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LA LIBERTE DE CHERCHER

CMS Proliminary___
X=x=1 - Obseved e Mdian expected.

pp carpismalarindan ne elde ettik?
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pp — detektor — DAQ — reconstruction —Analiz — Fizik Sonucu

™~

Selection der
Background d_X y Mmwy, HKHH, Z y 095
Detector corrections
Systematics
Statistical inference
ML ‘ 1. Detector-level distribution # physics result ‘

‘ 2. d=Rt+b = Unfolding is an inverse problem ‘

‘ 3. Measurement = value + uncertainty + correlations ‘

’ 4. Systematics belong inside the analysis ’

5. L(u,0) connects data to physics parameters

’ 6. ML should improve physics sensitivity ‘
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oLcUm ARAMA

o, do/dX, oranlar rezonans / bump

kutleler, baglasim sabitleri MET, LLP, sira disi topolojiler
SM parametreleri yuksek-eneriji tail'lerinde sapma

Precision measurement [-] indirect BSM search
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QCD EW TOP
jets « PDFs * as W/Z/y « diboson « VBS tt « single-top * mt
|
- y & -
HIGGS BSM HI
production « decays * SUSY « resonances * DM ¢ LLP QGP * nPDF « collectivity
couplings |
& /e V &

23/08/2026



Direct Indirect
pp = X - ab L=LSM+ciOi/ N+ ..
resonance / excess precision tails / EFT

N\ / .

Yeni fizik illa invariant-mass peak’i olmak zorunda degil.
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Production cross section,
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CMS Preliminary August 2026
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Aradik Nereye bakiyoruz?
SUSY NO CONFIRMED daha fazla luminosity
/W BSM PARTICLE rare / unusual signatures
leptoquarks / VLQ farkli initial states
dark matter mediators YET
LLP

No discovery 5no new physics
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Neden agir iyon?

QCD at extreme T/ density Pb + Pb -
deconfined quarks & gluons l pPp: hab rdbschattermg
. : PbPb: hard
llective beh
cotiective benaviotr scattering + uretilen
parton energy loss QG P mediam

nuclear structure

!l hadrons
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- ATLAS anti-k; A =0.4 jets 2011 Pb+Pb data, 0.14 nb™
" (Syn =2.76 TeV 2013 pp data, 4.0 pb™
gl I e 2

12<lyl<2A1
1

40 60 100 200 400
P, [GeV]

QGP observables

flow: vy, v3
jet quenching: RAA< 1
y/Z+jet, heavy flavour, quarkonia

A

Central collisions: jet yield = 1/2
of pp-scaled expectation

ATLAS/CERN



Central detector ZDC
What was produced? What happened to the nuclei?
participants - tracks / jets / spectator / breakup neutrons -
energy ZDC
IP
- beam
ZDC: very forward neutral particles; UPC / centrality / neutron
classes

23/08/2026
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Agir iyon carpismalari: UPC

&I&hﬁé b e Witrazperipheral
L e b >R +R,

4/ .
\\ \\ /(/I// yy- X / yPb - X

ZDC: OnOn * OnXn * XnXn

Il W\ /

ATLAS light-by-light event
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P=pty P=pty

yty
J
g « WW ¢ yy * ALP?

Without proton tagging: exclusivity inferred from low activity / acoplanarity /
gaps
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Figure 3: A schematic layout (not to scale) of the beam line between the CMS interaction point
(IP5) and the location of the Roman Pots (RPs) in sector 56. Dipole magnets (D1, D2) of single
(MBXW) and twin-aperture, quadrupoles (Q1-0O6), collimators (TCL4-TCL.6), absorbers (TAS,
TAN), and gquadrupole feedboxes (DFBX) are shown. The 210-far and 220-far units are in-
dicated along with the timing stations (not used here). The 210-near and 220-near are also
shown. The RPs shown in red are those reserved for PPS; those in blue are part of the TOTEM
experiment.

ptp-2p+X+p
§=A4p/p

PPS: ~200 m downstream, beam optics turns momentum loss into measurable
displacement
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CMS+TOTEM Preliminary 2016, s = 13 TeV

CT-PPS left arm

-~ Matching events

—&— Non-matching events

-5 Out of acceptance events
o No acceptance for far RP
mm No acceptance for near RP
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CMS+TOTEM Preliminary 2016, \s = 13 TeV

