ 2

Overview of CMS long-lived particle searches
cusprtmin

Ly 2026



https://cms-summary-searches.docs.cern.ch/lq_bar/
https://cms-summary-searches.docs.cern.ch/lq_bar/
https://cms-summary-searches.do/
https://cms-summary-searches.do/
https://cms-summary-searches.docs.cern.ch/llp_bar/
https://cms-summary-searches.docs.cern.ch/llp_bar/

“Search for a standard model-like Higgs boson in the mass range between 70 and 110 GeV
in the diphoton final state in proton-proton collisions at sqrt(s) = 13 TeV”
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html

Phys. Lett. B 860 (2024) 139067

https://arxiv.org/pdf/2405.18149 v1 24/05/2024, v2 06/01/2025

Full Run 2, 132.2 fb (2016-18) = 2.9 sigma local, 1.3 sigma global (i.e. corrected for LEE)

«10°CMS y 132 b (13 TeV) «10°CMS y 132 b (13 TeV)
> 20T T T 3 100 T T T 1
[ H- vy [H- vy
Q M =e54Gev + Data E [ my=95.4 GeV + Data
o 180 H . — S+B fit = 80 : — S+B fit =
S 60N e B component | N e B component
& 140 mEmtic 3 [ mE:ic 1
120 Em+20 3 Ly Em+20 ]

] L ol L I L L

S/(S+B) Weighted Events / GeV

B component subtracted — B component subtracted =

¢

70 80 % 100 110 1:0 70 80 EY 100 110 120
m,, (GeV) m,, (GeV)
Weight of all events = 1 Events weighted by S/(S+B) ratio
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html
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https://arxiv.org/pdf/2405.18149

Searches for invisible or long-lived particles

Benefit from higher Run 3 energy and triggers

Monojets
e Jet(s) + invisible

e Generic p®
“precision search”
¢ Dark matter
* H-sinvisible
¢ Extra-dimensions
L]

Z-vv background from fit
toZ- L, W- v,
vtjets

(Data-Pred.) pata / Pred.

NPS-25-
22/23: 62 fb”' 62 fb'098.6 TeV)
T T T T

“Data [ [eleb)
Preliminary Daco [ Aeeitict
mV® pggocom
EEMAUk ewk
wWie)

e,

| 4preit 4 Postit [MProfitunc. | Postft unc
ISR St s
OO TG 2=
- g

.

[=lonly poleit |

e =
@

o N

N

1000 1200
Recoil [GeV]

800

Form_ ~1GeV,m <1.9TeV
DM med

B(H—inv.) < 42% (39% exp.) at 95% CL

1400

Muon detector showers

* Long-lived particles
showering in the p system

* High-multiplicity p-trigger

since Run 3

* Twin-Higgs scenario
f

S—dd, bb, 1T

2016-2024: 308 fb 1

Run 3 Highlights

EX0-25-005

BN

=]

95% CL upper limit on gg(H & SS)
3 3

CMS Preliminary 1eo- 170" (135 Tev) + 138 &' (13 Tev)
L T T

“"sadd

—ms=7GeV []¥17

4 b
10’ _ . Expected ms =15 GeV [ Expected
__ Observed —ms=40CeV 117
c — ms =55 GeV [ Expected
. | L 1212
105 Expected
i 102 10 e
ez [M]

Most stringent limits to date

Limits on B(S—dd, bb, 1) for
ct between 1 cm and 100 m
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CMS
HL-LHC
CMS upgrade 2030-2041

Build the best possible detector for HL-LHC 3 ab™ at up to 7.5x10% cm?s”

. New paradigm
Timing layers &
. 30 ps resolution
New paradigm

Silicon tracker
up to n~-4
/ 7 New paradigm
5D high-granularity calorimeter
Energy, space, time

New paradigm
Track trigger at 40 MHz
tracking, vertexing, b-tagging
ParticleFlow, PU suppression, ML

New paradigm
L1 Scouting
40 MHz L1 readout |}

~
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CMS Phase2 pp 7TeV FLUKA v6.3.0.1:

1MeV

Proposed Detector - HGCAL

« HGCAL needs to fit in the envelope of the previous calorimeters (EE and HE)
and provide high granularity, radiation-tolerance (2 MGy), and efficient readout.

