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Le motivazioni dietro alla misura della massa del bosone di Higgs &

A . . Esempi di diagrammi produzione o decadimento:
La massa del bosone di Higgs 1, € un parametro fondamentale e libero del Modello AD-P— ) P

Standard: | ] :
= e sezioni d’urto di produzione o € i rapporti di ramificazione (decay branching ratios) ‘
del bosone di Higgs, cioe gli accoppiamenti del’Higgs con tutte le altre particelle, s

sono stabiliti solo quando n1y ¢ fissato

= my ha un ruolo chiave nei fit globali EW e nella stabilita del vuoto EW
Phys. Lett. B 843 (2023) 137880 Phys. Lett. B (2023) arXiv:2308.07216
! T T rrrrTTTT Tt T T T T T

— Serve una misura
sperimentale di 771!

[T
r ATLAS

> Data B = i — i i i I I é
8 o ATas o e 81223)_ ATLAS o E Le precedenti misure di ATLAS e CMS nei canali H — yy e
= [ feomeTev et o 1 S U fs=13Tev, 140t Background H—> Z7Z* — 4]
g 100 7 W) unceraity B %1400—_ H - vy —— Signal + Background ]
> 2 - — . - - - - .
T ool f S S Al categories = = Ricostruzione cinematica completa dello stato finale
- ) 1 5 = In(1+ S30°/BZe") weighted sum R . . . . .
60l % . § § 800 1 = Migliore risoluzione in massa invariante sul segnale
B | 1 ®eo0- | &
400;— 1
200;— E \
0_ [ o b by b T
0 <4— 110 120 130 140 150 160 o
10120 130 140 :’fo[ Ge:/]eo my, [GeV] YV Analisi presentate
4] '
Visure di m ATLAS Run1  ATLAS + CMS Run’ ATLAS Run1+Run2 * oggr
ISUr I .
H H— yy vy + 4l H— 4l Yy + /

e e e e

2012 2015 2022 2023
Precisione delle misure di n1;: 0.4% 0.19% 0.14% ?% (yy), 2% (yy+4)
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Misura della massa del bosone di Higgs in decadimenti H — yy con 140 fb~!
da collisioni pp a \/E = 13 TeV con ’esperimento ATLAS
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H — yy Run 2: |a strategia dell’analisi ul

> e L ]
i . 1800 -
= Dati: dataset completo Run 2 (2015-2018) collezionato da ATLAS a \/E = 816005 ATLAS —$— Data .
13 TeV per una luminosita totale integrata di L = 140 fb-1 514003 Vs=13 TeV, 140" === Background -
. . ) o ) / = - —_—c -
= Obiettivo: misurare 1, dalla posizione del segnale risonante 5. 500k Signal + Background - 3
o - All categories ]
;1 C obs ;5 0bs . -
_ ] ] . . . N o « 1000F In(1+ S2%/B) weighted sum
= Selezione degli eventi per ridurre il bkg y-jet e di-jet cercando due fotoni di £ 800F =
buona qualita (identificazione tight, isolati) o E
1) Categorizzazione degli eventi ottimizzata per ridurre l'incertezza tot 400F =
sperimentale su m1y 200F =
L 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1
2) Modello analitico del segnale « 11, V categoria 0110 120 130 140 150 160
" . Phys. Lett. B (2023) arXiv:2308.07216 My, [GeV]
3) Modello analitico del background V categoria
. . , . Selezione degli eventi
4) Incertezze sistematiche sperimentali (PES)
. . . . . 2015-2016: HLT_g35_loose_g25_loose +
5) Incertezze sistematiche secondarie e dei modelli - 5 totoni | HLT-g120 Joose 99— 979
L . . . . rggers per 2 1otoni - 15017-2018: HLT_g35_medium_g25_medium +
6) Modello statistico, risultati attesi e osservati HLT_9140_loose
« Fit simultaneo di massima verosimiglianza su tutte le categorie sui
. - : . | Loose ID, p; > 25 GeV, |n| < 2.37 evitando la
dati Preselezione dei fotoni | Z250 deﬁ;raek nl
Valore di my ed errori dallo scan della likelihood Vertice a 2 fotonida | Migliora I'efficienza di classificazione dei
Rete Neurale vertici e della risoluzione in myy fino all’ 8%

