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= s = |3 TeV'deki proton-proton carpismalarinda uretilen iki lepton iceren olaylar kullanilarak ust kuark
polarizasyonu ve ust kuark cifti spin korelasyonlarinin olgimleri.

= Veriler 2016 yilinda CERN LHC'deki CMS deneyi tarafindan kaydedilmistir ve 35.9/fb entegre parlakliga
karsilik gelmektedir

= CalismaAralik 2018'de on rapor olarak sunulmus, 2020 yilinda makale olarak yayinlanmistir, Run lll ile birlikte
birlestirilmis veriler ile tekrar yayin ¢alismalari devam etmektedir

= TTbar uretim yogunlugu matrisinin spin bagimli bolumlerinin bagimsiz katsayilarinin her birine duyarh olan bir
dizi parton duzeyinde normallestirilmis diferansiyel kesit, ilk kez Vs = 13 TeV'de ol¢ulmustur.

= Olgiilen dagilimlar ve cikarilan katsayilar, kuantum kromodinamiginde (QCD) sonraki-oncii sira (NLO)
dogruluguna sahip Monte Carlo simulasyonlarindan ve zayif ve karisik QCD-zayif duzeltmeleri iceren NLO
QCD hesaplamalarindan elde edilen standart model tahminleriyle karsilastirilir.

g"é CDS record > https://cds.cern.ch/record/2649926 | CMS Preliminary CMS-TOP-PAS-18-006
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LHC’'DE TTBAR URETIiMIVE SPIN KORELASYONU

= SM'de: Giiclii etkilesim tarafindan liretilen iist kuarklar polarize

eor 1 . - . Spin korelasyon degiskenlerinin bir
degildir ancak QCD iist kuark doniislerinin korelasyonlu olmasina

fonksiyonu olarak ttbar diferansiyel

neden olur (IM(gi/gg — tt — (£Tvb) (£~ 7D))|? kesiti asagidaki gibi tanimlanir;
g sl 9 t o t
“00000 a‘ l d?o 1+ kA;A;cosb;cosb;
_ _ _ o d(cosb;)d(cosB;) 4

g oooo0 1t g t o t
- Bozunmalar genel anlami ile top spin bilgisini tasir!

= BSM senaryolarinda: En iiste dogru azalan rezonanslar korelasyon{i * K spin korelasyon katsayisi;

degistirebilir. o = @, donme, kuantizasyon yonu ile
Top Pair Branching Fractions o
bozunma sonucu olusan pargaciginin

I+
b v "alljets"” 46%
W, momentum arasindaki acidir.
t+jets 15%
w- t t _

m 20/;’“
¥ an/e . o
E\ I- b “\mlc ,lg/;“/“ n+jets 15%

\ﬁb§ e c+jets 15%

"dileptons™” "lepton+jets”
SQUAD
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ATLAS-CONF-2018-027 from LHCTOPWG meeting by R.Poncelet

= LN I I — L0  — NNLO
g I ATLAS Preliminary — NLO & ATLAS b "
g 1.3 /5=13TeV, 36.1fb" 1" —
= ¢ Data '"_':':" < 12
i 1 o[- = Powheg Pythia8 ___ b - N ®
N e Powheg Herwig? I S . f t
oL [ === aMC@NLO Pythia8 ; 1 ® W
3 1.1} Sherpa _ B na+ LHC T3 7T6V m, = 1725 GaV b
© P Powheg Pythia6 ~ fepees Scale: Ar/4 PDF: NNPDF31nnlo
-lb L PowPy8 rad. down s “
1.0 . ¥
08 ] LHC deneylerindeki BSM aramalari su ana
o g | ] % kadar gozlemlenmedigi icin deneysel kesinlik
1.05[F B Stat. = Total e B - teoriye gercekten hassaslik olgimune dogru
8|3 + bizi zorlamaktadir! Ust kuark ciftlerinin spin
'_ ; .o . . .
0.95f ,- ] 1 1 , ] , korelasyonu onemli bir baslik haline
02 04 06 08 0o 02 04 . 0s 0s 10 .
Parton-level Ad(/*, )/ [rad/n] ey gelmektedlr

> Di-leptonik ttbar olaylarindaki spin korelasyonu, spin korelasyonlarina karsi biiyiik hassasiyet gosterir = A¢ (ll)

> Veriler, NLO tahminlerine gore farklibir davranis gosteriyor!
&§ > Son NNLO hesaplamalari aciklamayi iyilestirmis gibi goriiniiyor — Ust seviye hesaplamalar gerekli!
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polarization

SPIN KORELASYONU VE BSM MODELLERINE BAGIMLI DEGi$KENLEI}TU

SeE T aras 8
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NLO ve NNLO katkilarinin
belirlenmesi, ust kuark
ciftlerinin Spin korelasyon
etkileri icin cok onemlidir.

BSM aramalari igin faz uzayini
sinirlamak ve yeni fizik
calismalarini farkli
perspektiflerden desteklemek icin
harika bir arac!

> Di-leptonik ttbar olaylarindaki spin korelasyonu, spin korelasyonlarina karsi biiyiik hassasiyet gosterir = A¢ (ll)
> Veriler, NLO tahminlerine gore farklibir davranis gosteriyor!
&§ > Son NNLO hesaplamalari aciklamayi iyilestirmis gibi goriiniiyor — Ust seviye hesaplamalar gerekli!

SQUAD
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ANALIZ MOTIVASYONUMUZ

= Top Kuark’lar ¢ogunlukla polarize degildir (QCD'nin eslik
degismezligi)

108 [
= Ust ciftlerin donusleri glicli bir sekilde iligkilidir ve Spin = = /
korelasyonu M_,'ye baghdir: <
1ol e
= Dusuk M,: RR/LL helisite ciftleri baskin 3
o 0 L—
= Yuksek M,.: RL/LR helisite ciftleri baskm/STE
-1 ;_
= Birgok yeni fizik modeli, olgimlere duyarli olarak spin - -
polarizasyonunu ve top kuark ciftlerinin korelasyonunu degistirir! o2 Lo b b Lew i by e
250 500 750 1000 1250 1500 1750
" Analiz> Yeni fizik iddialarini arastirmak icin miikemmel Mg (GeV)
laboratuvar CMS Detektorii Analizleri: yeni araci,bozunan 1 1
yeni parcaciklar /5/7‘ Kl/
SR > ¢ 8R OR SR s ¢ SR
= Top kuark hadronlari olusturamadan bozunur! Bozunan =>_/ = :_/ =
- o /Y i/7
7 parcaciklara aktarilan spin bilgisini takip edebiliriz!
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KAZANIM —YENI BiR OLCUMLEME TEKNIGI!

= Bernreuther et.al. [JHEP12(2015)026] dileptonik kanalda. NWA'ya gore uretim ve bozunma faktorlere
ayrilabili. NWA’ya gore (!)-> liretim ve bozunma faktorize edilebilir - segmentasyon

M (ad/ st — (PHub) (P Th ZNTT’ RE p/ p :topdecay density matrices
44788 PRE

R :Spindensity matrix

R x [A]I@]I + Bfo'®I + B I®c" + C,Zajaz®a«’]

R spin bagimli t and t™ spin | | ] | [

bagimh ayristirilabilir . | |

total cross-section 3— vectors of functions 3x3 matrix of functions

and top kinematics  characterizing tt polarization
along each axis

characterizing spin

correlation of tt

= Her ikisi de fonksiyonu ve top kuark sagilma agisidir

T

SQUAD
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GOZLEMLENEBILIRLER

= TTbar bozunmasinin son durumunda iki lepton arasindaki azimut agisi, ttbar sistemini yeniden
yapilandirmadan spin korelasyonunun arastirilmasina olanak tanir.