. I Each HGCAL is 5.4 m in diameter and weighs about 230 tonnes.l

« The electromagnetic part (CE-E) is designed with fine longitudinal resolution, and
thin absorber layers of lead and CuW/copper between the active layers.

neq. Si Fluen

30000 fb™" (0 = 80.0 mb)

« The hadronic part (CE-H) has thick stainless-steel absorbers between sensors.

- Active sensors cover 1000 m?2total over both endcaps.
« Silicon sensors as active material in the front sections.
Plastic scintillator tiles, read out by SiPMs, in lower radiation regions.

This presentation

« Challenges:

See presentations by Aidan Grummer (front-end
electronics and readout) and Stavros Mallios
(back-end electronics).

Andre Stahl will be presenting reconstruction and
performance.

Beamline

HGCAL cross-section (~axisymmetric)

Both Endcaps | Silicon

Area ~620 m?

Channel Size 05-12cm?

# Channels ~6M

# Modules ~26k

Op. Temp. -35°C

Per Endcap CE-H
Si S

Absorber SS, Cu

Depth 101

Layers 7 14

Weight 205t

T. French / CALOR2024
Tsukuba / 24" May

https://indico.cern.ch/event/1339557/contributions/5919422/attachments/
2863068/5009668/0verview%200f%20CMS%20HGCAL%20CALOR24.pdf
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https://indico.cern.ch/event/1339557/contributions/5919422/attachments/2863068/5009668/Overview%20of%20CMS%20HGCAL%20CALOR24.pdf

PHYSICAL REVIEW D 107, 016012 (2023)

Testing 1 and Bell i lities in H — ZZ

J.A. Aguilar-Saavedra®,” A. Bemal®,’ J. A. Casas®,’ and J. M. Moreno®*
Instituto de Fisica Tedrica, IFT-UAM/CSIC, Universidad Autonoma de Madrid,
Cantoblanco, 28049 Madrid, Spain

® (Received 4 October 2022; accepted 3 January 2023; published 20 January 2023)

We discuss quantum entanglement and violation of Bell inequalities in the H — ZZ decay, in particular
when the two Z-bosons decay into light leptons. Although such process implies an important suppression
of the statistics, this is traded by clean signals from a “quasi maximally entangled” system, which makes it
very promising o check these crucial phenomena at high energy. In this paper we devise anovel framework
to extract from H — ZZ data all significant information related to this goal, in particular spin correlation
observables. In this context we derive sufficient and necessary conditions for entanglement in terms of only
two parameters. Likewise, we obtain a sufficient and improved condition for the violation of Bell-type
inequalities. The numerical analysis shows that with a luminosity of L = 300 fb~" entanglement can be
probed at > 30 level. For L = 3 ab~! (HL-LHC) entanglement can be probed beyond the Sc level, while
the sensitivity to a violation of the Bell inequalities is at the 4.5¢ level.

https://arxiv.org/pdf/2603.26463

Measurements of Z-boson pair entanglement in decays of Higgs bosons at the ATLAS experiment

https://atlas.cern/Updates/Briefing/Run3-Higgs-4l
ATLAS explores quantum entanglement using Higgs boson decays, while charting its properties

https://cds.cern.ch/record/2949823/files/HIG-25-011-pas.pdf

“Study of spin correlations in Higgs boson decays to four leptons at CMS”

(Abstract) ... Implications regarding quantum entanglement and the violation of a Bell-type inequality
are discussed.
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But, some strong arguments doubting (or just convincingly excluding) the feasibility
of tests of local realism via Bell’s inequalities at colliders are stated and published
since (at least) LEP times :

1) Phys. Lett. B, vol. 280, pp. 304-312, 1992
https://www.academia.edu/92495433/Testing locality at colliders via Bells inequalit

2) Bell's inequality and tau-physics at LEP, H. Dreiner (TAU92 W-shop, Columbus, OH, 09/1992)
https://arxiv.org/abs/hep-ph/9211203

3) «A critical appraisal of tests of locality and of entanglement versus non-entanglement at colliders»
http://www.arxiv.org/abs/2507.15947