7) Combinazione in H — yy Run1 + Run2

, , , Tight ID, isolamento FixedCutLoose,
Selezione finale suty | Vm  50.25(0.35), m,, in [105,160] GeV
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1) H — yy Run 2: categorizzazione |
Phys. Lett. B (2023) arXiv:2308.07216 == E
Obiettivo: dividere gli eventi in categorie mutualmente esclusive ottimizzate a ridurre ‘ £
incertezza totale su :
- Categorie con diversa risoluzione su m,,, sistematiche PES e rapporto S/B R W
= Molte categorizzazioni testate, comparando modello S+B completo high p., high p_, \
sistematiche piu bass medium p medium p °
Categorizzazione finale: 14 categorie basate sulle variabili cinematiche dei y come ), =0v_,) n n S
and stato di conversione T
low p_ low p_ q)s
= Stato di conversione: O (tipo-U) or > 1 (tipo-C) y convertiti ”5 2
= Pseudorapidita |n|: - Barrel centrale (entrambi y |n| < 0.8) nigh Py, S 'a,é’
- Barrel esteso (> 1 yin 0.8 < |n| < 1.37 & non nel’Endcap) egium Qc)%{,?
) Tt <
- Endcap (> 1vin 1.52 < |n| < 2.37) T o
i : Alto/Medio/Basso (limiti usati 70 e 130 GeV) ow b,

] IBUOU rapportq S/ B _ Central-barrel Yter-barrel Endcap
— ATLAS =
Vs =13 TeV, 140 fo ‘,ﬂH—wy_é

Fitted S+B
aees Bonly
+ U, Gentral-barrel, high p”"

Guadagno sull’incertezza totale su 771, dalla categorizzazione: L

= -17% comparato alla misura inclusiva (1 categoria)
= -6% comparato con I'analisi parziale Run 2 @36 fbo-1 (31 categorie

Migliore risoluzione

g Vs=13 TeV, 140 fb", Hoyy
@ aF U, Outer-barrel, high p!; .

3 50

TITl

nly

Data - Bkg o
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https://arxiv.org/abs/2308.07216

2) H — yy Run 2: modello di segnale < ni il

= Con campioni simulati Monte Carlo di segnale a 9 diversi valori di my tra 110 e 140 GeV

= | a distribuzione my, del segnale risonante € modellizzata con una funzione Double-Sided Crystall Ball (DSCB): picco gaussiano
(Ucp, Ocp) € code descritte con leggi a potenza

= Per ottenere la dipendenza della forma di segnale da miy, i parametri della
DSCB sono parametrizzati con una funzione in my V categoria: fit simuta eo

Hes(my) = my + B, +A, (my— 125 GeV)
GCB(mH) - BGCB + AGCB(mH - 125 GGV)

sui 9 campioni MC per ottenere i valori dei parametri A o (My) = g4y, Aprign(Mpr) = Apyign
nLow(mH) = Npow | 125GeV nHigh(mH) = nHigh |125GeV
. . > 0_22 : I T T T I T T T I T T T I T T T | T T T I T T T I T T T | T :
Simultaneous fit for category UU Cen Low O] 0.2F ATLAS Simulation U-type, Central Barrel, High py/ 3
Esempio di fit & " ATAS vorcs ogress T O gygf 5=13Tev ove —soaue 3
. P - DSCB 122 GeV e} ' C _ 1
simultaneo per § =E Pk 0.16E- MYy, m,=125GeV G-type, Endcap 3
1 categoria: o — i ~  0M4F ave o 3
: DSCB 140 GeV 0.1 2 - =
= «=0. +0.007 Ge - =
o o o — £ "7 E
- B, = 1.4574 = 0.0066 GeV < E .
10— A, =0.006 = 0.00058 zZ 0.08F 3
E chow=2.12 + 0.02 'o 0 06 :_ _:
E_ ®gn = 1.43 +0.02 Z . E E
S SR 7)1\ W — — 0.04 =
m{GeV 0.02F , ]
g 08" 124 126
&) 2
: o 4 . :
£ = Esempio del modello di segnale Phys. Lett. B (2023) [GeV]
%0 700 TR 130 40 180 160 17'[% N per 2 categorie a 125 GeV: arXiv:2308.07216 mYY
m,, [Ge
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3) H — yy Run 2: modello di background gl

