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Perche cercare copple di bosoni di Higgs!

L a produzione associata di due bosoni di Higgs € fondamentale:
= prevista dal Modello Standard
= consente di avere un accesso diretto alla costante di accoppiamento trilineare dellHiggs (AHmn)

= fornisce informazioni sulla forma del potenziale di Higgs

La misura di Annn pud fornire una conferma del Modello Standard o dare indizi di nuova fisica oltre il Modello
Standard
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HH nel Modello Standard

oluon-gluon fusion

| — = modo di produzione principale
9 ,H 9 voo00+—> —---H
g : )
0 H .7 0 sezione d'urto vs /s
I - - -4 4 . ———
N\ \AH Al 10 E HH production at pp colliders at NLO in QCD
\ 13 ;FMH=125 GeV, MSTW2008 NLO pdf (68%cl)
g “H g TEOOO——e—t - - - - H |
- La produzione di due bosoni di Higgs e prevista dal Modello Standard
. , 8 1314 238[1-6\/]33 50 75 100
& ofcealrio =3[ 1b (a 13 TeV) S - B

= |nterferenza distruttiva tra | due diagrammi di Feynman

= troppo piccola affinché HH fosse osservato con | dati raccolti finora dagli esperimenti a LHC
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HH oltre | Modello Standard : BSM (1)

Modello Standard » Efletti BSM polrebbefo camip il
R—— m— cCome:
g ,H g " __H
H .
p & Ke - @ Ka { ¢ nuovi diagrammi di Feynman
\\ Kt
g “H g ----H = nuove costanti di

accopplamento

= sumento della sezione d'urto

s A’HHH - y, Sl T = |’ K¢ — | Produzione NON RISONANTE
A ASM g £ ¢ — =20
HHH g
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HH oltre | Modello Standard : BSM (2)

Modello Standard + Litettl BoM petrebbero @emis il
N —— K COME |
g g f._H
{ ¢ nuova particella che decade In
K¢ e -
g g t __h una coppla di bosoni di Higgs
= prevista da vari modelli BSM
- Randall-Sundrum Warped Extra Dimensions
(Kaluza-Klein graviton, spin 2)
// H - Electroweak singlet model, Two-Higgs-Doublet
/ model as MSSM (spin 0 radion)
/
AN
N\
N\
\Q

Produzione RISONANTE
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Canall di decadimento

Stati finali - branching ratio « (rande varieta di canall di decadimento
| ? 1 = = DD plU dito Brapcang e
bb B(HHHXX 3"3"') I_101 Stati finali con leptoni : alta riduzione del fondo +
mpg = 125 GeV == ottima identificazione
WW 4.6% 1
E 1072
gg 5
- 1.4 AT LAS:
T | 739 bbbb, bbWW, bbTT, bbZZ, bbYY,
- 27 WWWW, WWYyY
ZZ | 3.1% :
_ 107
YY | 0.3% 0.1% . CMS:
| | | | 10-6
rarer bb  WW  d9 T 77 vy bbbb, bbWW, bbTT, bbZZ, bbYyY

rarer
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HH non risonante : combinazione risultati Run 2 (201 6)

Phys. Lett. B 800 (2020) 135103 |_|m|te supemore SU UHH/GHH 3| 9596 (| Phys. Rev. Lett. 122, 121803

EEmaaea
T L =359 bl [3TeV
ATLAS —e— Observed CMS
L ~ 4 memea- Expected =
(s =13TeV, 27.5-36.1f Expected + 1o Run | combined
- Ogr (PP > HH) =335 “Xpectedt2o - Expecied 46.5<SM
a : Obs. Exp. Exp.stat. | bbVV v
HH— bbt't : 125 15 12 2552323588586:53 — bbZ VIV 6 bbAv
HH—> bbbb i 129 21 18 bbbb
qqqqéVvev T ¥ - Erpectsd 36 OxSM
AV AVAY HH-> bbyy : 203 26 26 gg—HH
evevevey ™ HH s WWWW i ' '+ 160 120 - i gg:rfed 1 oS —e— Observed
i N | i Expected 25.1xSM - - - Median expected
YYqqlv +— HHo W'Wryy i + 230 170 160 bbyy I 68% expected
- ! - Ctsarvad 23.6:5M 95% expected
HH—> bBW*W } 305 305 240 Pedted S M B ..
bbaalV BENN| (it N Run Il combined
o Combined + ! 6.9 10 8.8 Observed 22.2xSM
op el sl sl i aaas Expected 12.8x SM :
10 10° 10° 104 105 678910 20 30 405060 100 200 300400
95% CL upper limit on O yoF (pp — HH) normalised to c 95% CL on GHH/GSM
Limite ATLAS : 6.9 (10) osservato (atteso) Limite CMS : 22.2 (12.8) osservato (atteso)
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https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