4) «Colliders are testing neither Locality via Bell’s Inequality nor Entanglement versus Non-Entanglement»
http://www.arxiv.org/abs/2507.15949

5) “Addressing Local Realism through Bell Tests at Colliders”, M. Low, U. of Pittsburgh
https://arxiv.org/pdf/2508.10979 v2, 30/10/2025
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https://arxiv.org/pdf/2508.10979
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Quantum Observables for Collider Physics 2026 w/shop (20-24/04/2026, CERN)

“Measurements of Z-boson pair entanglement in H = Z Z* at ATLAS”, Tairan Xu, UofMichigan

https://indico.cern.ch/event/1603106/contributions/7003930/attachments/3259565/5819424/
ATLAS QEHZZ 042126.pdf

“Mapping the quantum state of the H - Z Z at CMS”, Jeffrey Davis, John Hopkins U
https://indico.cern.ch/event/1603106/contributions/7003925/attachments/3259507/5819303

Quantum_Observables 2026.pdf

“Opportunities, assumptions and limitations for Ql measurements at the LHC”, F. Cerutti
https://indico.cern.ch/event/1603106/contributions/7004113/attachments/3260255/5820808

QI-CERN-ws-April22.pdf

(Some of) the items of the talk:
Assumptions, Limitations, (Answers to - added by A.M.) Criticisms

No talks from criticizers (of feasibility of local realism tests via Bell’s inequalities at colliders) !
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More or less balanced formulation in
https://cds.cern.ch/record/2949823/files/HIG-25-011-pas.pdf
“Study of spin correlations in Higgs boson decays to four leptons at CMS”

2.4 Quantum entanglement

The polarization density matrix in H = ZZ decays has recently attracted significant attention,
owing to its relevance to the quantum entanglement between the spin states of the two particles,
as discussed in Refs. [36-40] and references therein. It has even been suggested that a test
of locality via Bell-type inequalities or a test of entanglement versus non-entanglement could
be performed in such a system.

However, Relativistic Quantum Mechanics (QM) was assumed in deriving the polarization
density matrix, evident following the reasoning behind Eq. (18). The spin polarization states
are not measured directly but are inferred from the momenta of the final-state particles, which
determine the angular distributions in Eq. (18). As a result, it is not possible to definitively rule
out non-entanglement or test locality through a Bell-type inequality [51-53]. (= ref. 1,3,4 on page 46)
Nonetheless, it remains possible to test the consistency of the observed states with quantum
entanglement and potential violation of the Bell-type inequality, providing a means to scrutinize
the predictions of the SM. Entanglement is a phenomenon in which the state of one particle
cannot be described independently of the state of another. It is a fundamental feature of QM.

while assuming the validity of QM to test its own validity may not yield
fundamentally new information, unless violation is observed, entanglement remains a phenomenon
that can be experimentally investigated.
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CMS

T

CMS Physics Analysis

Summaries

DESY.

New CMS results for ICHEP

https://cms.cern/news/cms-ichep-2026

Search for a heavy resonance decaying into a Higgs boson and a new scalar boson using the bbyy final state

Search for new resonances decaying into a pair of Higgs bosons in the bbrr final state

Search for a new resonance decaying to a Higgs boson and a scalar boson in events with two b jets and two Z bosons
Search for rare leptonic decays of neutral K mesons

Simultaneous dBF/dgq? measurement of b->spp decays with Run 3 data

Observation of n->2u2m and imp! of the br ing fraction for n to 4y
Measurement of the differential cross section for inclusive isolated photon production in proton-proton collisions

Search for W boson decays to 3 charged hadrons

Constraints on Effective Field Theory from
Measurement of 4 point energy correlator projections in Z+jet events

Study of lepton scatering

of double-dif ial groomed and ung jet mass cross sections in Z+jet events with the CMS experiment
Observation of the production of hlgh-p' jets or electroweak bosons with an intact forward proton
Study of WW production in the channel with a light lepton and an hadronic tau

Measurement of the Vcb element of the CKM matrix from top quark pair events in proton-proton collisions at 13 TeV

HH. 1), i-boosted

ttHH(4b)