Il bkg ¥y QCD non-risonante, yy irriducibile ( ~ 80 %) + y-jet + di-jet riducibile ( < 20 %), & modellizzato con funzioni analitiche V

categoria ed & quasi completamente basato sui dati 35000k " ATLAS Workinprogress | Weemion
. N " . — 4000 —— Template =
* | a misura della massa non e molto sensibile al modello di bkg 2 a000. :
Strategia V categoria: W 2000f
1000;*
1. Misurare le frazioni dei bkg y v, yj € jj con un metodo ABCD Qb
o 12717 7T 1 T T
, , , , , T o, —i
2. Costruire dei templates di solo background partendo da un campione yy, ripesando g {Rretete ,.,;,,,,,,,,,,,,,,,‘Mwm,&fwgﬁ
: : : : . TR Iy = ] E
la distribuzione di m.,, con le frazioni di yj and jj B ot
vy & %0 120 130 140 150 160
3. Eseqguire il test dello Spurious Signal per determinare la funzione analitica + ' m,, Z[GeV]
sistematica: test di un set di funzioni analitiche (exp, leggi a potenza), scegliendo la _c*<& myg__ ns  Fanction  p(x")%
funzione che minimizza il bias sul template di solo bkg col minimo numero of g.d.l. UU Cen High 127.0 0235 Exponential  27.1
Background fit for category UU Cen Low 38 gen yed ggg 5;;1 E})E(pogellltlzal 5(1)2
- . . . . - : en Low . xpPoly .
4. Parametri e normalizzazione fittati sulle 3 ATLAS Work in progress. |, 29" UU OutBarrel High | 125.5 0766  Pow 413
bande laterali dei dati in m,, € [105, 160] GeV, &~} Bk fit UU OutBarrel Med | 1260 492  ExpPoly2  53.1
. o PN ::‘:67"1‘;95";‘392 UU OutBarrel Low | 123.5 349  ExpPoly2 26.4
escludendo la regione m,,, € [120, 130] GeV. Rl UU EndCap 1230 63  ExpPoly2 156
ook Conv Cen High 126.5 -0.529 Pow 21.3
- Conv Cen Med 123.5 6.99  Exponential 8.27
200 Conv Cen Low 1245 212 ExpPoly2 40.5
C Conv OutBarrel High | 126.5 2.35  Exponential 12.8
100 Conv OutBarrel Med | 126.5 6.97 ExpPoly2 69.1
- Conv OutBarrel Low | 125.5 28.7  ExpPoly2 594
T T Conv EndCap 126.5 137  ExpPoly2 1.53
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4) H — yy Run 2: incertezze sperimentali sistematiche principali, PES ul

Le principali incertezze sperimentali sistematiche sono le sca'e di energia dei fotoni (PES) che influenzano u g, V categoria:

m,, distributions for cat. UU Cen Low for syst. EG-SCALE-ALL Scale systematlcs fOI’ cat. UU Cen LOW

x10°

* Beneficiano dalle eccellenti raccomandazioni di calibrazione EGamma . .. R v T
* Procedura: campioni MC ausiliari dove le variazioni sistematiche (£16) sono ‘= { ol
H . \ . . . . 65 @g v 0.2f-
applicate a monte e il loro effetto e propagato alla distribuzione di m,, 13 o £ 0 EE (T Eﬂ N J
e P S: 67 impatti valutati come variazione della media della distribuzione dim,,, .- - § Eﬂj H
?2:) _ - . 22 123 124 12 5 126 127 128 129 1 30

