THDM-LS Cercevesinde FCC-ee'de Yiikli Higgs Arastirmalari
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o Genel Mimari
91 km dairesel tiinel, 4 etkilesim noktasi; enerji asamalari /s = 90, 160, 240, 350 GeV,
her biri yiiksek entegre isimimlik (Line ~150, 12, 5, 1.5 ab™! sirasiyla).

@ Uzun Vadeli Yol Haritasi
2040'larda calismaya baslayacak ve 15 yil siirecek.
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Neden FCC-ee?
@ Leptonik siireclerde arkaplan diisiik ve sinyal temiz elde edilebilir.
@ 90-350 GeV kiitle merkezi enerjisi, LEP ulasamadi, LHC'ye gore daha hassas.
@ Yiiksek isinimhilik (luminosity).

Neden THDM-LS ve Yiiklii Higgs?
@ Heniiz disarlanmamis 100 - 175 GeV arasi yiikli Higgs.
o Yiiksek tan 8 degerlerinde leptofilik kuarkfobik yiiklii Higgs.
o Yiikli Higgs'in tau ve tau notrinosuna dallanma orani 1'e yakin.

@ Yiikli Higgs kuarkfobik oldugu icin nadir B-mezon bozunumlarindan gelen
sinirlandirmalardan kurtulabilir.
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Neden iki Higgs Dubletli Model?

*

Standart Model'in Higgs sektorii minimal olmak zorunda degil.

SM'e ikinci bir skaler dublet eklenerek modelin Higgs sektdrii zenginlestirilebilir.

*

mg/myp ~ 40
Cesni degistiren notral akimlar (FCNC)
Siipersimetrik Modeller (MSSM)

Onerdigi Ekstra Higgs'ler ile miion g-2 dlciimlerine cevap olabilme ihtimali

*

*

*
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THDM-Dubletler
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THDM ' nin Skaler Potansiyeli
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Agac seviyesinde FCNC'yi engellemek icin;

(Dl — (Dl ve ¢2 — *¢2
(Dl — —¢1 ve ¢2 — ¢2
Dir = FDjr Ur = —Ugr ve Er— FER.

O | Py | up | dr | lr| QL Lt
Tip-1 e e e +
Tip-2 T et
Lepton Spesifik || + | — | — | — | + +

Farkli tipte THDM'ler icin Z, simetrisi yiikleri
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THDM-LS

¢1 — —(bl ve ¢2—>¢2
DjR — DJ'R UJ'R — UJ'R ve EJ'R — —EJ'R .

simetrisi altinda LS-THDM'nin Yukawa lagranjiyeni;

—Lyis :77;5/@,1&32 Uir + 1] QL®2Djr + Y 1 ®1Ejr + h.c.
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Yikli Higgs

v

2V, 2
Lyt =—H" (“ a(myXPL+ mgYPR)d+ v2m ZV_LER) +H.C
v

Type | | Type Il | Lepton-specific | Flipped
X | cotf cot 3 cot 3 cot 3
Y | cotf | —tanf cot 3 —tanf
Z | cotp | —tanp —tanf cot 3

Table: Yiikli Higgs - fermiyon etkilesimindeki X, Y, Z parametreleri
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Yikli Higgs Kiitlesi

35 Yiikli Higgs kiitlesi—tan S arasindaki iliski.

30

1.95 x 1079 < BR(B; — pt ™) < 3.43 x 1079 (20)
2.99 x 107* < BR(Bs — Xy7) < 3.87 x 107 (20)
123.0 < hy ya da hy < 127.0 GeV, SM Higgs'i

25

20

tanp

13 @ Biitiin ¢oziimler HiggsTools'tan gecmistir.

10 @ Yesil noktalar: SM Higgs kosulunu saglayan
¢oziimler

@ Kirmizi noktalar: SM Higgs + nadir B-mezon
sartini saglayan ¢oziimler.

125 135 145 155 165 175
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Incelenecek Siirec ve Bulunan Coziim

inceleyecegimiz sinyal siireci: e"et — HTH= (HT — 7tv,.),(H- = 77 1)
CP-even hafif mp,, = 95.95 GeV,

CP-even agir mp, = 123.11 GeV (Standart Model Higgs'i),

My = 132.12 GeV,

CP-odd Higgs m4 = 156.78 GeV,

BR(H* — 7v;) =~ 1 olarak bulunmustur.
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Sinyal ve Arkaplan Tesir Kesitleri

Siirec Tesir Kesiti (pb)
Sinyal e et > HH-, (HF = 11,) 6.46 - 102
Arka Plan1 e et - WTW~—, (WT = 11;) 1.344.10°1
Arka Plan 2 e~et — ZZ, (Z — 77/viv)) 9.187-103
Arka Plan3 e et — 77 8.657 -101
Arka Plan 4 e et — 7710, 1.403 -1071
Arka Plan 5 e~et — Zh, (Z — vy, h— 77) 1.021 -10-3
Arka Plan 6 e~et — tt, (t — Wb, W — 1) 2.605 -10~3
Arka Plan7 e~e™ — hyy, (h— 77) 2.174 -1073
Arka Plan 8 e e™ — 77jj 2.67 1072
Arka Plan9 e~ e™ — 77y 1.988- 1071
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N, =2 1.5 < AR(71,72) < 4.0 10 < EY¥ < 120.0 GeV
N, =0 1.8 < AR(m1, EM=) < 4.25 Miny (71, T2) < 200.0 GeV
—23<n, <23 0.2 < AR(m2, E¥™) < 3.8 20 < PRt + EY® < 230.0 GeV
~3.0 < 9y, < 3.0 P <130.0GeV 10 < PP + PP + EMis < 325.0GeV
g < 4.96 P72 < 100.0 GeV 25 < miny (71, EM®*) < 250.0 GeV
E,, <120.0 GeV Miny (T2, EY5) < 150.0 GeV
E,, <60.0 GeV 15 < PP + EY'™ < 160.0 GeV