Search for exotic decays of the Higgs boson into a pair of light bosons with two b jets and two photons in the final state
Search for new phenomena in events with energetic jets and large missing transverse momentum
Boosted H(125) -> aa -> bbbb

Search for inelastic dark matter with low-momentum displaced electrons

Search for LLPs with Muon Detector Showers in Run 3

Search for Higgs compositeness effects in high-mass dilepton final states

Search for long-lived particles decaying to photons in decays of the Higgs boson

Search for nonresonant production of strongly coupled dark matter

Search for a right-handed W boson decaying into a tau-flavored heavy neutral lepton
Measurement of the jet quenching effect with Z + jet events in pp and PbPb collisions
AXOL1TL+CICADA

82624019
82626011

B2G-24-002

MPp-2:
SMP-25:011
SMP-25-002

SMP-25-009

HIG-25-008

HIG-24-016

SUS-24:008
NPS-25-008
NPS-25.005
EX0.24.0%
EX0.25.005
[EX0-25-001
[EX0-23-012
EX026:010
EX020:04
HIN25017

MLG-25-001
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CMS Detector Performance

N ew C M S resu ItS fO r I C H E P https://cms.cern/news/cms-ichep-2026

o3

-

ICHEP 202i
AL

Tltle CDS Link

Output rates and bandwiths of the High-Level Trigger during 2025 & 2026 PbPb runs

Identifying quenched jets in CMS using machine learning

Pixel detector performance in 2025

Evolution of the HLT Scouting of the CMS experiment in 2022 -- 2026 during LHC Run 3: statistics

Retrained ParticleNet for AK8 bb-tagging at HLT

Alpaka-based pixel digi morphing for radiation damage mitigation at the CMS HLT

Primary vertex and track impact parameter resolutions in the 2022, 2023, 2024 datasets with the CMS Phase-1 pixel detector
CMS silicon strip tracker performance results with 2025 data

Performance of boosted top quark identification based on jet substructure using data collected in 2022, 2023 and 2024

The global particle transformer for boosted-jet tagging and mass regression: development and performance from v1 to v3
Global particle transformer for HLT Scouting at CMS

Generative-modeling based calibration of flavour tagging algorithms at the CMS experiment

RPC 2025 performance

« Performance summary of AK4 jet b tagging with data from 2024 proton-proton collisions at s = 13.6 TeV with the CMS detector
% Jet energy scale and resolution measurements using Run 3 data collected by CMS in 2025 and 2026 at 13.6 TeV

Z Wide-cone jet substructure tagging in the CMS Phase-2 Level-1 Correlator Trigger

Performance of jet, missing transverse momentum, and (machine-learned) particle flow reconstruction in pp collision data
with more than 100 pileup interactions at the CMS experiment

Speeding up the electron pixel seeding using GPUs

Accelerated tracking for a high-throughput Phase-2 NGT HLT Scouting stream: Computing and Physics, performance

DP-26-094
DP-26-095
DP-26-096
DP-26-097
DP-26-099
DP-26-100
DP-26-101
DP-26-102
DP-26-103
DP-26-104
DP-26-105
DP-26-106
DP-26-107
DP-26-108
DP-26-109
DP-26-110

DP-26-111

DP-26-113
DP-26-114
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9 intact proton

* Measure longitudinal boost
of central system, correlate
with proton side (+z or -z)

¢ Extract fractions of diffractive
jets, W, 2: 0.5%, 1%, 1%

DESY. Andreas B. Meyer

Observation of W, Z, and TeV-scale jets with intact forward proton

PPS

—]

Events

SMP-26.015
Multijet channel W channel Z channel
CMS _Preliminary 204" (136 TeV) CMS Preliminary 2047 (136 TeV) WCMS Preliminary 2.04 10" (136 TeV)
Multijet selection ™ ‘W boson selection
H" L
.”-' ¥
Data
1, — inclusie
p—
—— PPS
1
s34 10 :.;:u:n.,..‘...,u..._...,a.,,“,::‘E
09
o] B ettt st
5 ? i W
4 2 4 1 1 2 2 -1 1 2
Muttijet rapidity Yies Leading Lepton n Dimuon Rapidity yer
Ratio of events with a proton in
PPS on +z side over PPS on -z side
cf Martijn Mulders' talk on Thursday
ICHEP Natal 2026 34
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Measurement of V, from tt events

