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Mokivazione dell’analist

2012: Scoperta del bosone di Higgs a 125 GeV ©
Molte domande ancora aperte (i.e. gerarchia, materia oscura...) ®
Le estensioni piu semplici sono date dai modelli 2ZHDM (i.e. MSSM.. )
* 5 bosoni di Higgs fisici: H*, H, A, H, h
 Alivello "albero” sono descritti da 2 parametri: ma, tanf

H—hh & A—/Zh permettono di esplorare le regioni a basso valore di tang

50

| Theoretical estimated sensitivity
(arXiv:1304.1787v2)
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iINn un intervallo di massa tra 250 e 350 GeV.

Stato finale: hh—bbztz

e Segnatura chiara
e Alti Branching Ratio
« BR(h—bb) ~ 58 %
« BR(h—tt) ~6,3 %
« Stato finale inesplorato

Stato finale: Zh—¢¥¢t
o /—ee/uu € interamente ricostruito

« h—zr e il secondo Branching

Ratio tra i fermioni
o Stato finale inesplorato
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Strateqgia di analist
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Reiezione dei fondi:
70 GeV < mpp < 150 GeV

90 GeV < mrr < 150 GeV

3 canali x 3 categorie

9 stati finali

2 categorie
(dal decadimento della 2

/rete ruty

-4

Reiezione del fondi:

L7 =} prVvisibile(r) > soglia dipendente

dal decadimento della coppia rr

4 canali x 2 categorie

8 stati finali
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Massa invarianke H—hh—zbb

La massa invariante del quattro corpi mu € calcolata
attraverso I'algoritmo KinematicFit:;

* Prende come input | guadri-vettorl ~ uy, 2petitag 197 1" (6 TeV)
(2b e 2r) con le loro incertezzee & [ CMS — My
) . 0.025 - mkinfit
'Energia [rasversa Mancante ; "
(v dal decadimento dei 7). 0.02] mn = 300 GeV

0.015F

* |Impone dei vincoli cinematici:

0.01F

m(zt) = m(bb) = mn = 125 GeV

0.005

 Assume l'approssimazione collinare oc; e - .
per | prodotti di decadimento del . mis®° [GeV]

Francesco Brivio 31/03/2016



Massa invariante A—-Zh—771r

La massa invariante del quattro corpi ma e calcolata a partire
dall'informazione dei quadri-vettori dei 2 bosoni intermedi:

* Bosone Zricostruito usando | guadri-vettori dei leptoni
 Bosone hriscostruito attraverso I'algoritmo SVFit

SVFitricostruisce il bosone che decade nella coppia zr:

e Stimatore maximum likelihood
* Prende come input | quadri-momenti del tau, la MET e le risoluzioni

CMS Simulation Vs = 8 TeV ut, CMS Simulation Vs = 8 TeV T,
i~ 0.2 i~ 0.167
8 —— H—1ttm,; =125 GeV 8 i —— H—>1tm, =125 GeV
S o.18F S o1ab
= Z—-1t l_' : Z—T
2 0.16F
£ § 0.12F
2 o0.14f = [
0.12F 0.1—
0.1F Massa visibile oos- Massa da SVFit
0.08/- 0.061-
0.061- -
- 0.04
0.04F i
0.02; 0.02/-
0: 1 1 | - l 1 1 1 1 L 1 1 1 1 | O: | | T = e L
0 50 150 200 250 0 50 100 150 200 250
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Diskribuziont AL massa nvariante (dabkli a ¥ TeV)

Distribuzioni di massa invariante per | processi H—+hhe A—=Zh
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Estrazione del segnale

e | e distribuzioni di massa invariante sono fittate con un
maximum likelihood fit binnato.

o || parametro d'interesse e o x 5H del segnale

* |ncertezze sistematiche trattate come parametri di nuisance

> Differenti origini, le principali sono:

e Sezioni d’'urto

 Luminosita

e [eptoni: identificazione & trigger
e b-tagging: efficienza & mistag
 Fondi: shape & normalizzazione
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Risulbabi: Limikl AL Esclusione

Limiti d’esclusione “model independent’
al 95% di Confidence Level su

c(ggH)xBR(H—>hh—ttbb) & c(QgA)xBR(A—>Zh— ¢¢tt)