HH non risonante : combinazione risultati Run 2 (201 6)
HH — bbbb

Phys. Lett. B 800 (2020) 135103 | jm[te superiore SU UHH/GILSI% 3| 9596 (| Phys. Rev. Lett. 122, 121803

' Observed 74.6xSM
Expected 36.9xSM

L e ———

Limite ATLAS : 12.9 (21) osservato (atteso) Limite CMS : 75 (37) osservato (atteso)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

HH non risonante : combinazione risultatt Run 2 (201 6)
HH — bbbb CMS

ATLAS

* 4 b-jet (anti-ki, R=0.4)
»  Fondo principale: multi-jet QCD
°  mMuH usata per discriminare segnale-fondo »  Boosted Decision Tree per discriminare segnale-fondo
JHEP 01 (2019) 030 MHH BDT JHEP 04 (2019) 112
PRSRsSSe—— PRRRsSSe——
%1O7§ ' IATlLASI L PR B B 35.9fb" (13 TeV)
— ala L7 B [V = I B B B B B B R B
2106%_ \s =13 TeV, 27.5 fb” — NRHHK, =-5 s [ CMS S -
240°E- HH — bbbb "= NRHR K =1 i — e
s _E  Resolved Signal Region == NRHHx, =10 - &= Mixed data =
"GEJ 104? [ ] Multijet R Total unc. .
> - [ ] Hadronic tt 10° —=
010’ ? [ ] Semi-leptonic tt ;
102%— ~~ Stat+Syst Uncertaint .
10g " 4 -
1%_ L 10 3
107} i 1 2 :
= i e 1Y PN I I PSR S S S R
1O_ZEE -“-'-. ..:-- = % 0'4;_ ¢ (Data - background) / backgrc:und
_ | | | N P |“-|“L|-"I| _.1: é 0.3;— == (HH - bbbb signal) / background
-d 1.4+ ] o % /' [ 0.22_ Total uncertainty
(O] | P ’ be) =
%1.21 * 44 4 /a//éé// / g O;§
Los gz772 E oif
So6k . . + - =14 %% = fj;_
200 400 600 800~ 1000 1200 1400 O TR A ¥ S (X —
Reconstructed m,,, [GeV BDT output
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https://link.springer.com/article/10.1007/JHEP01(2019)030
https://link.springer.com/article/10.1007/JHEP01(2019)030
https://link.springer.com/article/10.1007/JHEP04(2019)112
https://link.springer.com/article/10.1007/JHEP04(2019)112

HH non risonante : combinazione risultati Run 2 (201 6)
HH — bbTT

Phys. Lett. B 800 (2020) 135103 | jm[te superiore SU UHH/GILSI% 3| 9596 (| Phys. Rev. Lett. 122, 121803

HH—> bbt*t - : 125 15 12 '

bbtt —e— Observed
Observed 31.4xSM
Expected 25.1xSM - - - Median expected

L e ———

Limite ATLAS : 12.5 (I15) osservato (atteso) Limite CMS : 30 (25) osservato (atteso)
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https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

HH non risonante : combinazione risultati Run 2 (201 6)

ATLAS

HH — bbTT C

M

* 1.t [eplone con carica opposta (e, [ 1)

¢ B pek nidlnre Tondo Lmultjer @ B

* Irigger: Thad, Thad+Thad, 4 € T Thad

Phys. Rev. Lett. 121, 191801 B[)

™
LI I LI I LI I LI I LI I LI | UL I LI I LI LI
™ 7
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S = ATLAS — NRHHx, =—5
0w {108k Vs=13TeV,36.1 0" - == NRHH;, = 1
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Ll = ThadThag 2 0-12gS [ jet - t,,, fakes (Multi-jets) =
o 1 Z — 1t +(bb,bc,cc) -
10" I jet — 1, fakes (t) =
— I Other -
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- ; 3 Uncertainty =
10%E fasnensnnan o eenn.iitet Pre-fit background -
------ @nrnnnng =]