20 < My (71, EY™) < 225.0 GeV

Mr (72, E¥55) < 125.0 GeV
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Olay Seciminin Verimi

Table: FCC-ee (/s = 350 GeV) icin sinyal ve arka-plan siireclerinde kesim verimi. ¢ = NMC /NMC

after before*
Process Cross-Section [pb] NS NYE €
Signal 6.46 x 1072 6.46 x 10% 26084 0.404
Total background 1.38089 1.38089 x 10° 104380 0.076
Ng .
Z = ———— (Significance
Vv Ns + Np ( )
Expected
Z= Ny
Expected Expected
\/ Ng + Ng
Nsl?xpected =05 X LCut % 6gut

Expected Cut Cut
Ng =o0p X LV x e
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|statistiksel Anlamlilik Seviyeleri

Table: istatistiksel anlamlilik seviyeleri ve yorumlari

Z (o) | Karsilik gelen giiven diizeyi (CL) | HEP’deki yorum
1o 68.27 % dnemsiz
20 95.45 % zayif isaret
30 99.73 % Kanit
4o 99.9937 % Cok giicli kanit
50 99.99994 % Kesif

Table: Gerekli Luminosite Degerleri

Anlamlilk Olay Seciminden Once Olay Seciminden Sonra

Seviyesi pb~! pb~!
30 3117.4 1725.9
50 8659.45 4794.16
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Olay Seciminden Sonra
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Figure: Kesimler sonrasi sinyal ve arkaplan dagilimlari.
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Olay Seciminden Sonra
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Figure: Kesimler sonrasi sinyal ve arkaplan dagilimlari.
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BDT Analiz

Table: XGBoost Modeli Hiperparametreleri ve Performans Metrikleri

Parametre/Metrik Deger
Hiperparametreler

Alt Ornek Orani (subsample) 0.7

Agac Sayisi (n_estimators) 1000

Maksimum Derinlik (max_ depth) 5

Ogrenme Orani (learning _rate) 0.01

Gamma (gamma) 5

Siitun Ornek Orani (colsample _bytree) 0.8
Performans Metrikleri

Accuracy (Tim tahminlerdeki basari orani) 0.7805

ROC-AUC (Sinyal-Background ayirt etme) 0.8616

Precision (Sinyal tahminlerinin gergek sinyal orani) 0.7644
Recall (Gergek sinyallerin dogru tahmin edilme oranmi) 0.8110
F1 Score (Precision ve Recall harmonik ortalamasi) ~ 0.7870
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BDT Histogramlar
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Olay Secimi + BDT

TP: True Positive (Test veri setinde dogru sekilde sinyal olarak etiketlenmis olaylar.)
FP: False Positive (Test veri setinde background olup yanlis sekilde sinyal olarak etiketlenmis

olaylar.)
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BDT __

€ = = 0.811
s NTest
FP
BDT
€ = =0.25
B NTest
N]SExpected
Z

N Expected Expected
\/ Ng + Ny

NEXpected =0 X LCutJrBDT % Cut BDT

S = €g X €g
Expected __ Cut+BDT Cut BDT
Ng =opXxL X eg " X €g
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Olay Secimi + BDT Luminosite

Ali Cici et al.

Table: Gerekli Luminosite Degerleri

Anlamhhk [Before [ Cut [ Cut+BDT

Seviyesi pb~t  pb7! pb~!
30 3117.4 17259 950.3
50 8659.4 4794.2 2639.8
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Calismanin Baslica Bulgular

@ LHC ve nadir B-mezon bozunum verileri ile uyumlu, yiiksek tan 3 degerlerinde kuark-fobik
ve leptofilik 6zelliklere sahip olan yiiklii Higgs elde edildi.

e THDM-LS kapsaminda, my+ = 132.1 GeV, my = 156.8 GeV, mjy, = 95.9 GeV,
mp, = 123.1 GeV (SM) ve BR(H* — 71,) ~ 1 kosullarini saglayan ¢éziim elde edilmistir.

e Yiiklii Higgs cifti iiretim tesir kesiti 6.46 x 1072 pb~!

Anlamhilik LBefore LCut LCut+BDT
Seviyesi pb~! pb~! pb~!
30 3.12x 103 1.73x10® 0.95 x 103
50 8.66 x 103 4.79 x 103 2.64 x 103
Cut BDT cCut+BDT
Sinyal 0.404 0.811 0.33
Arkaplan 0.076 0.250 0.02

Ali Cici et al. THDM-LS ve FCC-ee 25 May, 2025 24 /24



	FCC-ee
	Motivasyon
	Model (THDM‑LS)
	Neden İki Higgs Dubletli Model?
	THDM'nin Yapısı

	Yöntem
	Parçacık (Yüklü Higgs)
	Analiz (Kesim Tabanlı - BDT)
	Sonuçlar