= TTbar sistemi tamamen yeniden yapilandirildiginda: gcerceve problari korelasyonu

= Bozunma sistemi icerisinden duragan durumda odlc¢ililen lepton momentumlari arasindaki
azimut acisi

= |ki leptonun helissel (sarmal) agilarinin kosinusiiniin carpimi ayni zamanda spin korelasyon bilgisi de
saglayabilir.

= Korelasyonun giicii niceleme ekseninin secimine baghdir!!

f}ii and @ij can be further decomposed in terms of orthonormal basis {12,?,

1 do

G dcos Gid COS 9{

] . . . . : :
=—(I+ B, cos0’ + B’ cos8’ - Cl.j cos0’ d cos6’)

T

SQUAD
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] ] | |
_do ~(1+ B, cosH.,)

o dcos@f_F 2

ldo 1 —J
———=—-C.x)In(|x
S 2.( ,{)(H)
x = cos 0, cosb),

; ldo 1, GC;*C, .
= (1-—L—Lx)cos | x|

. cdx 2 2
o5l l,] = k,r,n x=coseicoseficosei cos0’

%§ K spin korelasyon katsayisi;

SQUAD Courtesy J. Linacre, D. Dobur
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GENERAL STRATEGY

. Olay secimi
cosQ = v I3 7 , sensitive to diagonal C coefficients (D=-(C,, +C_+C, )/3

nn

Il. KinematikYapilandirma
cos,, = 1" 15"

| AD(LL) |

Ill. Ardalan Cikarimi

V. Dedektor etkilerini ve kabulunu duzeltmek

icin TUnfold’u teknigi ile dagilimlari parton & 6(+4) cos®’ distributions for B,

seviyesinde incelenmesi : o
/ + 3 Cos 9’1 COS 9’2 distributions for the C.

V. B, C,ve D katsayilarinin cikarimi. +6 cos 93 oS Oé +cos 9{ oS 9; distributions for the C; +C

VI. llisikilendirme: SM simiilasyonu ve
katsayilarin “NLO” hesaplamalari ile
karsilastirma

+ cos( distribution
+ 2 laboratory frame dilepton angular distributions

22 katsayinin tumu normallestirilmis diferansiyel kesitler kullanilarak olgulebilir

T

SQUAD
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Measurement of the ttbar spin correlations and top

quark polarization

OBSERVABLES AND COEFFICIENTS FOR THE ANALYSIS

T

SQUAD

Observable Measured coefficient | Coefficient function

cos 0} BY )

cos 0% BX

cos 6] Bj

cos 03 By Referans eksenleri i ile Ust
cos 07 BY . .

cos 6! Bl ve antitop polarizasyon
cos O~* BF* katsayilari

cos 65* B+

cos 67 B}*

cos 65 By .

cos 6} cos 63 Cick Her bir i icin Diyagonal
cos 0] cos 05 Cr — .

cos 81 cos 6 Co (¢apraz) spin korelasyon kts
cos 8] cos 6’2‘ + cos 9’1‘ cost | Cy + Cyr

cos g}: cos %’z‘r — cos f;’li Cosz% grk - gkr Sums and differences of the
cos ¢/} cos b, + cos b cos + ; 8 .
cos 9% cos 95 ~ cos 9% os 951 C:: N C;Z Xdiagonal spin correlation
cos 87 cos 9’2c + cos 9"1‘ cos 0y | Cpr + Ciy coef. for each pair i,j

cos 07 cos 65 — cos 05 cos 03 | C — Cppd

cos ¢ D —(cxk + Crr + €un) /3

COS QPlap A 9 N/A

Al Alagy| N/A

‘ Correlation I

sensitive to

C(n, n) rfm

C(r, 7) R

C(k, k) iy

C(r, k) +C(k, 1) el

C(n, 1)+ C(r,n) .

C(n, k) + C(k, n) ('Ln

C(r, k) — C(k, ) ct

C(n,r)—C(r, n) (',{,

C(n, k) —C(k, n) —c!
Bi(n) + Ba(n) b,’f B b!]_
Bi(n) — Ba(n) b,l,+ - b,’,’
Bi(r) + Ba(r) | bl +bl-
Bi(r) — Ba(r) | bt —bl-
By(k) + By(k) | bl+ +bf-
Bi(k) — Ba(k) | byt — by
By(k*) + Ba(k*) | bl+ + b~
By(k*) — Ba(k*) | bi+ —bi-
By(r*) + Ba(r*) | b+ 4 bI-
Bi(r*) — Ba(r*) | It —bl-

P-, CP-even
P-, CP-even
P-, CP-even
P-, CP-even
P-odd, CP-even, absorptive
P-odd, CP-even, absorptive
P-even, CP-odd, absorptive
P-odd, CP-odd
P-odd, CP-odd
P-, CP-even, absorptive
P-even, CP-odd
P-odd, CP-even
P-odd, CP-odd, absorptive
P-odd,CP-even
P-odd, CP-odd, absorptive
P-odd,CP-even
P-odd, CP-odd, absorptive
P-odd, CP-even
P-odd, CP-odd, absorptive

Gozlenebilirler ve bunlara karsilik gelen olgulen
katsayilar ve uretim spin yogunlugu matrisi katsayi
fonksiyonlari olarak betimlenmekte. Laboratuar
cercevesindeki gozlemlenebilirler igin katsayi
fonksiyonlariyla dogrudan bir ortusme yoktur
bunlarin eklenmesi gerekli

10.1007/JHEP12(2015)026

Bernreuther et. al.
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OLAY SECIMI KRITERLERI

» TTbar olaylarinin nispeten saf ornegi (%80)

ore w+
» t — Tvb ardalan olarak kabul edilir
» Kinematik yeniden yapilandirmadan elde -
. . .. w- ¢ t t
edilen ilk 4 vektor G
. : . y b
> Jetlerin, leptonlarin ve bjetlerin olasi tum
atamalari ¥
9. . . —_
» My, M ve Er Ui eklenir edin = pT (v)+ pT
(V) %90 verimlilik * Two oppositely charged leptons ee, UL, el Top Pair Branching Fractions
o e pp(D)>25(20) GeV Laliots” 4o
» MC cesitliligi: MADSPIN ve Fx-Fx ardalaniile |, .30 cev
NLO MG5 aMC@NLO'da POWHEGv2 ¢ N2, Ny 21 ) %
(DY,WHjets, ttW/Z) « m((0)>20 GeV o5
‘)‘% «In ee,ull channels, Zveto & Ef™ >40 GeV  wgianions T iepionsiete”
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Measurement of the ttbar spin correlations and top quark polarization

OLCUMLER |

= Olguimler Ust polarizasyona duyarlidir ve veriler beklenen SM degerleri ile uyumludur

«i0° CMS Preliminary ~ 35.9 b (13 TeV) «1g° CMS Preliminary ~ 35.9 b (13 TeV) «10° CMS Preliminary ~ 35.9 b (13 TeV)
- 30T e — 30 F e e — 0T T e e e
g [ ¢ Data [ singlet [ ]ti+zw S I ¢ Data  [[singet [ ]ti+zw S ¢ Data [l singet [ Jti+zw
% 3 Bltisigna [ w+jets [ |Diboson 0 B signal [ wsjets [ Diboson % Wltsigna [ w+jets [ Diboson
qc_) 20 I Miother [l z+jets Uncertainty QCJ 20 B M toter [l z+jets Uncertainty GC) Mtotrer [l z+jets Uncertainty
> Z > >
L 7% L r L
v
of 0
116 1.1
S g3 o3 ’ 7
o A A Sl Slc b 7 7
0.9 0.9
-1 05 0 05 1 - 05 0 05 1
cost cos6]

-~

€+

beam
)

T

SQUAD

=
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OLCUMLER I

= Olglimler Ust polarizasyona duyarldir ve veriler beklenen degerler ile uyumludur