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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- (Categorizzazione per numero di b-jet
Mt Phys. Lett. B 778 (2018) 101
CMS - - 35.9 o' (13 TeV)
'-';' - resolved 2b 1,71, ¢ Data
© 10*Echannel Il t
O F Multijet
N 10k Drell-Yan
Ei_ = I Other bkg.
e, ’ ] SM Higgs boson
=z Bkg. uncertainty
- S .- (k =1,SM)x 100
107" ﬁ —— (k, =20) x 10
102
N
107
N N | s MT2 Sstransverse mass:
10 massa piu grande
10 della particella
N m genitore compatibile
0 50 100 150 200 250 300 350 400 450 500  -on |a cinematica
My, [GeV] dell'evento
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
https://www.sciencedirect.com/science/article/pii/S037026931830008X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931830008X?via=ihub

HH non risonante : combinazione risultati Run 2 (201 6)
HH — bbyy

Phys. Lett. B 800 (2020) 135103 | jm[te superiore SU UHH/GILSI% 3| 9596 (| Phys. Rev. Lett. 122, 121803

HH— bbyy ; 20.3 26 26
Limite ATLAS : 20.3 (26) osservato (atteso) Limite CMS : 24 (9) osservato (atteso)
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https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

HH non risonante : combinazione risultati Run 2 (201 6)
HH — bbyy CMS

ATLAS

* Alto branching ratio (bb) + ottima risoluzione per m(YY)
& 1 o) bjet (R=04) » (atesorizazione desli evenil comiil e el
My = M(bbyy) - M(bb) - M(YY) + 2M4
JHER 11 (2018} 040 o
A Myy
Y - | L L L L B B CMS ey 35.9 o (13 TeV) Phys. Lett. B 788 (2019) 7
8 | ATLAS ¢ Data - L N LRSS R LR BN AL EL UL BN BB
o - Vs =13TeV, 36.1 fb~’ — Bkg-only fit 7 8 i pp—HH—-bbyy + Data -
S 6__2 b-tag, tight selection __ % 12 High-mass region Full background model ~_ mJJ
72 = — .
E : : :>J> 10:_ High-purity category ... Nonresonant background - 0 CMS Pipprm——— 35.9 fp! (13 TeV)
~ T T 1t ' T rr T rrrrrrrr;
L 4__ N o ——— SM HH signal (x20) - E E pp—HH—bbyy ¢ Data
= - I i % 25:— High-mass region Full background model —:
- ® - - n -
- . - é - High-purity category ... Nonresonant background
- -+ L - —
21 11 | ] 20: ——— SM HH signal (x20) -
- 46— (IR XX $ 1 i -
| EEEELL § PR S UL H"‘H‘“l‘ CHOT E
2 4 = DIt ety - t :
0 - . 150 160 170 180 - -
' 2| ¢ l l * * l l l li m,, [GeV] n ]
£ -
CDU 0 e ____l__*__}_____ Y WY ¥ R = | [ee— ——— -
wEE BN RN B i BRI B R AN SRR B
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https://link.springer.com/article/10.1007/JHEP11(2018)040
https://link.springer.com/article/10.1007/JHEP11(2018)040
https://www.sciencedirect.com/science/article/pii/S037026931830827X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931830827X?via=ihub

HH non risonante : combinazione risultati Run 2 (201 6)