Riduzione ulteriore per le PES proviene dal fit della linearita EGamma:

, | S | v impact " v category
* Misura delle scale di energia residue con dipendenza dal pr
/ i i [ i i = X1'0T3 L 1 1T ] O 2—\I\IIIIIIIIIII\I!IIIIYIIIIII!IIII\I\IIIII—
a come funzione delle PES nominali (py-dipendenti) da= S~ ATLas 3¢ ¥ Hias T T
. : : ls=13Tev, 140" 3 “F Is=13TeV, 140fb’
eventi Z — ee in (py, 1) bins I <0.6 E :
Eg.i = Epmcll + a1 +a'(nl,pr)] E
Nsys E
a’ Z 6’k E _1;_
Pre-fit. unc. _E 1.5 Pre-fit. uncertair?ty
k ’;Oi-fgeugzia —; _2Eé\ml\IIIT’(I)SIt-IﬂtIlntiIe:ItaIITt}IlIIIIHIIIIII]IIIIJI\IIIIIIIE.
* Le nuove sistematiche sono ottenute da un fit della 6 Jyeedam ] i T '
parametrizzazione delle scale sulle scale residue misurate © 720 40 60 80 100 120 140
, . . L . . E+[GeV]
* 'output del fit consiste in incertezze sistematiche e
constrette e correlate JINST 19 P0O2009
UNIVERSITA (X A AS -
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4) H — yy Run 2: incertezze sperimentali sistematiche principali, PES ul

Linformazione dal fit della linearita EGamma ¢ propagata all’analisi della massa in y:

e Applicando le scale di energia residue pp-dipendenti per ogni fotone sui dati per ottenere i nuovi valori di m,,

e Modificando i vincoli sui NPs nella funzione di likelihood, usando una Gaussiana multidimensionale con la matrice di covarianza
del fit della linearita, al posto di tanti vincoli gaussiani 1D indipendenti

I I G(O] Qj’l) - G(0]9, Z nypXTiyp) 3 8005 ' ATLAS E
j % 700 _ \{IEEI 3PTe_v, 1 4|§)bft3t:', Hoyy 3
§ 600 ;_ [CTTT] New calibration, w/o linearity _;
g 500 ;— | XX New calibration, w/ linearity —;
La riduzione finale delle incertezze sistematiche PES ¢ vicina a un fattore 4 =2 ggg——|—|_\\\ W1 E
rispetto alle precedenti nell’analisi parziale Run 2 @ 36 fb-1! —» 3 W d I
) \TTTY A Wy AL
o 100 .
GC) Oiﬁiﬂiﬁiﬁiﬂ Q &£LEg EEFE EE EFE EF EE Q
® : S GC
i) 2 2
o T} w
i =) 9]

5) Incertezze sistematiche secondarie: altre ~ 10? incertezze sono incluse nel
modello, slide 27 in backup

U, Central-barrel, high p

U, Central-barrel, medium p

U, Central-barrel, low p,

U, Outer-barrel, high p,

U, Outer-barrel, medium p
U, Outer-barrel, low p“:

C, Central-barrel, high p

C, Central-barrel, medium p

C, Central-barrel, low p

C, Outer-barrel, high p

C, Outer-barrel, medium p,

C, Outer-barrel, low p

Phys. Lett. B (2023) arXiv:2308.07216
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6) H — yy Run 2: risultati attesi e osservati il

Il fit & eseguito simultaneamente sulle 14 categorie dell’analisi con 14 signal strengths ps, uno per categoria

Risultato atteso per 1y, My guny= 125:00 £ 0.15 GeV = 125.00 % 0.12 (stat.) % 0.09 (syst.) GeV

Risultato osservato m1;; dal rapporto di verosimiglianza (profile likelihood ratio):

Precisione 0.11%!