«10° CMS Preliminary ~ 35.9 b (13 TeV) «10° CMS Preliminary ~ 35.9 b (13 TeV) «10° CMS Preliminary ~ 35.9fb" (13 TeV)
"_. 30l||||l||l|||||||||||||||||||||||||l||l| "_. 30l|l||l||l|||||||||||||||||||||||||l||l| "_. 30||l||l||||||||||||||||||||||||||||l||||
e I ¢ pata  [[llsinglet [ Jtt:zw e ¢ pata  [[llsinget [ Jttizw | e ¢ pata  [[llsinget [ Jttizw
2] F Bisigna [ wijets [ |Diboson §2] Bl signa [ wijets [ |Diboson : 12] Bl signa [ wjets [ |Diboson
QC_) 20 N Mtiother [l z+jets Uncertainty o QCJ 20 B Mitother [l z+jets Uncertainty | QCJ Mitother [l z+jets Uncertainty
> ) > >
L r - L r 3 ] L
10
E 0
11E 14
b g ? % gl k] el 2
SDL_ ?y ’ rr///'////"r' _rr/_//{:‘ gae_ 85 iﬁ///,vw,v/,,,,, ok
0.9F ' ' 0.9
1 05 0 0.5 1 - ) ) '

k
coso,

T
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OLCUMLER I

«10° CMS Preliminary ~ 35.9 fb™ (13 TeV)

«10° CMS Preliminary ~ 35.9 b’ (13 TeV) 40 «10° CMS Preliminary ~ 35.9 fo'' (13 TeV)

1_. 80IIIIIIIlIIIIIII|III|III|III|III|III|III 1—. _|||||||||||||||||||||||||||||||||||||||_ E) 30_ LI LN L L L L L L L L L LI DL L I
S I ¢ pata [l singlet [ Jti:zw ] S ¢ Data  [Msinget [ Jttzw —_ ¢ Data B singet [Jtirzw
2! sol Wtisigna [ wsjets [ ] Diboson 0 a0l B tisiona [ Wsjets [ ] Diboson o B tsigna [ wijets [ |Diboson
- — ~
qc_, L Mtiother [l Z+jets Uncertainty q:) - Miother [l z+jets Uncertainty [%) [Cttother [l Z+jets Uncenaigty y
= I > — ’ 7]
L 7 L L i () 2k
20 AT i
10f
OF E = B
L E J
1.1 Z 4 1.1 —
st 7 sis 7 o
88 W i o ks
’ Z 72 (a1
0.9_4 Z2 Z 0.9:— = 3
-1 -0.5 0 0.5 ] k1 -1 -0.5 0 ] 0.5 ) 1 0 ] > 3
cos8;coso C0s8.c0s0,-cosh;CcOsO; |AO |
1 2 1 2 1 2 Il

m  Gozlemlenen ve beklenen dagilimlar arasinda genel olarak iyi bir
uyum gostermekte

= Belirsizlikler icerisinde bazi kuguk gerginlikler var

T
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OLCUMLER IV

~ g0l GMS Freliminary 3591 (13 TeV). ~  sopie: GMS Frelminary 3591 (13 Tev).
__D_- l iDatla |=Silnglet| %lm—Z/:N I __O_ I l;Datla |=Silnglet| %IW—Z/LN I
oo . . . 0 1t signal W-jets Diboson w it signal Wijets Diboson
= Ust kuarklar igin cosg'nin yeniden yapilandiriimis S oo  Mioner Ezdes  EAurcersny S ol Euoner Ezdes  EZurerany
d [ I °° . * * Lﬁ Lﬁ
agihmi. Ust kuark polarizasyonu k* ve r*referans
eksenlerine gore olgulur.
. . [ [ ] .
= |y, isaretine bagh olarak tk veya *r'ye esit olan
degistirilmis k* ve r* eksenlerine dayanan dort 58 5
cosB1,2 dagihmi = |y, |, laboratuvar ¢ergevesindeki t . S . |
ust kuark ve antikuark hizlarinin modulleri cos®;
arasmdaki far'l(. — _ goxio’ CMS Prefiminary 3591t (13 Tev)
S' ¢ Data W singlet [ Jii+zw S ¢ Data Wl singlet [ Jii+zw
v o . o iZ) B i signal [ w+jets [ Diboson F2] 3 M i signal [ wijets [ Diboson
= Degistirilmis eksenlerin kullanimi, faz uzayinin farkli £ I — N S f  Eiow Bzee Do
alanlarindaki katsay: fonksiyonlarini arastirir - *
= yani P-tek dort-kuark operatorlerinin farkli
kombinasyonlarina duyarlilik
£ L _
‘ ﬂ - 05 0 05 1
\ﬁb§ cosek’
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BASIT ANLAMI ILETUNFOLD

T

SQUAD

>

Unfolding (Acma): Dedektor etkilerini diizeltmek icin yeniden 8
olusturulan miktarlarin gercek miktarlarla eslestirilmesi. X A edededede

Teknik: Dagilimlari parton seviyesine kadar agilir (TUnfold yontemi N e o
(arXiv:1205.6201)) S oo

Bias etkilerini ortaya ¢ikmasini azaltmak icin optimize edilmis bir yontem: f 2 - V' detsotor ranciution | ;
Uretimdeki yeni fizik etkilerinden etkilenmeyen, parton diizeyin E 2 W statistical fluctuations
bilinen fonksiyonel formlara dayali diizenleme T | y

Deneysel ve teorik modelleme belirsizlikleri, her biri sistematik bir

degisimle tekrarlanan aciklamalarla tahmin ediliyor Hem ardalan hem de olasiliklar matrisi,
istatistiksel belirsizliklere ek olarak dikkate
alinmasi gereken sistematik belirsizliklerden

Cesitli diizenleme kosullarinin esnek ve seffaf uygulanmasini saglar dolay: ele alinmalidir > TUnfolding
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PARTON SEVIiYESINDE DAGILIMLAR

|18

E=4
8=
©

—lo

T

SQUAD

0.5f

0.4

0.3

0 16

CMS Preliminary
-—

35.9fb (13 TeV)
T T T T

« Unfolded Data
r — POWHEGV2 + PYTHIAS
I -- MG5_aMC@NLO + PYTHIAS [FxFx]

---NLO, SM

-- NLO, uncorrelated -

n/S n)2

= Veri kayaslamasi:

on/3  51/6

CMS Preliminary
—

35.9 fb (13 Tev)

1
c

o

[¢)]
T

| e Unfolded Data
r— POWHEGV2 + PYTHIA8
L -- MG5 aMC@NLO + PYTHIA8 [Fxe]

NLO SIVI
- NLO, uncorrelated

L, senstive to ]

cosq)—ﬂ
= (CM+C +C,m)/3

| mStat

Stat & Syst-- ]

-0.5 0

* NLO tahminleri POWHEG ve MADGRAPH

* NLO (QCD) + EWK dizeltmeleri (JHEP 12 (2015) 026, W. Bernreuther, et.al)

* NLO spin korelasyon katkilari olmadigi durumlar

CMS Preliminary
- 7

35 9 fb (13 TeV)

a h 4
o~ 1 * Unfolded Data NLO s -
.8 8 r — POWHEGV2 + PYTHIA8 -- NLO, uncorrelated
_8 I -- MG5_aMC@NLO + PYTHIAS8 [FxFx] |
—lo 0.8F ==
| oS (Jub (qu')
0.6 lab — _
-
________ P o
0.4 e e T
C L ' | L L
1,05 ™ Stat ' Stat @ Syst |
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Measurement of the ttbar spin correlations and top quar

TOP POLARIZASYONUNA HASSASLIGI

CMS Preliminary 35917 (13 TeV)
X — T T T T T T " T T T T
o Ty « Unfolded Data ----NLO, SM
Tl 8 | — POWHEGV2 + PYTHIA8 -~ NLO, unpolarized |
o -- MG5_aMC@NLO + PYTHIA8 [FxFx]
—lo 0.55f .
,i AR M G- =
05 i T _f_ T _I_ % |
0.451 —
L L | L L l
1.05 Stat Stat @ Syst |
>
e t
0.95 ,_