Altri parametri fissati al valore SM K¢ = |, €2 = €2g = €1 = 0

Phys. Lett. B 800 (2020) 135103 Vincoli al parametro K Phys. Rev. Lett. 122, 121803
B 10:|||IIIIIlllllllIIIlIllIIIIIIIIIIIIIIIlIIIIIII: o CMS 359fb'1(13TeV)
= g 1 |7 " Exp. 95% CL limits 3900 T 955 G L. upperimits § § § §
T - - H L ¥ = Observed
L - e . 1 |~ Obs. 95% CL limits 30000 N - = =+ Median expected O S cccsssesssnns S 2P0
% L m====-N____  SMi P —_ " Sl A H I 68% expected bbTT
o | e i H , [ 95% expected bbyy
" 1 - e 3 = ‘ 3 § >00 H : ; i Theoret;ical Predict;ion boVV
b@ N s\ ,, ~ : H .- : : :
- N\ - % 2000 i . SO SOUSORN SRS
- Allowed x, interval 1 | T 1500k R DN\iebe
10-1Lat 95% CL _ comb. S
- Obs. Exp. = Comb. +1o (exp.) © 1000
- (Exp. stat.) ATLAS :
" -5.0-12.0 | -5.8-12.0 (s =13 TeV ] £-omB. £20) (OKp:) 5001 e —
- -5.3-11.5 4 7 H
X I I I( I )I I 27'|5 ) 36.|1 fo | " Theory prediction - :
— (I 1 T T T T T T T T T T T T T T A O I T I I T i y N TE T T
10°" 20 45 10 5 0 5 10 15 20 20 THE e s 0 50 1520
K5 KA ! Asu

ATLAS: =5.0 < K\ < 12.0 osservato CMS: =11.8 < k)x < 18.8 osservato
=-5.8 < kKx < 12.0 atteso =7.1 < K\x<13.6 atteso
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https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

HH non risonante : | 2 benchmark

 Variazione “continua” di tutti | parametri
Nuove costanti d'accoppiamento

KA, K¢, €2, C2g, Cig

HH Oltl'e || MOdeHO Staﬂdal”d BSM - Spazio delle fasi raggruppato n .l

benchmark con caratteristiche simili

Modello Standard

9 oo000) L g - ‘----H | 2 benchmark
H v o6 m—r— e
[ ( 2 g ./K)\ | ( 2 { Benchmark k) Kt C2 Cgq C2g
K¢ > Ke 1 75 10 -10 00 00
g TOO00 \ H (g < . S H 2 1.0 1.0 0.5 —0.8 0.6
3 10 1.0 -15 00 —0.8
4 -35 15 =30 00 00
BSM 5 1.0 1.0 00 08 -1
. _— . 6 24 1.0 00 02 -02
(2,% 111 . 7 50 10 00 02 —02
- e @22 NS @ 1L § 8§ 150 10 00 -1 1
a \.J ‘ K e S : -
O : B . P 9 1.0 10 10 -06 0.6
~ . : o ' 10 100 15 -1.0 0.0 0.0
| 11 24 1.0 00 1 -1
, 12 150 1.0 10 00 0.0
arXiv:1910.00012 SM_ 10 10 00 00 00

arXiv:1608.06578

T ————
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https://arxiv.org/abs/1608.06578
https://arxiv.org/abs/1608.06578
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012

HH non risonante : | 2 benchmark

 Variazione “continua” di tutti | parametri
KA, K¢, €2, C2g, Cig

Limite su oy per 1 |2 benchmark = spazio delle fasi raggruppato in |2
_— o benchmark con caratteristiche simili

\e) ~N
e Observed ' F° ‘9‘0“\ 006\

CMS supplementary s [ -

68% expected

0 -1
= 10" [ hcoumes s Hogeboson ranchingator Pt 2 benchmark
g_ : o! : Benchmark k) Kt Co Cg C2g
= 1 75 1.0 —-1.0 0.0 00
S 10° 2 10 1.0 05 -08 0.6
-E 3 1.0 1.0 -15 0.0 -0.8
- 4 -35 1.5 -3.0 0.0 0.0
S 5 1.0 1.0 00 08 -1
3 102 6 24 1.0 0.0 0.2 —-0.2
© 7 50 10 00 02 —0.2
§ 1 2 3 4 5 6 7 8 9 10 11 12 SM k=0 § 15.0 1.0 00 -1 1
Shape benchmark 9 10 1.0 10 -0.6 0.6
I _ﬁ 10 100 1.5 —1.0 0.0 0.0
11 24 1.0 0.0 1 —1
_ 12 15.0 1.0 1.0 0.0 0.0
arXiv:1910.00012 SM 1.0 10 00 00 0.0

arXiv:1608.065/8
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https://arxiv.org/abs/1608.06578
https://arxiv.org/abs/1608.06578
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012

HH risonante : combinazione risultati Run 2 (2016)

- Risultati ottenuti negli stessi stati finali analizzati anche per HH non risonante

