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Datadan sonuca nasil ulasilir?
Kullanilan metodlar.
Fizik interpretasyonlari
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Beautiful picture from F. Krauss
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Parton-Shower &

Hadronization
Hard scatter

Beam remnants

Multi-parton
interactions

Beautiful picture from F. Krauss
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36.3fb" (13 TeV)

Data: Tim olasiliklarin toplami

Signal: Olgmek istedigim siireg
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Ardalan (Background): Diger siiregler.
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812: S
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L
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60 10° 2x102 3x10? v Ardalani temizlemem gerekiyor. Bagka
M [GeV] sorunlar?

18/08/2026



W(t) = ¥(0) e *EL/h

1 | Lifetime
U(t) = _ﬁ W(0) e~ Et/h g=t/T
|\I’(t)|2 - ;e Et/h e t/2 e Et/h e t/2 I‘I’(0)|2 i ; e t/

= _1
/ t—et'"dt=r1
0 T

18/08/2026



18/08/202¢

1.0

08

0.6

04

0.2

= [ U(t) em™/hdt

(mg —m) —iI'/2

Breit-
Wigner
line shape

-3r -2[‘ -l‘ * +l‘ +2[‘ +3I
moc

o
o

Enerji uzayina
Fourier transform

r

36 3 b (13 TeV)

NOEEEERE-

sl 7
s s it
2 d

Simulation/Data

60

10° 2x10? 3x10?

10°
m,. [GeV]

CMs 2.8 b (13 TeV)
% 10°F,
15} 00 ", .' Y*IZ — pp
B 'oF T )
g L™
10'F
E F "o
° 10’25' + Data fa,
\b 10 r L .
O i0“F 4 aMC@NLO ¥
10°F ]
104; + FEWZ (NNLO QCD + NLO EW)
J07E . L
g sE | sm-m ///Tot.unc -Theo unc. (auc@NLo)
1 A JM//V//
g o R S A v
£ 1¢E | Stat.unc. 7 Tot.unc. [¥ Theo. unc. (FEWZ)
S e b
) 77
20 30 40 100 200 300 1000 2000
m [GeV]



> T T T
8 A ATLAS ¢ Data . e e . .
T T SiguBig Fit (m 1265 Gev) Higgs ariyoruz. Ardalan biyik, parametrik fit
‘g -------- Bkg (4th order polynomial) . . .
2 2500 ile bellrlenlyor.
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Excess -> Ne kadar significant? Nasil bulus
olduguna emin oluyoruz?
Yeni fizik?
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Bu derste

Detektor bize carpismadan gelen parcaciklari verdi.

Icerisinde detektdr kosullarindan gelen sorunlar/ ¢ézuniirluk etkileri
Bunlari nasil diizeltiyoruz?

Ol¢ciim— Nasll tesir kesiti ya da diger fiziksel 6zelliklere ulasiyoruz?

Yeni fizik var mi? Yoksa nereye kadar yok? Nasil limit koyuyoruz?

—Analiz — Fizik Sonucu



36.3fb" (13 TeV)
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10°
m,., [GeV]

Detektor seviyesinde dN/dm(ll)
(bagka kinematik dagilimlar.)

Buradan ne elde etmek istiyoruz?

N =FLo
_N NsigZEO'AG
=
Nobs — Nok
Nobs = Nsig + Nbkg o= OSEA &
€
Neg=LoAe
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100 200 300 400 500 600 700 80Q, 900 100

pr'[GeV]

Parton level

1

Particle / fiducial level

1

_Detector / reconstruction level

X reco 7& Xparticle

Hangi seviyede bir 6lcim istiyorum?
Nereye kadar diizeltme uygulayacagim

10



+
H g 4 Parton level h
: s
a Particle / fiducial level
N /

1

Detector / reconstruction level

p+
Q /Ug/u- X reco 7& Xparticle

Hangi seviyede bir 6lcim istiyorum?
s N Nereye kadar diizeltme uygulayacagim
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dO’i - ]V2 — Bz
dX ﬁEzAXz

jpa,rticle — 'ireco

BIN MIGRATION |
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Gen Leading jet P, [GeV]