T

SQUAD

CMS  Preliminary 3597 (13 TeV) CMS  Preliminary 3591 (13 TeV)
o i T T T T T T T T T T c - i T T T T T T T T T T
ol D e Unfolded Data .--NLO, SM 1 o3 e Unfolded Data ----NLO, SM
§e) 8 | — POWHEGV2 + PYTHIA8 -~ NLO, unpolarized | S| 8 | — POWHEGV2 + PYTHIA8 - - NLO, unpolarized |
© L -~ MG5_aMC@NLO + PYTHIAS [FxFx] ] © L -~ MG5_aMC@NLO + PYTHIAS [FxFx]
—lo 0.55f . —lo 0.55F -
R LT y R
0.5 . . -i- + I 0.5 rfrrererrmper I +- , 3
0.45f ] 0.45_— i
L L l L L l L L L L L L l L L 1 |
_ 1.05 | mStat  Stat @ Syst _ 1.05 Stat  Stat ® Syst
SIE 1 SIE 1 |
cla <o | ] e
~ i (=
0.95 0.95
— —1 0.5 0 0.5 1
n
cosb,

Top quarks are unpolarized!



Measurement of the ttbar spin correlations and top quark polarization

rd International Turkey-Iran Joint Conference on LHC Physics

TOP POLARIZASYONUNA HASSASLIGI

CMS  Preliminary 35.9 b (13 TeV) CMS Preliminary 35.9 b (13 TeV) CMS Preliminary 35.9 b (13 TeV)
< T T \ T ‘ T ‘ T \ T ‘ . ‘ T \ T ‘ T ‘ T \ T ‘ c o ‘ T \ T ‘ T ‘ T \ T T
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B|Q | —POWHEGV2+PYTHIA8  -- NLO,unpolarized | O | —POWHEGV2+PYTHIAS -~ NLO,unpolarized |  O| 3 | —POWHEGV2+ PYTHIA8 -~ NLO, unpolarized |
B | -- MG5_aMC@NLO + PYTHIA8 [FxFx] ] ge | - MG5_aMC@NLO + PYTHIA8 [FxFx] ] ge L -~ MG5_aMC@NLO + PYTHIA8 [FxFx]
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0 5:__--_-_1_-_-; N T :l: R 0 5_ i_ T -l_ T + ] 0 5_ _______________ -1_ T R W :{:
IR T & e S B A
0.45r 1 0.451 1 0.45- .
L L | L . | . L L . . L | L . | . L L . . . | L . |
1.05 Stat  Stat @ Syst ] 1.05 Stat  Stat @ Syst 1.05 Stat ~ Stat @ Syst
Sls 1 2= :
B BE
= l.““-I.,,,m.,., =
0.95 - 0.95
-1 -0.5 -1

T
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KORELASYON MATRISI

Normallestirilmis diferansiyel kesitlerin olgulen tum kutulari icin toplam istatistiksel ve sistematik korelasyon
matrisi (her degisken igin 6 kutu). Olgulen 132x132 istatistiksel ve sistematik korelasyon matrisleri. Olgulen
diferansiyel kesitlerin herhangi bir kombinasyonu ile yorum yapilmasina olanak saglar

. . _1
CMS  Preliminary 35.9fb" (13 TeV)
- - - c
e AIAo'I = e A‘“‘”.‘ |
lab
AZ, 0.8 A
D ' D
C.C. CiCn
C,.+C, 0.6 C,+C,,
c,C. G, C,
C,+C, 04 C,+C,
CyCi Cm'ckr
C,+C,, 0.2 Cu+Cy
C., C.n
o] C
. 0 -
C Cu
B; B
B -0.2 8"
Bl 1
Bl BY
2

B 0.4 BY
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B] 0.6 B
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B, 08 B
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0 § e

W m e d ey e 800000 oo O 8o
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T

SQUAD

TOP POLARIZASYON KATSAYILARI

= 6 katsayinin tamaminin deneysel belirsizligin bir sigmasi dahilinde (neredeyse) sifirla uyumlu oldugu ve SM
beklentileriyle iyi tutarhlik gosterdigi bulunmustur.

CMS Preliminary 35.9 b (13 TeV)
—e— Data —+— POWHEGV2 + PYTHIAS
—=— NLO calculation ~ —*— MG5_aMC@NLO + PYTHIA8 [FxFx]  result + (stat) + (syst)
k , T SR
B, . e 0.005 + 0.010 + 0.021
B} : e 0.008 + 0.010 + 0.021
B —————t—1 10.023+0.011+0.013
B, b . 0.010% 0.011 0.017
B e 0.006 + 0.009 + 0.010
B wy e 0.017+ 0.009 + 0.009
| | | | | ] 1 | 1 | | | 1 | 1 | 1 | 1 | 1 | 1 | 1
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Polarization

Olgiilen polarizasyon katsayilari ve bunlarin toplam
belirsizlikleri.

POWHEGV2 simulasyonundaki katsayilar, istatistiksel
ve olgek belirsizliklerinin bir kombinasyonu ile

belirtilirken, MadGraph.5/_ aMC@NLO
simulasyonunun belirsizlikleri yalnizca istatistikseldir.

Hesaplanan katsayilar olgek belirsizlikleriyle birlikte
alintilanmistir

22
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SPIN KORELASYON KATSAYILARI VE ASIMETRILER

= Spin yogunlugu matrisindeki diyagonal elemanlar ve spin yogunlugu matrisindeki diyagonal olmayan
elemanlarin incelenmesi

CMS Preliminary 35.9 fb' (13 TeV) CMS Preliminary 35.9 b (13 TeV)

—e— Data —— POWHEGV2 + PYTHIA8 —e— Data —— POWHEGV2 + PYTHIA8

—8— NLO calculation  —*— MG5_aMC@NLO + PYTHIAS [FxFx] result + (stat) £ (syst) —=— NLO calculation  —*— MG5_aMC@NLO + PYTHIAS8 [FxFx] result + (stat) + (syst)

C. bt 0.299 £ 0.022 £ 0.031 C,tC, +—+Sp—— 0.193+0.035 + 0.053

C. io+=e— 0.080+ 0.023  0.023 C...C. o H—e—H 0.057 + 0.035 + 0.029

C.. Ht—  0.329%0.012+0.017 C,+C., e -0.004 + 0.028 + 0.024

-D o 0.237 + 0.007 + 0.009 C..-C.. & — -0.001+ 0.028 + 0.025

AP et 0.167+ 0.003 + 0.011 C +C 0.043+ 0.031+ 0.026

coso = 167+ 0.003 + 0. nkFCun H—e—H] -0.043+ 0.031+ 0.
AIAcp,,I He L, 0.103 + 0.003 + 0.008 C...C., ¥ H—e— 0.040 £ 0.025 + 0.016
| | | | | | | L | | | | 1 | | I | | | | | | | | L1 1 1 ‘ 11 1 1 | 1l 1 1 1 | L 1 1 | | 1L 1 1 | | 1L 1 1 1 | [ | L1
0 0.1 0.2 0.3 0.4 05 -04 -0.3 -0.2 —0.1 0 0.1 0.2 0.3

a2 Spin correlation Cross correlation
*-ﬁ»§

SQUAD
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= Olgiilen tiim katsayilar ve laboratuvar ¢ercevesi asimetrileri icin toplam istatistiksel ve sistematik korelasyon matrisi.