= Strategie di analisi molto simili

= Aggiunta di topologie boosted (massa della risonanza fino a 3 TeV)

ATLAS

HH — bbbb : 2 jet boosted (R=1) + sub-jet b-taggati
JHEP 01 (2019) 030

HH — bbyy
selezione “loose/"tight” basata sul pr del jet
ol oo > e~ 500 GeV

= ole et Y i — HU0 Gey
JHEP 11 (2018) 040

HH — bbbb

JHEP 08 (2018) 152 = 260

JHEPR (01 {2019} 040

Phys. Lett. B 781 (2018) 244

Events

HH - bb/v/v
JHEP 01 (2018) 054
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Semi-resolved, fully-merged
750 1200 3000 mx [GeV]
CMS R —— 35.9 fb' (13 TeV)
e*e"channel : ¢ Data L.t
350 Signal (5 pb) | Drell-Yan
. ——m, =400 GeV [y [l Singlet
Uncertainty A"

300 -

SM Higgs
250

m, <75 GeV . 75sm <140 GeV m, = 140 GeV

200

TTTTTTTTTTTTITTTITITTTITI]ITTT
RN RN LR LR

150

DNN output at m = 400 GeV, m, bins



https://link.springer.com/article/10.1007/JHEP01(2018)054
https://link.springer.com/article/10.1007/JHEP01(2018)054
https://link.springer.com/article/10.1007/JHEP08(2018)152
https://link.springer.com/article/10.1007/JHEP08(2018)152
https://www.sciencedirect.com/science/article/pii/S0370269318302806?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269318302806?via=ihub
https://link.springer.com/article/10.1007/JHEP01(2019)040
https://link.springer.com/article/10.1007/JHEP01(2019)040
https://link.springer.com/article/10.1007/JHEP01(2019)030
https://link.springer.com/article/10.1007/JHEP01(2019)030
https://link.springer.com/article/10.1007/JHEP11(2018)040
https://link.springer.com/article/10.1007/JHEP11(2018)040

HH risonante : combinazione risultati Run 2 (2016)

arXiv:1910.00012 Limite superiore su O (risonanza spin=0) AN
Phys. Lett. B 800 (2020) 135103 o — .

S Preliminary 35.9fb™" (13 TeV)
| | | |

'E [ T T T T T T T I T 1 — | T | T | | |
i Exp. 95% CL s. 95% O | _
s ?TLAS | 1| s — s = —— bblvlv JHEP 1801 (2018) 054
I =13 TeV, 27.5-36.1 b - . — -
T 10g s=13TeV, 27.5-36.11 E T 10° —— bbrr PLB 778 (2018) 101-127 —
J) - spin-0 1 | Tebww —bbbb :IT: - —— bbtt JHEP 01 (2019) 051 3
! 1_ O X —— bbbb JHEP 08 (2018) 152 ~
o — = —— Comb. (obs. Comb. =10 — - —
= : - comp- (00s) I (exp) ch —— bbbb JHEP 01 (2019) 040
- - Comb. +20 3 — |
N D 2 1 | ee % 10° — bbyy Phys. Lett. B 788 (2018) 7 =
107" E c r - —— Combination PRL 122, 121803 (2019) -
hMSSM : : s [ -
- . - i
p—— i T = — Observed
21— _ ——
ATLA S E 102 =
e S - = Expected [ Observed - . 10 — EXpeCted =
2;;_13%?;{)_1 - = +]10 (exp.) ===+ Constant ms [GeV] - | o | . O | Spin-0 ]
hMSSM N — u
Y] M — e — gy 3x10° 10° 2x10° 3x10° R 7
o d . . ms [GeV] (@) B .. ]
- §e—— — 10 — . :‘~. _ =
E B | | | | | | | | | N | ]
B 300 400 500 600 1000 2000 3000 4000
: m, (GeV
¥ g
7 /7 . ]
all I . P A WO ¥ I W VR g
500 550 arXiv:1210.00012

A
400

s v e et bl | I NN | P NN T |
200 250 300 350

Phys. Lett. B 800 (2020) 135103
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https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012