2 1__|II‘II\I|\III \III|III\|I|II TTTT TTTT \II||:
= 7k - > S T 1 T T 3 ’ ; :
c f Atas | : 5 3 arLas . mesitvae 1 Alluscita, era la misura
N pp Vs=13Tev, 140 — Totl = £ 25F (s=13TeV, 140", Hoyy [romunceainy 3 pil precisa of niy da un
C ] o = ] )
- Hovy --- Stat-only s 2F . s 3 singolo canale!
5__ - o 1 5:_ . =
L \ N . e ~ME O ° (] ]
C \ \ ! / ] ) E . . .
4F : 20 S || ¢ ot bl Uiy BB L=
- | ! ] B 050 .
3r E © S | | | | | | | | | | L]
C ] . 5 0 ?Q_ﬁ ;Q_ﬁ S‘Qﬁ ;Q_ﬁ ;Q_ﬁ IS Q_" % ;Q_r‘—‘ io_ﬁ io_ io_ﬁ ?Q_ﬁ ;Q_“
oF = 2 5 §E 2 5 5 & E 58 5 3 e 3
- N s 2 = € 2 = W T =2 = 8= -
- ] o s ¢ T 3 ¢ T S5 3 &8 F 3 s
- \\/ E £ 2 £ 3 £ 3 £ £ £ 3 2 3 Massima “tensione” di
0™ 1248 1249 125 125.1 1252 1253 1254 1255 256 g § 3 =} § 5 8 § 8 o § S ~2 26N HConvCenMed
m,[GeV] > S Categories
H Phys. Lett. B (2023) arXiv:2308.07216
Tantissimi test di compatibilita interna eseguiti ¥4 (backup slide 33)
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—_
o

" 1 2 E ‘ or] in‘ rogress | E
7) Combinazione H — yy Run1+Run2 T g mas €
S\ 8i Run2: {s = 13 TeV, 140 fb =
= H—vyy Runi: riprodotti risultati attesi (template) e osservati (dati Runi) usati nella T e e =
combinazione Runi di ATLAS e CMS. | risultati sono ottenuti fittando my; e due signal  8F — mewcmsummwme E
, . . . . . . 5. ” . E
strengths, uno per I'accoppiamento ai fermioni e uno ai bosoni vettori: yg and wy, Jé \}\ f-/ L
= Combinazione: basata sul rapporto di verosimiglianza (profile likelihood ratio) definito in ab ! / E
termini di my;. oF \ 3
. L o . . - \ do
e Gli spettri di massa invariante m,, dei due Runs sono CON Una massa comune My T v ek
Cooo b b e e« BT RN B
combinando le funzioni di verosimiglianza indivi | O e s
e | o schema di correlazione € incluso nel mogello m,, [GeV]
¢ | e incertezze totali e statistiche sono ottgAute dallo scan di likelihood /\‘2 gi‘Ar‘LAs“ ‘ AR B pa
S~ r Total Combination .
/ - i 8; Run 1: Vs = 7-8 TeV, 25 fb! - --- Stat. only Combination ?
Template Dati Y 70 Run2:(s=13TeV, 140 fp! — ToERn =
F Hes - - = = Stat. only Run 1 .
Incertezza [GeV] Incertezza [GeV] 6 " :‘a' R|: E
Analisi my, Totale | Stat. Sist. my Total Stat. Sist. 5E 1 . /*
4 :' g
H—yy Runl 0.52 0.44 0.27 126.02 0.51 043 0.27 - ! . 1
3- : =
H—yy Run2 125.00 0.15 0.12 0.09 125.17 0.14 0.11 0.09 2; AN g E
H—yy Runl+Run2 | 12500 | 0.14 | 0.11 | 009 | 12522 | 014 | 0.1 | 0.09 /AN .
0:‘ ‘ \\\\/1255\.142/:

125 126.5 127

p-value = 11%
Phys. Lett. B (2023) arXiv:2308.07216 m,, [GeV]