CMS  Preliminary 35.9fb' (13 TeV) 1 CMS  Preliminary 3597 (13 TeV)

A a9 |
A lab

cosp

Coefficient
Coefficient

C,C

nk~kn

C.+C,,

ke

Crk+Gkr

SQUAD
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= Cesitli BSM senaryolari, anormal Kromomanyetik Dipol Momenti (CDM), degistirilmis kesitler ve top
kinematikleri ongormekte ve buna dair bize ipucu vermektedir

= NLO hassasiyetinde anormal CMDMYyi sinirlamak igin etkili alan teorisi gergevesini kullanilir

Owc = y18s(Qo™' T"t)pGy,

= O, en ytiksek kiralite (chirality) degisimini tetikler, spin yogunlugu matris ol¢timdi, test icin miikemmel bir zemindir
= Sinyal 6rnekleri MG5_aMC@NLO+MadSpin+Pythia ile iiretiimektedir

= Parton seviyesinde 20 normallestirilmis diferansiyel dagiim ve kovaryans matrisi kullanilarak y, minimizasyonu yapilir

T

SQUAD
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CDM MODELLERININ KISITLANMASI

= Yalnizca Ay, kullanilarak elde edilenlere kiyasla ~%55 daha siki kisitlamalar (arXiv:1811.06625 CMS)

= En buyuk kisitlama: D = -(C,, +C_ +C_)/3 ancak tum olgumler katkida bulunur

-
R o o rr e r e o "] 8 [ CMS Preliminary A=1TeV 35.91b7 (13 TeV)]
< [CMS Preliminary A=1TeV 359fb"(13TeV)] = [ Y ( -
i 15 F -
- - C B . 7
s 1 8 0.4 SM expectation
; {2 t — 1o band i
- 18 T 20 band ]
i 1 B nal b
s 1 e 0.3p 1
I , 1 5 L i
i — Nominal (all) i i -
I B+ 1o (all) - 0ol ]
41— * 20 (all) — s -
-\ .. Nominal (linear) 7 i i
i —— + theory (all) . -
ol A\ /) + theory (linear) _| 0.1~ N
i — - theory (all) i 2 minimizasyonuna her seferinde bir dagilim eklenmesi |
: """ - theory (linear) : -durumunda C /A, lizerindeki toplam belirsizlikte azalma-
1 | 1 1 ] I 1 1 1 0O S+ - E ST, T80 m 2.5 Sy W Y-m
=% ° 0.2 0.4 JE TR oRYT
2 ) = X E £ =
SQUAD Cg/ A [TeV] b 5 Q9 Q
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Measurement of the ttbar spin correlations and top quark polarization

TOP KUARK CIFTLERI SPIN KORELASYON OLCUMU OZET

= Ust kuarklarin tam donis yogunlugu matrisi,
parton seviyesinde 22 normallestirilmis
diferansiyel kesit kullanilarak olguldu ve ttbar
uretim yogunlugu matrisinin ust kuark spinine
bagli bolumlerinin tum bagimsiz katsayilari ilk
kez V=s=13TeV'de arastirildi.

= Spin polarizasyonu ve Spin-korelasyon katsayilari
basariyla ¢ikarildi

= Tum sonuglar NLO tahminleriyle tutarli bulundu
= Ustlerin CDM'sine yonelik en iyi kisitlamalar elde

edildi

T

SQUAD

Compatability with SM

CMS Preliminary 35.9 b (13 TeV)
—e— Data Standard model
g * (stat) % (syst) + (theo)
C ——e—+1 0.90 + 0.07 + 0.09 + 0.01
C, i . — 1.13+0.32+0.33+0.12
Cih —— 1.014 0.04 + 0.05 + 0.01
C.+C,, . . . . : 0.94+0.17 + 0.26 + 0.01
D HeH 0.97 +0.03+ 0.04 + 0.02
lab
Acosp H —e—t ! 0.74+0.07+ 0.22 + 0.07
——+o—+— .10+ 0.04 +0.09 + 0.
AWP..' 1.10+0.04 £ 0.09 £ 0.12
| | | | | | | | | | | | 1 | | | | | | |
0.5 1 1.5 2

SM spin correlation fraction fSM
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ITUHEP ANALIZ ALTYAPI SURECLERI VE VERI BILiMi

ITUCON | Histograms I
! MW]WWMF |

- == == -_-_ - - - - -_e_e_e_—e—_——- |- = = = - I Bl Ly oy o o TLF I
| - e e e e e e e

Visualization

Sherpa hepmec >

Hadron Level

I
I I ML Methods I
] Run cards Delphes | TOPSPIN
Madgraph T‘he—b-—mm__; /( I \l._, ’ I
e R | |
1 Docker Container | I I
_______________ A oo omm e o omm | 1
Monte Carlo Generator Pipeline Physical Analysis I o
I ]
.. - Machine Learning Pipeline
Analiz suregleri ug temel yapidan olugsmaktadir.
* Monte Carlo Uretimi Sirecleri
* Fiziksel Analiz
* Makine Ogrenimi Islem Suregleri
*w% Dorukhan Boncukgu

SQUAD
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ITUHEP ANALIZ ALTYAPI SURECLERI VE VERI BILIM

ITUCON | Histograms I
| T I
e 1"?%“
| M'MT Iﬁ i ”H"T‘L‘; |
R R . | : |
I I L V—. - F —. - e . .
iIsualization
Sherpa hepmc > \{ I I_ _______________ :
I J ! ML Methods I
Run Cards Delphes | BN | TOPSPIN
I Library
I Madgraph — "—» — hepme—P _/f Memo ry I | \H’ |
e I B I
| Docker Container ! I |
Monte Carlo Generator Pipeline Physical Analysis I I
| |

Machine Learning Pipeline

Monte Carlo Siirecleri
Tum analiz sureglerinde bu adiminin temel amaci, olusturdugumuz
docker konteynerini hafizaya kaydederek ust kuark polarizasyonu ve
spin korelasyon parametrelerimiz i¢in olaylarin olusturulmasidir.

%g Olaylar tt ve SM ardalan katkilarini barindirmaktadir.
SQUAD
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Visualization

| I
Sherpa hepme > \l\ l
! . : ML Methods
|
|

EEEEEE
| Run Cards Delphes > B N | T(B_PSPIN I
ibrary
) I Parquu\ I
: ] :
EEEEE Dt
| Docker Container I I |
|
|
|

Monte Carlo Generator Pipeline Physical Analysis

Fizik Analizi Machine Learning Pipeline
* Buadim igin belirli amaglara yonelik bir python kutuphanesi yazilmistir.
* Bu amaclar parcaciklarin yeniden yapilandirilmasi, Bernreuther parametrelerinin
hesaplanmasi ve veri tipinin agagtan tabloya (kok -> veri ¢ercevesi) donusturulmesidir.
* Veri tipi degisikliginin nedeni, makine ogrenmesi algoritmalarinda agag yapisi yerine tablo

\q% yapisinin kullanilmasinin ¢ok daha kullanish ve verimli olmasidir.
SQUAD
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ITUHEP ANALIZ ALTYAPI SURECLERI VE VERI BILiMi

<

SQUAD

Kolmogorov-Smirnov Tests for BSM and SM stograms |
——- Critical Value " ’ I
0.06 s
. Statistic I
—e— P Value - 0.8
=77 005 I
' lalization
| Sherpa 0.04 - o8 - e e e e e e ==
= w
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] Run Cards E 0.03 A » = [ 37
- U.4 o
: e 002 __BA . !
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ADVERSARILLY LEARNED ANOMALY DETECTION (ALAD)

/ \ = @ \ = Prediction
Anomaly % Model for

ALAD Dzz S5cofe Probability of |Probability >
s

Computing Being

Parameters

\_ Y, \ Y, ey

Adversarially Learned Anomaly Detection(ALAD) Karsithk Ogretilmis Anomali Tespiti (ALAD), verilen bir olay
setinin GAN (General Adversial Network) tarafindan yeniden yapilandirilmasindan ne kadar uzakta oldugunu
degerlendiren, yeniden yapilandirma tabanli bir anormallik algilama teknigidir. Normal olaylarin dogru bir

sekilde yeniden yapilandirilmasi gerekirken, anormallik iceren olaylar kot bir sekilde yeniden yapilandiriimasi
beklenmektedir.