Use tt as source of real W bosons

* Complementary to B decays

o Measure W-cb decays in
processes of large energy

e

kinematic tt Wi b
reconstruction  t /b _

c b

jet ﬂavoN

ofcand b jet
candidates

- )
s o O
oo

Event) / bin width

D607 02 05 0405 06 07 08 0 10
BDT score (tt reconstruction)

CMS prefimina

§ o -
Wt

— Cweexs b

- -

Events / bin width
3

D001 D2 03 04 05 06 07 08 09

DNN score (W decay jet ﬂavour)m

Most precise result from W boson decays at a hadron collider
T —
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0

Run 2 Legacy
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signal

[ [Vep| = 4597035 (stat) 105 (syst) x 10~ }
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Run 3 Highlights

Searches for high-mass
particles

Benefit from higher Run 3 energy

W ev 700 L Tonve 50t
2022-2023: 62 fb!  EXQ-24-021 2022-2025: 283 fb”! egtor 2024-2025: 220 fb”! el bachpuny
CMS Prfiminary 6210 (136 Tev) 283" (136 TeV) 220 fb (13.6 TeV)
A T T T T T 3 T 3 g
3 bow  Eveen Elloe e CMS Preliminary t Data  [Wother [ Singlet MisiD
° |- Mo Roo @,z 2z .
2 WA T — U T e Muon channel: postfit Bw md Moy
2 8 corainy —
5 Wy £ LQ:t1/b@ (0.75TeV)
w oV ~
Y —ZeM=2Tev )
=
[
>
it
" E I g
H 5 i}
I . E 2 2
H v
b —sto——r——to ggﬁ T T T © 26— 50 50
m_[GeV] e m,, [GeV] Categories of leptons, b-tag, jets, L and p.mss
' > m(Z' > 5.6 TeV
mW,) > 5.9 TeV (Z' o) mLQ_ )>1.72 TeV
at 95% CL (6.2 TeV exp.) at 95% CL (5.8 TeV exp.) 4t 95% CL (1.76 TeV exp)

Most stringent limits to date
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ML for jet flavour tagging

Unified tagging across all flavours
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Truly unexpected improvements in recent years

ICHEP Natal 2026

Up to factor 10 better purity than DeepJet during Run 2
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With this trigger, we already produced > 1500 papers
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The Level-1 trigger at the HL-LHC
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New results since LHCP.

Observation of electroweak production of yyjj

Measurements of VBF W' production at 33 TeV

Polarisation in VBS W Z producfion at ¥ s of 13 and 13.6 TeV

Observation of pair production of longitudinally polarised Z bosons in four-lepton final states
Charged-particle phase-space measurement of Z+jets production at 13 TeV (to come)
tH(— 7171) and combination Run 2 tH searches and H — yy partial Run 3
Non-resonant H H - bbtT Run2 + partial Run 3

ttH andtH H - 7171 at 13 and 13.6 TeV

Resonant searchfor SH —» b bb b

Searchfor H » y*y at 13.6 TeV (to come)

Run 2 Higgs combination (to come)

Search low-mass di-T resonances in association with top quark pairs

Search for high mass dilepton resonances at 13.6 TeV

Search for exotic pair-produced VLQ T — St decays

Search for HNL t-channel in final states with T leptons

y+jet reconance search (to come)

J suppression and J, jet correlations in Pb+Pb collisions
Charged-particle production in O+O and Ne+Ne collisions

Dijet asymmetry in O+O and Ne+Ne collisions

Isolated photon plus multi-jet correlations in Pb+Pb and pp collisions
Photon-hadron correlations in OO and pp

Forward Jet RAA in Pb+Pb collisions at 5.02 TeV

Jet vn in O+0O and Ne+Ne collisions at 5.36 TeV

Large-R Jet Calibration in Run2 -

GN2 c-jet and b+ets calibratien using &t semi-leptonic events

GN2 bHet calibration using tt dileptonic events
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Characterization of the Higgs boson: differential.