-
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Misura combinata della massa del bosone di Higgs dai canali di decadimento
H — yye H — ZZ* — 4l con I'esperimento ATLAS usando dati da collisione

ppay/s =7,8and 13 TeV
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H — yy + H— 4/ Run1-Run2, inputs della combinazione

H=yy Runt e H=yy Run2: slides precedenti

H—ZZ* >4l

= Eventi contenenti almeno 4 leptoni (| = e, ) isolati provenienti da un vertice comune, che formano
due coppie di leptoni con carica opposta ma stesso tipo. Requisiti cinematici

= 4 canali: 4u, 2e2u, 2ule, 4e

= Bkg dominante = produzione non-risonante ZZ* ( ~ 90 % degli eventi di bkg)
= Separazione tra segnale - background usando una BDT (Run1) o DNN (Run2)
= Modello segnale + bkg fittato simultaneamente sulle 4 categorie. Dominato dall’incertezza stat.

Phys. Lett. B 843 (2023) 137880

Events / 2 GeV

—_
n
O

100

80|~

ATLAS
[ H—ZzZ* -4l
[ Vs=13Tev, 139"

BN o
O Data
Higgs boson (125 Ge V) g
. 2z —
XX, VWV ]
B Z-jets, tt i
77 Uncertainty —

140 150 160
m,, [GeV]

: riprodotti risultati attesi (template) e osservati (dati Run1) usati nella combinazione Runi di ATLAS e CMS, fittando 1 u

* 2u2e | 2e2u 2u2e | 2e2u
H—Z/"— 4] Run2: Resultati fittando 4 signal strengths + 4 normalizzazioni del bkg: ,ung Moo v Mg ,uSlg ’ubkg 'ubkg Mbkg 'ubkg
_— \\ 2 é:ﬁ:‘sgwgrs RES
= o E Run2: Vs =13 TeV 140fb‘ v 3
Template Dati L el
7
Incertezza [GeV] Incertezza [GeV] oF
Analisi my Totale | Stat. Sist. my Totale | Stat. Sist. 5
4:
125.00 066 | 0.66 | 0.04 124.51 053 | 053 | 0.03 %
2
H—ZZ*—4] Run2 125.01 0.19 0.19 0.03 124.99 0.18 0.18 0.03 ;
07‘ 12‘4 ‘ ‘124‘1.5‘; 125 12;5‘ = 1‘26
m,, [GeV]
UNIVERSITA (% ATI AS
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Combinazione H — yy + H — 4/ Run1-Run2 - risultati osservati

Incertezza [GeV] Incertezza [GeV] Incertezza [GeV]
my, Totale | Stat. Sist. my Totale | Stat. Sist. my, Totale | Stat. Sist.
H—yy H—4l1 Combinazione: # canale, = Run
Runl —1»125.38 0.43 0.39 0.19
Run2 125.17 0.14 0.11 0.09 124.99 0.18 0.18 0.03—»125.10 0.11 0.09 0.07
Combinazione:
= canale, # Run /125.22 0.14 0.11 0.09 124.94 0.18 0.17 0.03 125.\11 0.11 0.09 0.06
X < 2T L IR BN ¥
£ Combination Run 1
yy Run1+Run2 S ATLAS Combination Run 2 ]
combinazione di slide 12 O T o Combinazione: incertezza totale
g U 2o 13TeV, 14017 ] ~ 110 MeV, precisione < 1%o!!
I ] v
- ) &
°r
4:_ ................................................................
2
R 7Y S FE Bes i 1265
Phys. Rev. Lett. arXiv:2308.04775 [GeV]
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Conclusioni

k
precisione 0.11%

Run2 yy risultati osservati Mg Ry 125.17 £ (syst.) GeV

Run2

| I

Run1+Run2 yy, risultati osservati deIIa combinazione:

My et +Runz— 12522 £0.14 GeV = 125.22 +0.11 (stat.) £0.09 (syst.) GeV | *
Run1+Run2 yy + 4, risultati osservati della combinazione:

=125.11 =

mH —yy+41 Runl1+Run2 precisione 0.09%!