CT-PPS right arm

-e- Matching events

-4 Non-matching events

-5~ Out of acceplance events
o No acceptance for far RP
1 No acceptance for near AP

'y |
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S(RP)

CMS-TOTEM: matching events lie near §central = EPPS

Kinematic closure

sz = €1 EZ S
YX =% In(E1I£2)

central system ] tagged

proton
Physics
yy—22 / WW / ZZ / yy
aQGC/EFT

ALPs / resonances
_exclusive tt
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COSMIC RAY LHC
p_cosmic + O/N m p+O
! hadronic shower controlled laboratory

MK pn=>yeyv interaction

2025: first pO collisions at the LHC ¢ VsNN =9.62 TeV

Use pO data to constrain hadronic interaction models - Xmax, muon content,
composition

23/08/2026 15



pO: LHC as a cosmic-ray laharatarv

proton beam =cosmicray ¢ OXyC$§
atmosphere 3
ATLAS, VsNN = 9.62 TeV 5
246 million selected events 'Z_s
ofid(pO) = 396 + 6(exp) + 9(lumi) mb
oinel(p+air) = 406 + 6 + 9 + 28(th) mb

Why cosmic-ray physicists care

Air-shower interpretation depends on
hadronic models. pO data directly test
multiplicity, pT and n predictions used by
EPOS, QGSJET, Sibyll, DPMJET, ...

23/08/2026

MC / Data
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HL-LHC = luminosity frontier

Today - HL-LHC Phase-II
Vs:13.6 -» 14 TeV new tracker / forward reach
L_int » ~3000 fb™ precision timing
pileup O(200) calorimeter & muon upgrades
trigger / DAQ

Energy barely changes; statistics and detector capability change
dramatically.
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HiLumi

LARGE HADRON COLLIDER

) LHC/HL-LHC Plan

LHC HL-LHC

EYETS Ls3
13 TeV - 13.6 TeV

13.6 - 14 TeV
— CT)

Dlodes Consolidation
splice consolidation cryolimit LIU Installation . ) HL-LHC
7 TeV 8 TeV_ yutton collimators interaction i inner triplet B :
718V e R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
2013 | aota | 2015 2018 | 2019 IIIIIII@
ATLAS -CMS
experiment uparads phase 1 ATLAS - CMS X nomir\gl'?_gvﬁi
SELRETR 2 x nominal Lumi 2 x nominal Lumi Hungrade
nominal Lumi el ALICE - LHCb } i
75% nominal Lumi upgrade

50010 | integrated

luminosity EOIIETVE
HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY o PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS CORES

23/08/2026
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Rare Higgs Higgs self-coupling EWSB
H-pp pp—HH W-W
H-Zy AHHH longitudinal VBS
rare / exotic decays
\o NG L /

Unusual signatures
LLP

compressed spectra
invisible / dark sectors

“._exclusive photon-induced

23/08/2026 19



23/

Possible scenarios of future colliders : Proton collider

CERN

i--

4

2020

W— Construction/Transformation: heights of box construction cost/year

Electron collider
3 Electron-Proton collider

20km tunnel JERNAE 4ab? =454 ab"

1]
]
| ILC: 250 GeV 500 GeV 1 TeV
: 31km tunnel 40 km tunnel
I

CLIC: 380 GeV 15Tev 3Tev
1.5ab! 2.5 ab! 5 ab!

29 km tunnel S0 km tunnel

11 km tunnel

[ G ———

2030 2040 2050 2060 2070 2080 »i/oo2ms 2090

-> Beyond 2038 is a multi-parameter problem.
- We “might” have a Run-6
- FCC? LHeC? HE-LHC? Muon collider?
-> All depends on the results (to-be) obtained from current LHC

All depends on what
we will observe:

Lots of cutting-edge
physics results to
obtain from current
and upcoming
datasets

Exciting upgrade

program for Phase-ll,
possibilities for further

upgrades before
Run6...

ECFA ECR Debate paper: https://arxiv.org/abs/2002.02837
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parton collider

Higgs « top « EW »

23/08/2026

PP

BSM

PbPb / 00 UPC pp + PPS
QCD matter lab photon collider tagged photon
collider
QGP - flow - YY * YA exclusive ¢ EFT « BSM
quenching

ONE MACHINE — MANY COLLIDERS

The LHC is much more than a proton-proton collider.

po

cosmic-ray lab

air showers
hadronic models
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