ATLAS
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Measurements in 44 kinematic
regions of 5 production processes
(assuming SM branching
fractions)

Agreement with SM: p = 47%
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A few selected other new results.
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Search for heavy Majorana
neutrinos in VBS

in T final states:

strongest constraints

for m. > 1 TeV and

first constraints

for m . = 1.5TeV

2607.25869
2607.27307

Both new for ICHEP
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Run 3 data holds many promises.

Normalized Events
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Almost unseeded (di)electron
trigger in Run 3 opens
new phase space for ATLAS
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ATLAS approach to bPOL problems.

% bPOL: DC-DC voltage regulator used in many upgrade
projects in ATLAS and CMS

w Combination of radiation, cold temperatures, and stress time
(bPOL powered but disabled) leads to failures

W3 : =
bPOLs ITk Strip Petal

w New problem discovered recently: overshooting output voltage at power down (after irradiation)
w New bPOL in development in CERN electronics group

Mitigation strategies
w |ITk Pixels: Wait for new bPOL (schedule allows for it)

w Tk strips: Proceed with current bPOL:

= redefined wire-bonding scheme to minimize stress time
= change power supply to slow input voltage ramp down and add additional resistor on End Of

Substructure cards for faster reduction of output voltage
W LAr: Proceed with current bPOL, redesigned front-end boards to minimize stress time

W HGTD: Wait for new bPOL, redesigning peripheral electronics boards as fall-back option (difficult)

[Photo: ATLAS]
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Schedule for long shutdown 3.

. NSW removal | (NSW re-installation|
Muon endcap E Muon barrel C | Arand Tile ! System testing
|e|ectron|cs lnstallatlon\ |RPCinstallation | electronics with

Muon barrel A installation Hfull DAQ chain |
|[RPC lnstallatlon] Eniingenes
—

)

Cavern opening

’ Inner detector | j_Installation of

decommissioning ITk services

[HGTD services HGTD

installation installation
side C

insertion

HGTD

installation
side A

ATLAS closing
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https://arxiv.org/pdf/2608.07332 v1 [hep-ex], 07 Aug 2026
«Combination of Higgs boson measurements at Vs = 13 TeV
and their interpretations by the ATLAS experiment»
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Figure 1: Examples of Feynman diagrams for single (top row) and double (middle row) Higgs boson production, and
Higgs boson decay (bottom row): Higgs boson production via gluon—gluon fusion (ggF: a), W or Z vector-boson
fusion (VBF; b), and associated production with W or Z bosons (VH: c), top- or b-quark pairs (1tH, bbH: d), or a
single top quark (tH; e); Higgs boson pair production via gluon—gluon fusion (f), and Higgs boson pair production
via vector-boson fusion (g). Higgs boson decays into a pair of W or Z bosons (h), a pair of photons, or a Z boson and
a photon (i), a pair of quarks (j), and a pair of charged leptons (k).
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Figure 3: Observed cross-section values for the main Higgs boson production modes, relative to their SM predictions.
The bbH mode is considered together with g¢F. Higgs boson decay branching ratios are assumed to be equal to
their SM ions within theory Total inties in the and their statistical and
systematic components are shown. The vertical line and the shaded regions represent the SM predictions and their
uncertainties.

Table 2: Measured values of Hi d ections, assuming ing ratios match thei

in the SM within theory uncertainties. Observed and expected uncertainties are shown along with their contributions
from data statistics (stat.) and systematic uncertainties (syst.). The last column indicates the corresponding SM
predictions together with their theory uncertainties.
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Figure 4: Observed branching ratio values in the H — yy, H — ZZ", H — WW*, H — tt, H — bb, H_.,m.
H — Zy and H — cc decay modes, relative to their SM predictions. Higgs boson prodh
assumed to be equal to their SM within theory intics. Total i

and their statistical and systematic components are shown. The vertical line and the shaded regions l:pn:senl the SM
predictions and their uncertaintics.

Table 3: Measured values of Higgs boson decay branching ratios, assuming production cross-sections to match their
expectations in the SM within theory uncertainties. Observed and expected uncertainties are shown along with
their contributions from data statistics (stat.) and systematic uncertainties (syst.). The last column indicates the
corresponding SM predictions together with their theory uncertaintics.
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