T | | | T | : AN : :
ATLAS e Total Stat. only | Combination Misura piu precisa ad Oggl!
Runi1: /s =7-8TeV,25fb~!, Run 2: \/s = 13 TeV, 140 fb~!
Total (Stat. only)
Run1 H — vy I . 1 126.02 + 0.51 (+ 0.43) GeV
Run1 H — 4/ | ® i 124.51 + 0.52 (+ 0.52) GeV
Run2 H — v el 12517 £ 0.14 (£ 0.11) GeV | %
Run2 H — 4¢ |—0—|| 124.99 + 0.19 (+ 0.18) GeV
Run 142 H — ~y | 125.22 + 0.14 (+ 0.11) GeV | =
Run1+2 H — 4¢ e 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined e 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I—0|—| 125.10 + 0.11 (+ 0.09) GeV
Run 1+2 Combined I—l—| 125.11 + 0.11 (+ 0.09) GeV k
ATLAS + CMS Run 1 I—O:—| 125.09 + 0.24 (+ 0.21) GeV
TS o526 o7 s
Phys. Rev. Lett. arXiv:2308.04775 my [GeV]
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https://arxiv.org/abs/2308.04775
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1) H — yy Run 2: categorizzazione yl

Obiettivo: dividere gli eventi in categorie mutualmente esclusive ottimizzate a ridurre

I’incertezza totale su 11

« Categorie con diversa risoluzione su m,,, sistematiche PES e rapporto S/B

vy’

= Molte categorizzazioni testate, comparando modello S+B completo + incertezze

sistematiche PES

Categorizzazione finale: 14 categorie badate sulle variabili cinematiche dei y come
p;; and stato di conversione
= Stato di conversione: O (tipo-U) or > 1 (tipo-C) y convertiti
= Pseudorapidita |n|: - Barrel centrale (entrambi y [n| < 0.8)
- Barrel esteso (> 1 yin 0.8 < |n| < 1.37 & non nel’Endcap)
-Endcap (> 1yin1.52 < |n| <2.37)
= P Alto/Medio/Basso (limiti usati 70 e 130 GeV)

Guadagno sull’incertezza totale su 771, dalla categorizzazione:

= -17% comparato alla misura inclusiva (1 categoria)
= -6% comparato con I'analisi parziale Run 2 @36 fb-1(31 categorie)

high p. high p.
q-) Tt Tt
S o
-ype . )

i medium P, medium P, p
D 01y, B
e
- low P low Pr
@)
© high high

— ighp ighp

_O Tt Tt
O  U-type
"C—U‘ yp medium p_ medium p_

+ 0 Yconv)

n
low [ low [
: Central-barrel ~ Outer-barrel Endcap

— 237
Aoy
= 0
=

Endcap

Central-barrel

ol
0 0.8 1.371.52 2.37

N
Phys. Lett. B (2023) arXiv:2308.07216 IY‘Vszl
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https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://arxiv.org/abs/2308.07216

The Standard Model Higgs boson

Standard Model of Elementary Particles

= The Standard Model (SM) of particle physics is a quantum field theory: v s o arsims s carrs

¢ ClaSSify all the known elementary partiCIGS mass :Z.ZMeVI/Cl =l.ZBGe|\I//K:Z 1173.1:3]5'\//(:1 0 =124.97 GeVic?

« describe strong and electroweak interactions: SU(2); x U(1)y x SU(3). o0 |0 |® | @

up charm top gluon higgs

Problem: The introduction of mass terms for the gauge bosons W= and Z in the SM ‘'Ol e || @
Lagrangian would violate the local gauge invariance of the theory. down )| strange J{_botom J | _photor

) . . ) @ | }p @ |
Solution: the Higgs mechanism (1964) and the spontaneous symmetry breaking allow to tectron || muon || tau zf;.,
give mass to the particles dynamically, through the interaction with a scalar field ®. S (e (e (=

. . % e % H % 5 1
Self_lnteractlon term through V((D): electtr_on ml:o_n te:t{ Wl\)%on

— MDD — A DTD) —
V(®) = MD'P) — u(d'D) V($)

V(®) has infinite minima — @ aquires one ground state — this choice spontaneously
break the symmetry of the configuration — mass terms arise!