Boylece denetimli 6grenme yontemleri kullanilarak anormallik olup olmadiginin tahmin edilmesi icin

kullanilan anormallik puanlari elde edilir.
a7 celya Giingordii
ﬂé A Iy Gii g6 dii
SQUAD
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Latent Space: Uretken
mimarilerde, Gretmeyi
amacladiklari verilerin temel
dagilimini yakalamak ve
temsil etmek icin kullanilan
Gizli Alan

T

SQUAD

ALAD YAPISI

@

7,2 X, G(E(x)
o> | 2 X '@
z, E(G(z)) X, X

(500)

Latgnt space Real Data Space
(Noise data) (SM & BSM coctail)

Real data space

Gergek veri alani, gercek
veri orneklerinin
bulundugu yiksek
boyutlu alani ifade eder.
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Jenerator G ile gosterilir. Gizli
bir "z" degiskeni alir ve "g(z)"
ciktisini Uretir.

T

SQUAD

o

z, E(G(2)

!

Uretec Modeli

Kodlayici Model

X, G(E(X))

Kodlayici E ile gosterilir. Gergek veri
"x"i gizli uzaya esleyerek "E(x)" Uretir.

34



rd International Turkey-lran Joint Conference on LH Physics Measurement of the ttbar spin correlations and top quark polarization

Ayirac Modelleri

X, G(E(x))

Gergek veri 6rnekleri "x" ile olusturulan érnekler "G(E(x))" arasinda ayrim yapan D,, ayirici modeli.
D,, ayirici modeli, kodlanmis gergek veri "E(x)" ile gizli degisken "z" arasinda ayrim yapar.
Gizli degisken "z" ile olusturulan bagska bir gizli gésterim "E(G(z))" arasinda ayrim yapan D,, Ayirici.

g
SQUAD
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ALAD ALGORITMASI

Measurement of the ttbar spin correlations and top quark polarization

Gl \ input: | [(None, 16)] ]
J InputLayer ‘ output: I [(None, 16)] J

. | G.1 l input: ‘ (None, 16) |
| Dense | relu [ output: l (None, 257) |

G_2 \ input: ‘[None, 257) |
| Dense | relu ‘ output: ‘ (None, 187) |

E1 | input: { [(None, 37)] |
InputLayer | output: { [(None, 37)]

T | E_ 1 l input: ‘ (None, 37) |
| Dense [ leaky relu [ output: l (None, 407) |

E 2 input: | (None, 407)
T
| Dense [ leaky relu [ output: ‘ (None, 367) |

\
h
'
I GO [ input: [ (None, 187) ]
| Dense I linear | output: [ (None, 37) “

'
HiN E O [ input: | (None, 367) |
: [ Dense 1 linear I output: [ (None, 16) |

36

[ D.G_1

} input: I (None, 37)

[ Dxx_153454 [ input: | [(None, 37), (None, 37)]

Dxx_1

input: I [(None, 37), (None, 37)] |

(None, 74)

‘ | Dzz_concatl I input: | [(None, 37), (None, 37)] r

I Concatenate I output: |

l Dense I linear J output: I (None, 177)

] Dzzbar_concat1 I input: N [(None, 37), (None, 16)] I
(None, 53) I

] Concatenate Ioulput:l

[ DE_1 [ input: | (None, 16)
1 Dense ] linear I output: [ (None, 387)

j Concatenate J output: 1

(None, 74)

|
| | Concatenate

output: I

(None, 74)

I

(None, 127)

’ T [ Dzz_concat2 | input: | [(None, 74), (None, 53)] r

‘ Concatenate | output: |

Dzz 2 input: [ (None, 127)
T
| Dense ] linear | output: | (None, 427) ]

T‘ Dzz_3 j input: ](Nane, 427)|
| LeakyReLU | output: | (None, 427) |

l Dzz_4 | input: ] (None, 427) i
J Dropout I output: ] (None, 427) i

’ T

[ Dzz_O | input: | (None, 427) |
T | Dense J sigmoid | output: | (None, 1) J

T

SQUAD

| T

l

D G2

input: | (None, 177) I

| LeakyReLU

output: I (None, 177) |

‘ T

| D_G_3 ] input: |(Nona. 177)|

[ DEz2 [ input: | (None, 387) |
| LeakyReLU | output: | (None, 387) |

D_E_3

| Dropout ] output: | (None, 177) |

| input: } (None, 387) I

I
’ | BatchNormalization | output: ] (None, 387) ]

’ T

D_1 input: | [(None, 387), (None, 177)] ]

I Concatenate

output: | (None, 564) ]

| D_3 [ input: [ (None, 564) |
IDense l Iinearl output: | (None, 317) |

[ D4 T input: [(None, 317)]
i | LeakyReLU | output: | (None, 317) |

TI D5 I input: I(Nons, 317) ‘
[ Dropout ] output: ] (None, 317) ‘

T DO | input | (None, 317) |
| Dense | sigmoid | output: | (None, 1) |

| T

I Dxx_concat2

input: | [(None, 74), (None, 74)] |

(None, 148)

| Concatenate | output: |

Dxx_2 input: | (None, 148)
T
‘ Dense ‘ linear I output: | (None, 222) |

T| Dxx_3 [ input: | (None, 222) |
[ LeakyReLU | output: | (None, 222) |

T‘ Dxx_4 | input: | (None, 222) |
l Dropout l output: I (None, 222) |

[ Dxx_O [ input: | (None, 222) |
L J Dense I sigmoid { output: I (None, 1) |
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SKORLAMA

L
Ny

Az
Az

Logits : A(x) " '
)

log(Dyz(z, z")) ; |
Features : A(x fee(@, ) — foz(z,2")||1 \ \ \ \ \
Algoritmadan elde edilen puanlarin \ \ \ \ \

hesaplamalari verilmistir. Bu puanlar veri

setindeki anormalligi tanimlamak igin \ \ _/\ \ \

kullanilir.

Ayiricinin ham verisi (logaritma olarak \ \ \ \ \

alinmistir) "Logit" olarak anilir.

Ayirici tarafindan hesaplanan ozellikleri \ \ \ \ \ \

kullandigi icin "Ozellikler".

L1 ve L2 sirasiyla L1 normunu ve L2 normunu
&‘g ifade eder \ \ \ \ \ \

g
SQUAD

]
t_--[
b2
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T

SQUAD

SUPERSIMETRi ARAMALARI

= SUSY'de bozunmasi muhtemel kuarklari tzerinden ilerlenir
= Eger kiz top kisim duragan halinde uretiliyorsa ( Am ~ mt),
= 0 zaman t t* olaylari iliskisiz tt olaylarina benzer

®  Durdurma diglamasi, spin korelasyonlar: gibi ust kuark ozelliklerinin
hassas olgumleri yoluyla gerceklestirilebilir

=  HL-HLC'de ¢ok yiiksek istatistiklerle bu durumdan tam olarak
yararlanilabilir.