Parton level

i
4 Particle / fiducial level N

10% Detector / reconstruction level

N /

9 X reco 7& Xpa,rticle

Reco Leading jet p, [GeV]

Hangi seviyede bir dlcim istiyorum?
Nereye kadar diizeltme uygulayacagim
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i

N
m; =Y Rijt;
j=1

Response matrisini MC kullanarak elde edebilirim
Elimde truth (generate ettigim) ve detektor
simlilasyonum var (detaylar yarin 2. MC dersinde)

& 10"

Gen Leading jet p_ [GeV]

1102
Gerisi R’nin tersini almak (!)

t,= R'1j,. m. burada t kesin degil, yaklagik..

Not: m’den b(ardalan)’i cikarmam lazim. Reco Leading jet p, [GeV]

Bu analizde kolay, ardalan kiigtik, MC . )

kullanabilirim. Baska analizlerde farkli metodlar Rz’j £ P(Zreco|]particle)
18/08/2026
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Matrix inversion, problemler...

z

t=R'(d—-hb)

J

Gen y x sign(y.)

6d — R 16d

Kiguk salinimlar blyuk
istatistiki hataya yol aciyor

10?2

Reco y, % sign(yz)

Eger boyle bir R varsa
matrix inversion
yeterli

Ne kadar fazla
migration varsa o
zaman matrisin
tersini almak
zorlasiyor.

Acisal dagilimlarda resolution

daha iyi — Neden?
18/08/2026
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Regularisation

Matrisi 3 matris carpimi olarak tanimla: R=U > V'
V: Truth (gen) variasyonlari

U: Bunlarin detektorde nasil goriindigu

2. Detektoriin bunlara sensitivitesi

Rv.=0, u,

0, elemanlari ne kadar kiglkse 6l¢im o kadar kotu

SVD Regularisation: 0, << 1 olan elemanlari inversiona katma



Regularisation: Bias vs Smooth results

Guzel: Regularizasyon salinimlari azaltiyor

Ama: Cok fazla regularisation — Bias, sadece belli bir kismini kullanarak tim
6lciim. Bunun icin ortada bir deQer. Testlerle sonucu dogrulamak énemli

SVD tek yontem degil. Asagidaki metodlari arastirin:

—> Iterative Bayesian (D’Aghostini metodu) inversion yok
— Tikhonov inversion

18/08/2026
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Sonuglarin dogrulanmasi

Ya da: MC’yu dataya reweight
edip mukemmel MC elde et.

: R U -
Closure: Bite — duie — e

MCyi MC’yi ikiye boldim
Yarisindan Response’u elde ettim.
Daha kuguk bir siirl ‘pseudodata’
da yaratabilirim.

Bunu kullanarak alternate
unfolding. lkisinin farki: unfolding
hata pay!

7
tmc = tMC‘

Alternatif modeller kullanilarak

EMC — Treweighted unfolding. Soru: Sadece unfolding
hatasi mi1 yoksa baska etkileri de
icerebilir mi? Artik cok fazla bu
metod kullaniimiyor...

R yi kullanarak unfold ettim.



Daha detayli bir test: Pull

Closure:

MCyi MC’yi ikiye boldim
Yarisindan Response’u elde ettim

~ 7 true

Daha kiiciik bir siirii ‘pseudodata’ f; — e
epe . nll: = ——
da yaratabilirim. pull; ()
R yi kullanarak unfold ettim.
dV 4@ . d)
d® Y, f(k)

18/08/2026

Sonug¢

mean 0dan
farkli

width (>1)

width (<1)
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Figure B.3: Pull test for all jet y ranges combined.

Yorum

Bias

Hata kuguk
hesaplanmig

Hata buyuk

hesaplanmig
18



Sistematik Hatalar:

|statistiki hata paylar: Deneysel sistematik hata paylar::

Nusias  Dc Lepton enerji ve mc.)mentum. |
Lepton reconstruction ve secilim
verimlilik hatalari (Soru: Tag and Probe

1 method nedir?)
Ostat ~ N Luminosity, pileup corrections...
Unfolding

Ayrica teorik hata paylari hesaba
katilmakta

Son sonuca nasil yansiyor?