HH risonante : combinazione risultati Run 2 (2016)

arXiv:1910.00012

Phys. Lett. B 800 (2020) 135103 | ;i

te superiore su O (risonanza spin=2)

arXiv:1910.00012

_ , - : CMS 35.9 fb™ (13 TeV)
e - | Exp. 95% CL Obe. 95% CL ) = T T T T T T T T =
2 i ATLAS ’ Iim%s DT — “mﬁ's ° = C —— bblviv JHEP 1801 (2018) 054 .
T 1oL \s =13 TeV, 27.5-36.1 fb" | T B ——— bbrr PLB 778 (2018) 101 |
- - : = — W'WWW  — WWryy T ) —— bbrr JHEP 01 (2019) 051
) . spin-2 . >T< 100 E- ——— bbbb (2+2) JHEP 08 (2018) 152 =
X 5 7 BW'W bbb a bbb .
< | v i = bbW'W = bbbb ? - —— bbbb (2+1, 1+1) JHEP 01 (2019) 040 7]
Q) 1L k/MPI =2.0 | % - —— bbyy PLB 788 (2018) 7 |
) = o E - bbt't ~— bbyy 5 Comb. (2+2, 1+1) PRL 122, 121803 (2019)
= B SO N S A N - =e= Comb. (0bs.) (exp.) - — TeSe- ob 5 _
3 B — Observe 7
| 10 = Comb. +26 £ [ i
Bulk RS
S = (exp.) u — --- Expected
~ - O 102 == -
i . X =
-2 O = ) —
107°F A N N i
E i 10
2 3 3 B | | | | | | | | | |
3x10 10 2x10 G3X1 0’ 300 400 500 600 700 1000 2000 3000
mg_[GeV] m, (GeV)
S —— SRS s 2 e —
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https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://www.sciencedirect.com/science/article/pii/S0370269319308251
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012

HH — bbVV (non in comb.) e HH — bbTT

HH — bbVV HH — bbTT
HH - bbWW(qq/V) Juepr 10(2019) 125 * Interpretazione anchie nel medeleialissi
e boosted F | et (dg) T | leptone *  ma escluso tra 230 e 360 GeV, tanP fino a 2
Phys. Lett. B 778 (2018) 101 hMSSM
CMS - - 35.9 fb' (13 TeV
. . . & _""l"":l'.':'>'.l"'>":l'";‘I"';él"';'l
HH = bbZZ(#qq/vV) |imite per mx (spin-0) Sosfrwssmi 30 1 11 i
. L ;o CMS 35.9 b (13 TeV) [ £ EE : : : :
Prima analisi che studia | T i T s 3l | )
decadimento adronicodiZ  § [ 1w
1 i o % expected = _ 1 | - -
L OBA e, s 25[ | § ¥
L SN N2HDM H3 — bbZZ (tan() =0.5) | i 3 5 : T
s (BRI —— teows oz -os _
S N — N — — I
e, =N 2 -
| z . ' _
nterpretazione anche nel | ¢ | e 1 el A ;
modello N2HDM (exo)
B R S "200 250 400 350 400 450 500
_ ' [ | Observed 95% CL excl. Expected +1o
Phys Rev. D 102 032003 | mx’ Spmo[GeV- ---- Expected 95% CL excl. Exgected +20 mA [GeV]
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https://www.sciencedirect.com/science/article/pii/S037026931830008X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931830008X?via=ihub
https://link.springer.com/article/10.1007/JHEP10(2019)125
https://link.springer.com/article/10.1007/JHEP10(2019)125
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.032003

HH — bbZZ(4¢) Full Run 2!

- (Canale di decadimento mai studiato prima

CMS-PAS-HIG-20-004

+ 4 leptoni + 2 jet Limite superiore su oy /o5y al 95% CL

 — -9 <Kx< 14 osservato

-10.5 < Kxa< 15.5 atteso

137 fb-' (13 TeV)

& Fohde principale  H (SM)

5 | oM Proiminary | st
. . . Bl Expected :lz.d. ' '
»  BDT per discriminare segnale-fondo & | | Epeteaszed Vincolr al parametro Kx

137 b1 (13 TeV)
10° -

- Theory Prediction
! CMS —— Observed 95% CL Limit

: Prellmlna,y """ Expected 95% CL Limit
I Expected +1 s.d.