= CMS'de beyaz kutu, henliz hari¢ tutulmadi ATLAS'ta harig tutulan
bolgeler

= asagidakilere karsilik gelen kutle noktalarini igerir: Am = m, gizgisinin
yakininda ve altinda:

= Mstop < 242,5 GeV Mstop — My < 7,5 GeV

Measurement of the ttbar spin correlations and top quark polarization

CMS 35.9fb' (13 TeV) ,
; 800 - = 10 iro)
8 pp=TLT—=t i? NLO+NLL exclusion 3 (="
__ o c
I—ol _ 700 —Observed = 1 otheory - g
E’x ==: Expected = 1 . — =10 9
600} 3 7}
- . @
- ] o
500:— 4 5
C 3 c
400 ] bi
S‘ 140 _‘ | 78L 55 l TTIrIrr l | B 53 ) § l TT1 17T l TT1rrrr I T 1 17T I L L PR B l T T 17T l L A3 (28! ] l_‘
8 [ —— Observed limit (=1 05%") ATLAS ]
= 120 | o L™ =36.11b", (s=13TeV —]
oL?j‘_ [ =eemi Expected limit (=1 ow) Limits at 95% C.L. ]
E 100+ = D ]
= y UK 4
- T P - -
C Am(t, % )= m‘ ]
80 -
6o X -
- < =] !V
20 : -
- /’ ------- i
1 l Lkl | S NS l 1 l’ i [ L l‘ll - l /- J:

e aal i P ST
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CERN-EP-2019-034 m(t) [GeV]

Samuel Bein, Sezen Sekmen, ITUHEP
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We McMC scanned 500k points in the pMSSM-19, aim to study
e sensitivity of our searches to a “realistic’ model

o compare conclusions with those derived from simplified
models

e complementarity of our searches to each other
e complementarity between CMS and other experiments (collider,
g-2, DM)
e identify new/important signatures for future analyses
Today:
e status of MC production

o enough MC is ready for a comprehensive interpretation,
still processing 2016

e status of analysis inputs

® already provided inputs

o SUS-18-004: soft opposite-sign lepton (SOS)
SUS-21-006: SUSY disappearing track
SUS-19-006: multi-jet + MHT, O-lepton
SUS-21-007: single-lepton, dphi (partial)
SUS-20-001: (dilepton edge)

O O O O

Scan of points in the
pMSSM-19

squarks up to 10 TeV

gluino up to 10 TeV

sleptons up to 4 TeV

heavy Higgs up to 4 TeV
electroweakinos up to 4 TeV
trilinear couplings up to 7 TeV

tan 8 from 2 to 60

Samuel Bein
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SUS-19-006: multi-jet + MHT "Ra2/b”

e (O-lepton search, 174-bin search

e binning in HT, MHT, n(jets), n(b-tags)

Events

) [GeV]
g 8

1

~0

m£x
S

Black: all models excluded =

400
-1

CMS 137 167 (13 TeV) _ ., CMS 137 fo” (13 TeV) 200
90 > e ne ~0 .

. _ Lost pP—=>330,3—qq% Approx NNLO+NNLL exclusion
80'—+ D . Z->w | |lepton I:I Qco 8 1800 ___ ‘

L = =Observed = 10, c
70 8% (m;=1000GeV, m, =100 GeV) | &1600| 2 Expected = 1,20 2
BoE- =+* §=q 7, (m_ =700 GeV, m, = 400 GeV) g T experiment S400

- Ny e =0, H''** > 850 GeV, H_> 1200 GeV| 1400}~ - =107 @

50 - : %200
1200 = g C
C ] < 000
1000}~ 3 ,©
soof 1 3719 E800
i I 600} R g
2F T T T T T Y C s ) ] 3 g-
1f { 400 S v A 23] 10 3
-, N— .. . — arXiv:1908.04722v2 e 3
-1F ‘ B . 5 I &l O
. : 1 ; : : 2001 Published exclusion Tr— X2
2 4 6 8 10 12 : ' A e l e A 4 1 I 1 ' A IE :l E]': 1 : —4 8
: Net 0 1000 1500 2000 2500 1°
analysis
SMS mg [GeV]

95% prior Cl
67% prior Cl
10% prior CI
Tiqqqqobsiimt 1o

95% posterior Cl
67% posterior Cl
10% posterior Cl

- bino-like points
— Fraction of
excluded
models/bin /

LELEY I LI L LA LI

500 1000

~ whole pMSSM

~ Fraction of
- excluded

1000
pMSSM

1500

bino LSP

2000 2500
m(g) [GeV]

<
o

<
B

0

SMS conclusions differ somewhat from pMSSM, but hold up well when bino-like LSP is assumed

survival probability

survival probability

40



SUS-18-004: Soft, opposite sign lepton

e 2-3 soft leptons
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137 fb (18 Tev)
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lgili gozlemlenebilirleri kullanarak gift parton sagilimi
Pythia ve Herwig simulasyonlarinin ayarlanmasi.

The difference in azimuthal angle between the light jet pair
Ap = |p(j1) — ¢(j2)]

The balance in pr of the two light jets:

_pr(h) +pr(i2)|
APT = oGO+ prG2)ID

The azimuthal angle between the two dijet pairs:

As — _ (Pr(3,ja)-pr(ij2))
(Ipr (s ja)l + lpr (i1, 72)1)

T

SQUAD

Measurement of the ttbar spin correlations and top quark polarization

CIFT PARTON SACILMASI SIMULASYONLARI — AYAR HESAPLARI
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HCAL RADIATION DAMAGE ANALYSIS
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= CERN CMS Deneyinde iTU CMS grubu ¢ok boyutlu olarak calismalarina devam
etmektedir

= Fizik Analiz Calismalari —
= Top Kuark Ciftleri Spin-Spin Korelasyon ve Polarizasyon Olciimleri

= Top Kuark Ciftleri Spin-Spin Korelasyon ve Polarizasyon Olciimleri {izerinden
Yeni Fizik Arayislari

= pMSSM Modeli Uyarinca Disarlanmamis Bolgelerin incelenmesi ve /

Degerlendirilmesi

= ALAD vb. Gibi Makine Ogrenmesi / Derin Ogrenme modellerinin fizik
analizlerinde uygulanmasi

.
= Dockerize bir GPU destekli bir analiz altyapsinin kurulmasi ( ( l} A I ’
= Cift Parton Sagilmasi Ayar Simulasyonlari ve Veri Karsilastirmasi ‘> &

= Detektor Calismalari

= HCAL Raddam AnalizZHGCAL calismalari

T

SQUAD
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= Spin density matrix

~ _+_ 2 ~ ~
B;" and C can be decomposed in terms of orthonormal basis {k,r,n}:

E ,_flff + b.—lé. + bilél.
C, = e+, kk, +c,h,

C,,(r.k. kf

[),12 : incoming parton & top-quark direction in tt CMF

ﬁ=r_1(f)><l€)
’:zr_](ﬁ_yl‘?)’ yzle'ﬁ’ riss 1_y2
=

SQUAD

» b, ¢ are functions of partonic
center of mass energy and y (cos9*t)

» Coefficient functions can be classified
w.r.t P, CP, T and Bose symmetry
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T

SQUAD

BACKUP

Table 4: Summary of the systematic uncertainties in the extracted tt spin correlation coefficients.