Ornegin muon momentum scale:

p—p,(1+0)

Analizi tekrar yap:

[¢2]
o

28) [pb/GeV]

540

Objects—Selection—R—Unfoldingg
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36.3 fb~' (13 TeV)

CMS

-

Measurement
MG5_aMC(0,1,2j)+PY8
MG5_aMC(0j)+CAS
MIiNNLO
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~
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Relative uncertainty [%]
w
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CMS 36.3fo~! (13 TeV)
| — Total uncertainty 76 <My < 106 GeV
| — Data stat.
[ — Unlolding stat.
I — Unfolding model
— Int. luminosity
—— Leplon energy
- — Efficiency
r — Backgrounds
[ — Jelenergy
- — Others
: i
BECAET L 102 10°
pr(e) [GeV]
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Olgiim degerleri — - 2 2 - CMS 35.91b" (13 TeV)
t—(tl,t2,...,tN) ; 1 8
© >600 00043 0.0060 0005 00008100032 0.0021-0.00019-0.0059 B
(O] = !
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— ] ! i J N
Off-diagonal elementler Vi; 20 s T Bas Bag W12 0005 0 6000
0-dan fakli — p! ) (GeV)
- Olclimiin teori ile
Correlasyon matrisi — V. . .
pig = O karsilagtirilabilmesi icin
ViV covariance matrix onemli.
21
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EPJ C 84 (2024) 154 (I. Bubanja, ..., LM, )
204 — ¢, = 1.0440.08 GeV $ DO (2000) 1.8 TeV
$  CMS (2022) 13 TeV $ CDF (2012) 1.96 TeV
18 ¢ LHCb (2022) 13 TeV & CMS (2021) 8.16 TeV
$  ATLAS (2015) 8 TeV $ PHENIX (2019) 200.0 GeV
1.6 1 $ CDF (2000) 1.8 TeV ¢ E605 (1991) 38.8 GeV
1.4
312 ]
& I
1.0 1 [ 1
4
0.8 1
} } |
0.6
0.4

Correlated or not...
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Data (unfolded, teori level) ile

teori arasindaki fark . )
ONEMLI: Bir teorist bizim

A=d—t unfolded 6lcimimdizi yeni bir
model ile kargilagtirmak istiyorsa
sadece noktalar (d) ve error

Eger correlation olmasaydi bar'lar yeterli degil.

e . 2 .o
y2 = Z (di — t:) Hepdata’ya bakiniz. Olgimlerle ile
i o} ne verilmig?

Ama tim binler bagh (correlated)

@y @o] - HEPData

Repository for publication-related High-Energy Physics data

18/08/2026 23



Biraz 6nceki 6lcim 6rneginde ardalan kiigliktl. Peki ardalan biyikse? 3 soh.  ATLAS 4 oue E
g ——— Sig+Bkg Fit (m,=126.5 GeV)
g ::gg_ -------- Bkgg (M: order polynomial) _%
. 2000F- —g
N sig — obs — kag 1800 fo-7 Tev, fLat-t 81" E
1000E" {5-g Tev, Lat=5.91b" g
5005 ) H—>vy 3
g 200E -
zwg:HhH;Au. WTEN:
2 100 E+(b) AN IRAEA M
. o7 -200E; _
Nyxkg'yi nereden biliyorum? 5 F o
o 100F Sig+BKkg Fit (m,=126.5 GeV) |
% 4ol :_ -------- Bkg (4th order polynomial) _:
g f
Woeo- TR
.e . .. ’ . : D
Az dnceki 6rnekte MC’dan aldik: o
205— & | | | | | _E
2 8¢ 3
e B )/\L Y
NMC & O+ T if LI X S .
bkg H :;E @ E
" Ttoo o 120 130 140 150 160

ilk alternatif: Control Bolgesinden almak. Ornegin higgs 6
Datacr — Nﬁg

Tek bir variable bana bu ayrimi yapamayabilir. O durumda:

18/08/2026 ABCD
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Iki variable buldum, x ve y

‘ Ylow  Yhigh
Llow D C
ZLhigh B 7’

A bolgesi sinyalimin oldugu bolge

Ny

N¢

Ng

A bolgesindeki ardalan beklentisi

pred
Ny =

Np

NpN¢
Np

ABCD

N4Np
NgN¢

PROBLEM: Korelasyonlar

Iki parametre birbirinden tamamen
bagimsiz degil. Soldaki k 1 olmayabilir.

ABCD'nin batun problemi iki iyi variable
bulmak.

Iki variable: signal-background'u iyi
ayiracak, background icin birbirinden
bagimsiz olacak.

Bu ikisini ayni anda bulmak zor.

Yapay zeka yardim edebilir mi?



ABCD— ABCDisCo(TEC) isim bulmakta da

ABCD’de x ve y’yi ben buldum

. . N
Tum variablelar kullanilarak event variables —

N
f17f2

High Energy Physics - Experiment

ki bagimsiz variable bulabilir.

Bu bana istedigim sinyal/ardalan ayrimini verebilir.
ABCDisCo metodu bunu yapiyor

ABCDisCo decorrelation'i optimize ediyor.

yaratici olabiliyoruz :)

[Submitted on 10 Jun 2025]
Machine learning method for enforcing variable independence in background
estimation with LHC data: ABCDisCoTEC

CMS Collaboration

A novel solution is presented for the problem of estimating the backgrounds of a signal search using observed data while simultaneously
maximizing the sensitivity of the search to the signal. The * *ABCD method" provides a reliable framework for background estimation by
partitioning events into one signal-enhanced region (A) and three background-enhanced control regions (B, C, and D) via two statistically
independent variables. In practice, even slight correlations between the two variables can significantly undermine the method's performance.
Thus, choosing appropriate variables by hand can present a formidable challenge, especially when background and signal differ only subtly.
To address this issue, the ABCD with distance correlation (ABCDisCo) method was developed to construct two artificial variables from the
output scores of a neural network trained to maximize signal-background discrimination while minimizing correlations using the distance
correlation measure. However, relying solely on minimizing the distance correlation can yield undesirable characteristics in the resulting
distributions, which may compromise the validity of the background prediction obtained using this method. The ABCDisCo training enhanced
with closure (ABCDisCoTEC) method is introduced to solve this issue by directly minimizing the nonclosure, expressed as a dedicated
differentiable loss term. This extended method is applied to a data set of proton-proton collisions at a center-of-mass energy of 13 TeV
recorded by the CMS detector at the CERN LHC. Additi ly, given the ity of the minimization problem with constraints on multiple
loss terms, the modified differential method of multipliers is applied and shown to greatly improve the stability and robustness of the
ABCDisCoTEC method, compared to grid search hyperparameter optimization procedures.

ABCDisCoTEC analizin asil ihtiyaci olan ABCD closure'i loss'a

dogrudan sokuyor.

ABCDisCoTEC paper



https://arxiv.org/abs/2506.08826

Zyi olctuk, peki W?

Z — pu

Z 6lcimiinde dogrudan detektor
seviyesinden unfolding yapabilmistik.
W kutlesi icin farkli bir strateji gerekli

Iki miionu da gorebiliyorum/6lcebiliyorum

miu = (pu+ + p/f)z

Neutrinolari goremiyorum — MET

W — uv
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Z kutlesini cok iyi gorebiliyorum

Bunu kullanarak W 6lcimu icin muon enerji ve
resolution kalibrasyonu yapabilirim.

Ayrica Z olaylarint W metodunu test etmek icin
kullanabilirim.

28
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mW: Unfold yerine forward fit

Burada detector effect'lerini tersine
cevirmiyorum.

Farkli m hipotezlerini teoriden ileri dogru
geciriyorum ve hangisi data'yi en iyi
acikhyor diye soruyorum

Farklh mW degerleri icin hipotezler lretip
dagilim elde et: vi(mw)

Datada gozlemledigim n.