BDT 1
e | 137 f0 (13 TeV)

c 10%¢ — 27 al [ Expected +2 s.d.
Ie! - 9g—ZZ-
2 o5k CMS TG0 —ZZ—4 T 10
2 2 imi I SM Higgs iy
2 (o4 FPreliminary BtV where V = Z, W I
c 35 BB VVV whereV =2 W T
5 - -o-Data ‘?f
10 - - HH—bb4l signal Og
10 S
-l
1 O
<
107" 10" 1 ' ' . 0 107
107 2016 2017 2018  Combined
107° _
4
10y 208 -06-04-02 0 02 04 06 08 1 122(102) 59(88) 53(61) 30(37) ol | | T ,
BDT score -20 -10 0 10 20
osservato (atteso) k,

Sl 106" C ongresso Nazionale, | 8 Settembre 2020 Lisa Borgonovi 2|


http://cds.cern.ch/record/2725691?ln=en
http://cds.cern.ch/record/2725691?ln=en

VBF HH — bbbb Full Run 2

* Modo di produzione mai studiato prima — accesso diretto alla costante di accoppiamento quartica (VVHRH)

VBF non-resonant HH (k,,=3.0)

NON risonante risonante

g (el centrall & 2 et ad alto pr Produzione VBF
JE———— e
* Fondo principale : multi-jet
q
M4b
ooy
> :|""l""l""l""l""l""l""l""
3 - ATLAS ®  Data2016-18
o 104 =3 T Multijet
N = V(s=13TeV, 126 fb" ] Alhadti
2 3| Signal region B Non all-had tt q
GC) 10 = |:] ggF non-resonant HH
LI>J E Post-fit uncertainty
102 = 4 : : “ % Spin-0 narrow resonance (800 GeV)

st e st GHH(VBF)/GHH(VBF) 840 (550) osservato (atteso)

—
<
T (T T

& 2 i ‘ e - .

= 1;?.-.-._\.»\“”&& 4 + \*\\\\\\\\\\\\\\ E Vincoli sulla costante quartica Kav ¢

v -

s -0.76 (-0.91) < Ko < 2.90 (3.11) osservato (atteso)

200 300 400 500 600 700 800 900 1000
m,, [GeV]

JHEE 07 (2020) 108
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https://arxiv.org/abs/2001.05178
https://arxiv.org/abs/2001.05178

HH — bbéVvév e HH — bbTT boosted Full Run 2!

HH — bb/viv HH — bbTT boosted
f i o [ Y WWWILATT + Estensione dell'analisi gia esistente
=0l ) |cptonl con carica opposta * Nuova tecnica di ricostruzione delle eappie ali
poosted: Thad ricostrurti come | jet (R=1) con piu
3363 Neural Network sub-jet (R=0.2), bb come | jet (R=1)
drw = [pra /(0rop + P20 +p7-77)| © DNNF Boosted jet
- | - I I I | | I I | I e | M M)
; 107 :E ATLAS ° Data ; ag Su bb e % ml—”—l T tracks
= - Vs=13TeV,139fot =2 P et
u>J106gSeIection: l:lOt:\erJ 3 [2) L L L L B %
5 SR, SF+DF and no dy, cut HH (% 20) & S N ATLAS e Data e
107 3 — fs=13Tev, 13917 XoHHm-t2Tey - % 5
104 . -~ Signal region — Zeht N Iso-track
; 5__ Zrtt+lf ]
103 1 : — ;/I’;Jhi-jet . dO/
102 3 { : SM 45— /4 Sﬁmrzgriainty —E o T
101 ¢ | imite sl o710 S e :
HH'HH 3F : .
70 : - arXiv:2007.14811
40 (29> ol -
| 10-1 | | | | | | - | -
8 112.2 T | | | | | | | | I § oss. <att.> 1:_ / ] E
> 7o MLt IR ' : - L
S 07| “\) \ VUeereretiitsissisiiiisitinisinsnd  fondi molto piccoll
A 05 L 0 T 4 N 600 800 1000 1200 1400 1600 1800 2000
B L S o Visible HH mass [GeV]
" Phys. Lett. B 801 (2020) 135145 o | = cut and count
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https://www.sciencedirect.com/science/article/pii/S0370269319308676?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269319308676?via=ihub
https://arxiv.org/abs/2007.14811
https://arxiv.org/abs/2007.14811

High-Luminosity LHC : cosa ci riserva il futuro!