Source Uncertainty

Chrk Crr Cnn Ck+Co Cik—Cor Cur+GCm Cur—Cmn Cue+Cry Cup — Ciyy D A(l:‘:)tf. @ A|A<p”|
JER 0.001 0.001 0.001 0.004 0.002 0.001 0.001 0.003 0.001 0.000  0.000 0.000
JES 0.012  0.009 0.005 0.022 0.011 0.011 0.009 0.012 0.007 0.002  0.000 0.001
Unclustered energy 0.001 0.001 0.001 0.004 0.001 0.001 0.002 0.001 0.001 0.000  0.000 0.001
Pileup 0.002  0.000 0.001 0.004 0.001 0.001 0.002 0.001 0.001 0.001  0.000 0.001
Trigger 0.001  0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000  0.001 0.000
Lepton ID /isolation 0.001  0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000
Kinematic reconstruction  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000
b tagging 0.004 0.001 0.002 0.005 0.001 0.001 0.001 0.001 0.001 0.001  0.000 0.000
Background 0.017 0.009 0.008 0.025 0.006 0.004 0.004 0.007 0.003 0.004  0.008 0.002
Scale 0.012  0.006 0.007 0.026 0.011 0.007 0.014 0.011 0.007 0.003  0.002 0.003
B-fragmentation 0.014 0.002 0.005 0.017 0.001 0.001 0.001 0.002 0.001 0.003  0.000 0.001
B-hadron semi-lep. BF 0.000 0.001 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.001  0.000 0.000
Color reconnection 0.005 0.013 0.006 0.013 0.011 0.014 0.017 0.009 0.008 0.002  0.001 0.001
Underlying event 0.008 0.002 0.002 0.004 0.010 0.007 0.005 0.007 0.002 0.003  0.001 0.001
ME/PS matching 0.004 0.003 0.001 0.009 0.016 0.011 0.001 0.012 0.009 0.002  0.002 0.004
Top quark mass 0.001  0.002 0.006 0.006 0.009 0.002 0.002 0.009 0.001 0.002  0.001 0.000
PDF 0.005 0.005 0.001 0.004 0.001 0.001 0.001 0.001 0.001 0.002  0.007 0.002
Top quark pr 0.008 0.010 0.005 0.019 0.000 0.001 0.000 0.001 0.000 0.004  0.003 0.005
Total systematic 0.031 0.023 0.017 0.053 0.029 0.024 0.025 0.026 0.016 0.009 0.011 0.008
Data statistics 0.018 0.019 0.010 0.029 0.029 0.024 0.025 0.025 0.020 0.006  0.003 0.003
MC statistics 0.007 0.007 0.004 0.011 0.011 0.009 0.009 0.010 0.008 0.002  0.001 0.001
Background MC statistics  0.011  0.010  0.005 0.018 0.017 0.012 0.010 0.015 0.012 0.003  0.002 0.002
Total statistical 0.022 0.023 0.012 0.035 0.035 0.028 0.028 0.031 0.025 0.007  0.003 0.003
Total 0.038 0.033 0.020 0.064 0.046 0.037 0.038 0.041 0.029 0.011  0.012 0.008
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Table 3: Summary of the systematic uncertainties in the extracted top quark polarization coefficients.

Source Uncertainty
B BS B! B, BY By B BYY  BI* By
JER 0.001 0.002 0.001 0.001 0001 0001 0000 0001 0.001 0.001
JES 0011 0.012 0.007 0.009 0003 0.003 0009 0008 0.007 0.007
Unclustered energy 0.001 0.002 0.001 0.001 0000 0001 0001 0000 0.001 0.002
Pileup 0.000 0.000 0.002 0.002 0000 0001 0001 0001 0.000 0.000
Trigger 0.001 0.001 0.001 0.001 0000 0000 0001 0001 0.002 0.002
Lepton ID/isolation 0.001  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Kinematic reconstruction ~ 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b tagging 0.003 0.004 0.003 0.003 0000 0000 0002 0002 0.001 0.001
Background 0.008 0.008 0.005 0.008 0001 0.001 0.004 0.005 0.002 0.002
Scale 0.005 0.004 0.004 0.009 0003 0004 0003 0004 0.006 0.005
B-fragmentation 0.009 0.009 0.004 0.005 0000 0001 0001 0001 0.001 0.001
B-hadron semi-lep. BF 0.001  0.001 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000
Color reconnection 0.005 0.003 0.003 0.004 0008 0005 0006 0008 0.006 0.008
Underlying event 0.001 0.003 0.001 0.003 0002 0003 0003 0002 0.004 0.004
ME/PS matching 0.006 0.006 0.004 0.001 0003 0004 0003 0003 0.004 0.004
Top quark mass 0.006 0.007 0.000 0.001 0001 0002 0002 0001 0.002 0.002
PDF 0.002 0.002 0.000 0.000 0000 0.000 0004 0004 0.002 0.002
Top quark pr 0.003 0.003 0.001 0.001 0000 0.000 0.001 0.001 0.000 0.000
Total systematic 0021 0.021 0.013 0.017 0010 0.009 0.014 0014 0.013 0.014
Data statistics 0.009 0.008 0.009 0.009 0007 0.008 0010 0010 0.010 0.009
MC statistics 0.003 0.003 0.003 0.003 0003 0003 0004 0004 0.004 0.003
Background MC statistics  0.005  0.005 0.005 0.005 0004 0.004 0006 0.006 0.005 0.005
| &é Total statistical 0010 0.010 0.011 0.011 0009 0.009 0012 0012 0.012 0.011
7 Total 0023 0.024 0.017 0.020 0013 0.013 0018 0019 0.018 0.017

SQUAD
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Table 5: Measured sums and differences of the B coefficients and their statistical and systematic
uncertainties. The calculated coefficients are quoted with scale uncertainties.

Coefficient Measured NLO calculation
Bf + B} 0.013+0.014+0.041  8.0'33x 1073
BY — B —0.003 £ 0.015 4 0.011 0

B} + B} —0.033+£0.015+£0.026 32775 x 1073
Br — B} —0.012+£0.016 + 0.014 0

B! + B 0.024+0.012+0.013  11.3%57 x 1073
B! — B —0.011+£0.014 £ 0.013 0

B¥ 4+ B* | —0.01040.016 £ 0.012 <1073

BX — B&* | —0.02340.018 4 0.025 0

Bl* + B} 0.011+0.016 £ 0.018 <1073

B* — By | —0.008 4 0.016 + 0.020 0

T

SQUAD
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Table 6: Values of fqys, the strength of the measured spin correlations relative to the SM predic-
tion for the given observable, derived from the numbers in Table 2. The uncertainties shown
are statistical, systematic, and theoretical, respectively. The total uncertainty in each result,
found by adding the individual uncertainties in quadrature, is shown in the last column.

Coefficient | fg\; + (stat) = (syst) £ (theor) Total uncertainty
Cik 0.90 + 0.07 £ 0.09 4 0.01 +0.12
Crr 1.134+0.32+£0.33 * 319 e
Coun 1.01 4 0.04 +0.05 £ 0.01 +0.06
Crk + Cir 0.94 +0.17+0.26 +-0.01 +0.31
D 0.97 +0.03+0.04 * 29! +0.05
AL, 0.74 £0.07 £ 0.22 58 o3

N 14
Apg,| 1.10 £0.04 £0.09 T (1) 017

T

SQUAD
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BACKUP

e B! and B}, the top quark and antiquark polarization coefficients with respect to each
reference axis i (sensitive to b.” and b.").

e C;;, the “diagonal” spin correlation coefficient for each reference axis i (sensitive to
Cii)-

e the sums and differences C;; 4= Cj;, the “cross” spin correlation coefficients for each
pair of axes i, j (sensitive to ¢;; and cy).

e The 6 cos 0] and cos 0}, to measure B} and Bj, the top quark and antiquark polariza-
tion coefficients with respect to each reference axis i.

e The 3 cos 6} cos 0}, to measure C;;, the diagonal spin correlation coefficient for each
axis 1.
e The 6 sums and differences cos Bi CcOS 9"2 + cos 9{ cos 0}, to measure the sums and dif-
- ferences of the cross spin correlation coefficients C;; & C;; for each pair of axes 7, ].

SQUAD
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e D is related to the diagonal C coefficients as = —Tr[C} / — —(Ckk + Cyr + Cun) /3.
2(1 — Dcos ¢).

® COS (@ = {1 - £, sensitive to the D coefficient through > d o q)

® COSQPlap = (?;“b 017 as above but using lepton directions measured in the laboratory
frame (which have excellent experimental resolution).

frame (which is partly dependent on the spin correlation coefficients).

e four further cos 91’2 distributions based on modified axes k* and re, equal to +k or +#
depending on the sign of |y;| —
antiquark rapidities in the laboratory frame. The use of the modified axes probes
the coefficient functions in different areas of phase space, providing sensitivity to
different combinations of P-odd four-quark operators [3].

T

SQUAD
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