Zor bir fit: Detaylar icin CMS

Combine tool’a bakabilirsiniz.
18/08/2026

L(mw, 9) = H Pois(ni|1/i(mw, 9))

k

Hﬂ'k(ek)

0 : systematic uncertainties

my = 80360.2 £ 9.9 MeV

Electroweak fit
PRD 110 (2024) 030001

LEP combination
Phys. Rep. 532 (2013) 119

PRL 108 (2012) 151804
CDF

Science 376 (2022) 6589

LHCb

JHEP 01 (2022) 036

ATLAS
EPJC 84 (2024) 1309

CMS

This work

CMS

mvlv in MeIV ! {
I 80353 +6

80376 + 33 [ T ——

80375 + 23 {

80433.5 + 9.4 e

80354 + 32 ————

80366.5 + 15.9 f——i

80360.2 + 9.9 e

. | ‘ ! ‘ | . \
80300 80350 80400 80450

my (MeV)
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Observed:

Expected:

Poisson:

Likelihood:

Burada:

18/08/2026

v(p,0)

VeV

n!

P(n|v) =

L(u,0) = P(datalp, 6)

u = Parameter of Interest

6 = Nuisance Parameters

Physics parameter:
[#]
Ornegin:
mw, HH, OBSM
Ama prediction ayrica:
6 = (Brumi, Oscale, OpDF, Obkg, ---)
parametrelerine bagl.

vi = vi(,6)

Sistematikler nuisance parametresi

31



Data:

Signal:

narrow resonance around

Background:

smoothly falling spectrum.

18/08/2026

H — vy

Signal 4+ Background

myg ~ 125 GeV

measured
OH

HH =

o
pr =0

Higgs yok
pa =1

Higgs SM’in
bekledigi gibi

L(MHa 9)

Burada W mass yerine fit bana

bu orani verecek

fm £ Apg

32
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2 weights - Bkg

= weights /2 GeV Events - Bkg

Higgs Search, how?

Is=
Is=

7 TeV, ﬁ_dt=4.8fb“
8 TeV, ﬁ_dt=5.9fb‘1

T T T
ATLAS ¢+ Data
—— Sig+Bkg Fit (m =126.5 GeV)
-------- Bkg (4th order polynomial)

Bl

llllllll IlII|llIlIlIHlHHllHlIHll

4  Data S/B Weighted =]
——— Sig+Bkg Fit (m =126.5 GeV) |
-------- Bkg (4th order polynomial)

IIIlmﬂlu‘mhuhllll Illllllllllll

110 120 130 140 150 160
m,, [GeV]

go = —21n \(0)

po = P(qo > q3**|Hy)

po—)Z

Z =50

BG only hypothesis’in excessi agiklama
olasihgi >5sigma — Discovery!!! 33



Ornegin:

Data'da significant excess yok.

pp— X = 070

Bulu$ yok, o da bir fizik sonucu
Teori nereye kadar datayla uyumlu

degil?

18/08/2026
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CMS Preliminary

Dataset
Run2 @3 B Ren3 (13.6Te)
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Overview of CMS EXO Results July 2026
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10°
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Hangi modeller iki lepton verebilir?

t on o/og,,

imi
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Bugunku zincire geri donelim:
Data — Objects — Selection — Observable — Inference

ML kullanilabilir:

Reconstruction
Signal /background separation
Background estimation

Unfolding
Sensitivity optimization

18/08/2026



Cut based yerine optimised selection

Cut-based:
Training:
pr>30, m>100, AR<L5 b
L pymc(z)
T = (pT7 m7 T” AR) S ') Data:
() pdata(x)
f(ac) — it Eger:
Sonra: pme(T) # Pdata(T)
s — L, 6) ML simulation'in yanlis modelledigi 6zelligi 6grenebilir.

Bir classifier S/B'yi ylizde 20 iyileStirip systematic
uncertainty'yi iki katina ¢ikariyorsa bize yardimci
olmamisg olabilir.



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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