H—hh—bbrt 19.7 b (8 TeV) A—Zh— It 19.7 b (8 TeV)
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Risulkaki: E,M?:er[ore&az.ioma nei modelli MSSM & 2HDM

MSSM low tanp scenario 2HDM type-ll, m =m,, =300 GeV
95% CL Excluded: 95% CL Excluded:
" Observed . + 10 Expected §§§§§ mySSM £ 125:3 GeV " Observed . + 10 Expected
----- Expected . + 20 Expected ----- Expected . + 20 Expected
H—hh—bbtt + A>Zh—llr  19.7 T (8 TeV) CMS -hh—bbresA—zhsie  19.7 167 (8 TeV)
@4_0—||||||||||||— @10 T [ T rrrJ1
& | CMS ! &
wjd = e 9
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6
5
4
3
2
1
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
250 300 350 -1.0 -0.5 0.0 0.5 1.0
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Escluse ampie regioni a basso tang (per MSSM), ma altre porzioni

dello spazio del parametri rimangono ancora da investigare.
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Prospettive future

La naturale continuazione di questa analisi e lo studio
deil dati del Run-II:

. A livello di analisi:
Incremento sezioni d’urto

Nel Run-II —»| di produzione del segnale |—» e Sensitivita maggiore

ys=8713 TeV rispetto a quelle dei fondi ) /aA\I(t:aC?r‘wS;gsz regioni di
H—- hh— bbtt @ 13 TeV
gia pubblica, Per |la fine del 2016 ci
Mfﬂ i ) — | aspettiamo di superare la
non ancora competitiva co sensitivita del Run-/
le analisi del Run-l a causa

della statistica limitata (2.7 fb7)

Non ci resta che aspettare | nuovi dati...!
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http://inspirehep.net/record/1427786
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Limalk Camparisam

Comparison with different final states

17.9-19.7 b7 (8 TeV)
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SVFit Algorithm

Tau pair decay kinematic depend on a different number of parameters,
depending on the tau pair decay:
e fully hadronic — 4 parameters
 semileptonic — 5 parameters
* |eptonic — 0 parameters

Only 2 observables (Ex,lE,) = under constrained problem — likelihood approach

TT /5 T™T TT ya
Observed MET A// Tau pair decay

value kinematics

Four-momenta of
visible decay products

The best estimate Mzt for the tau pair mass is the Mizr
which maximizes the probability P(Mirz).

Francesco Brivio 31/03/2016 14



Higqs Production

Gluon fusion

100 4 : , ] ———py—
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‘ tanB = 2.5 ggH ——
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Higqgs Branching Ratios

H Branching Ratios h Branching Ratios
l -
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Svs&ema&w Uncerbainkies

A-Zh—- Tt
Systematic uncertainties common to all channels.
Source Uncertainty
Luminosity measurement 2.2-2.6%
Muon trigger efficiency 1%
Muon ID/Iso/ES 2%
Electron trigger efficiency 1%
Electron ID/Iso/ES 2%
Tau ID/Iso 6%(12%)
Tau ES 3%(6%)
Btag 1%
PDF for g — ZZ 5%
PDF for g¢ — ZZ 10%
QCD scale for gg 2.6-6.7%
QCD scale for g¢ — ZZ 24-44%
QCD scale for VHs 2.9%
Reducible background estimate 15-50%
OTT7 50%
TWW 7 50%
OW77 50%
0777 50%

Francesco Brivio
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Sjsﬁemaﬁc Uncertainkies