. . HL-LHC project
HL-LHC : 3000 fb! (luminosita integrata), v/s = 14 TeV, HL-LHC schedule
pile up = 200 “) LHC/HL-LHC Plan HiLum™
= upgrade dei rivelatori ATLAS e CMS — —— T e
: 13 TeV “ 13-14 TeV “ 14 TeV enevgy
= Higgs-factory! e

upgrads phase 1 e ATLAS - CMS

5 to 7.5 x nominal Lumi
R2E project regions 2
_\ Civil Eng. P1-P5
| 2on | 2012 | 2003 [ 2014 | 2005 | 206 | 207 | 208 | 200 | 2020 [ 2021 | 2022 | 2023 | 2024 | 205 | 2028 | |Illllﬂ»
ATLAS - CMS —

Risultati di fisica previsti ad HL :

ATLAS

Estrapolazione risultati ottenuti con dati Run 2 (2016), c
riscalati per la luminosita e sezione d'urto a |4 TeV
eccezione: HH — bbyy : prestazioni del rivelatore
con upgrade per HL parametrizzate

mulazione parametrica del rivelatore con CMS
upgrade (DELPHES) + pile up |

HH — bbbb, HH — bbyy, HH — bbTT,
HH - bbWW(bb¢v¢v), HH — bbZZ(4¢)

HH — bbbb, HH - bbyy, HH — bbTT
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https://project-hl-lhc-industry.web.cern.ch/content/project-schedule
https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

High-Luminosity LHC : ATLAS + CMS

Vincoll su Kx

” - ‘f !

ATLAS and CMS HL-LHC prospects

Assunzione sugli errori sistematici :

3 ab-! (14 TeV)

e |2 [=ollehe ridotte di Un fattore 2 rispetto 12
alle analisi Run 2 < [ SM HH significance: 40 — Combination
é 10— 0.1<k1<2.3 [95% CL] _
= incertezze sperimentali scalate come 1/+/L "l 0.5 < x1<1.5[68% CL] 7 by
99.4%cCL 8 v\ /N bbrr
Significanza (In O) per la produzione HH (Ka=1) 6} -
. e : | B bbZZ*(4)
Statistical-only Statistical + Systematic 05% CL 4L N\ - BEVViiviv
ATLAS CMS ATLAS CMS ;
HH — bbbb 1.4 1.2 0.61 0.95 e olo CMS
HH_’bbT T 25 6 21 14 68% CL :___:__\‘ e
HH — bbyy 2.1 1.8 2.0 1.8 N AT TP S VPT A FOUR
HH— bbVV" : 0.59 : 0.56 =2 -1 0 1 2 3 4 5 6 7 8
HH — bbZ Z(4¢) - 0.37 - 0.37 K2
Combination 3.5 2.8 3.0 2.6 S
4.5 4.0 CERN-2019-007
. ——— arXiv:1902.00134
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https://cds.cern.ch/record/2703572?ln=en
https://cds.cern.ch/record/2703572?ln=en
https://arxiv.org/abs/1902.00134
https://arxiv.org/abs/1902.00134

Conclusion

Meccanismi di produzione e decadimento di copple di bosoni di Higgs sono fondamentall per capire Il settore

dell'Higgs

HH non risonante

ATLAS
= |imite superiore osservato (atteso) sulla sezione d'urto HH ;;; l(cl))Zg)SMSM gb%/\
; : X .
= neelisukn. 0 (538 =K< |20 (120 ATLAS CMS Q/Q\Q
118 (-7.)<Kkra< 188 (136) €MS e

risonante : limiti per gravitone spin 2 (Kaluza-Klein), radion spin O, interpretazioni in hMSSM, N2HDM, ..

Nuovi canali di decadimento esplorati :VBF (ATLAS), HH = bbZ/Z(4¢) (CMS) = Full Run 21—

e | N corso per tuttl
Fase ad alta luminosita HL-LHC : Higgs factory ol altri canali d

= ottimizzazione degli algoritmi di ricostruzione e identificazione decadimento!

= sviluppo di nuove analisi dedicate per ottimizzare la rimozione dei fond

= potenzialita per misure di precisione nel settore dell’Higgs (e interessanti scoperte di nuova fisica?)
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