H— hh— bbtt

Event yield uncertainty
by event category

Experimental uncertainties Uncertainty | 2jet-Otag 2jet-Itag 2jet-2tag
Integrated luminosity 8 TeV 2.6% 2.6% 2.6% 2.6%
Jet energy scale shape shape shape shape
Bt 1-10% 1-7% 1-5% 1-10%
Electron identification and trigger 2% 2% 2% 2%
Muon identification and trigger 2-3% 2-3% 2-3% 2-3%
Tau-lepton identification and trigger 8% 8-19% 8-19% 8-19%
b-tagging efficiency 1-70% 1-8% 1-5% 1-70"%
b-mistag rate 1-5% 1% 14% 1-5%
Normalization, Z production 3.3% 3.3% 3.3% 3.3%
Z — TT: category selection 5% 5% 5% 6%
Normalization, tt 10% 10% 10% 10%
Normalization, di-boson 15% 15% 15% 15%
Normalization, QCD Multijet 10-100% 10% 40% 60-100%
Normalization, W+jets 10-100% 10% 40% 100%
Normalization, Z — ee: e misidentified as T, 20-40% 20% 20% 40%
Normalization, Z — pu: p misidentified as T, 30-60% 30% 60% 60%
Normalization, Z+jets : jet misidentified as 7, 20-90% 20% 20-25% 70-90%
Tau-lepton energy scale shape shape shape shape

Francesco Brivio
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Backqground Estimation

— hh—
- H=hh=bbptn| o4 g7y A= ZRDpppth) o740 g Tev)
> ' CMSI e 10xHohhobbrr > 020F ' L sxAszhol
o 45F —4— Observed 8 CMS =0— Obsarved
= E ut |, 2jet-1tag — & 018 @ Rare
T 40F " \a MHUT £ zz
- . [ Electroweak ~ 0.16 h ] Reducible bkg.
£ 35E g 3CD § < 014 ] Bkg. uncertainty
~ T - — . .
= b 1 BKg. uncertainty 1 meswoovimpaz
E C MSSM low tan} scenario E 0.12 § :
% m,= 300 GeV, tanfi= 2 % 0.10 i '
600 700
Z—}"C’c H' fit (Gev)
Embedded
sample it
- Monte Carlo Reducible
5 QCL sample From data
ata driven control samples
method
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Objects selection (H—hh—bbrr)

uth channel ern channel
o u.pr1>20GeV e e:pr>24 GeV
n|<2.1 In|<2.1
e . pT > 20 GeV e h: PT > 20 GeV
n|<2.3 n|<2.3
| |
+

e charge(e/u) = - charge(r)
e [oose isolation criteria
e Mr=y2pTMET(1-cosd¢p) < 30 GeV

TThth channel

o n(1): pr > 45 GeV ; |y|<2.1
o n(2): pT > 45 GeV ; |y|<2.1
e charge(r1) = - charge(rz)

_|_

2 |ets per event:
e pT> 20 GeV

¢ |n|<2.4

Francesco Brivio 31/03/2016
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0bj€€&S selection (A—2Zh—¢7rr)

Vamd!

o ui:pl >20GeV; |y<2.4
e uo:pl >10GeV; |y|<2.4

/—ee

e e1:pT >20GeV; |n<2.5
e ex:pl >10GeV; |y|<2.5

h—zr (Peu/ern/utn/Tnth)

e u. PpT>10GeV;
e . pl >10GeV;
e . Pl >21GeV;

Francesco Brivio

H
H
n

<2.4
<2.5
<2.3
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e 60 GeV < m(ee/uu) < 120 GeV

e ambiguity = m(ee/uu) closest
{0 mz
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Cls mwmebhod

L = H Poisson(n;; v, 0) - H Constraint(0;; 9})
() J

L(data|s + b)
=—21
I " L(datald)
pu = P(gu < ¢, |- s +b) = F(qulp, ézbs) dq,,
g,.°b

1 — Py = P(Q/L S Q/L0b8|b o Only) — / , f(q”‘oa égbs) dc],u
q0°”°

p
Cls(n) = 1—#pb

Francesco Brivio 31/03/2016
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Hhh mwass diskribukions :

Francesco Brivio

dN/dME™ (1/GeV)
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Hhh wass disktribubtions : ern, channel

19.7 fb™' (8 TeV)
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Hhh nass diskributions : oo, channel

Francesco Brivio
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Azl mwass diskributions : Z—ouu channel
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Azl mass distribubions : Z—oee channel

Francesco Brivio
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Preliminary resull with 13 TeV daka

Preliminary exclusion limit observed with CMS data at 13 TeV for the

2.7 fb" (13 TeV)
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HIG-16-013

"‘Model independent search for Higgs boson pair production
iNn the bbztr final state.”

* High mass region
* Only the tfully hadronic tau decay
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