= The quantum of the field is the Higgs boson H, a massive scalar particle 9“

(031
o
b2
UNIVERSITA (\C ATLAS
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Production cross sections and decay Branching ratios

= Cross sections: considering \/E =13 TeV and my; ~ 125 GeV, the total cross section is 65~56 pb

104 T T IIIIIII T T IIIIIII T
\s= 13 TeV

LHC HIGGS XS WG 2016

g t,b

10 2b 30 100 20 1000 200
S

g t,b

VH=WH or ZH, oyyy~1.4pb  ffH and bbH, 5, ;;~0.51 pb
o71~0.88 pb oppr~0 .49 pb
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Production cross sections and decay Branching ratios

] . I'(H - X))
Branching ratios: BR(H — XZ-) =
Y. I'(H — X))
l g 1—_l | T T T | I I_:g
_ 2 E WW 52
+ H— bb: BR~58.1% 5 W
e H— WW*(—lvlv): BR~21.5% g 7
. =10 N 2z )
+ C ‘
c H—->Z7Z*:BR~2.6% o _CE | .
77*— 41: BR ~ 0.0125% o T
e H—yy:BR~0.227% §1 0% E
H 10-3 —§
—————— H----- A ]
Y 1055 200 300 400 1000
M, [GeV]
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Vacuum stability and EW fits

= Vacuum stability: The value of the Higgs mass determines the vacuum stability, 1.e. the Higgs potential might be

\:mbounded below or exhibit lower additional minima given a certain my below the Planck scale

o = W]
* Meta=stability. . -~

T
— Total uncertainty
Stat. uncertainty

- - - . . LoC o2 - PP Tevatron I combination
— 2 _o?” O /=2 "\ S ',V.:_;,,.:if-’ff-' b PRD 70 (2004) 092008

T T T 1

175

] DO II ————
] PRL 108 (2012) 151804

] LEP combination °
] Phys. Rept. 532 (2013) 119

] ATLAS °

170 EPJC 78 (2018) 110

Pole top mass M, in GeV

- o ] LHCb —
' = Stability 7 JHEP 01 (2022) 036

_ ] CDFII

] Science 376 (2022) 170 e

A T Il T T Al T l\

165 ——m——t Electroweak Fit (J. Haller et al.) | |
115 120 125 130 135 EPJC 78 (2018) 675

. . Electroweak Fit (J. de Blas et al.) o
Higgs mass M), in GeV arXiv:2112.07274

Regions of stability, meta-stability and instability v ' ' ' :
. 80100 80200 80300 80400 80500
of the SM vacuum in the m, - m plane my, [MeV]

= Global EW fits: they test the internal consistency of the SM. The SM prediction of the W gauge boson mass my, from
the electroweak fit including the Higgs boson mass as input, gives my, = 80.354 + 0.007 GeV. This theoretical result 1s
compatible with ATLAS measurement but in severe tension (7c) with CDF result of my, = 80.43350 + 0.0094 GeV
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1) Event categorisation — Past categorisations

Event categorisation: selected events are divided in mutually exclusive categories optimised to reduce the total expected

uncertainty on my. Regions with different:

: .S .. S
signal-to-bkg ratio — and significance Z~——
B VB

- Invariant mass resolution (o) of the m, peak
e systematic uncertainties on photon energy scale (PES)

Runl, 7/8 TeV, 25 fb-! [Runl]

UU=2yUnconv

High

Low

A

/ .

Cony, > 1y Conv

High

Low

High

Low

UNIVERSITA (K=
DEGLI STUDI ‘}

Central: both y with n|<0.75

Trans: one y with 1.3 <|n| < 1.75

Rest: all the other events

High/Low: events with p7” 2 70 GeV

v kinematic variables as 1, p.,, conversion status

Partial Run2, 13 TeV, 36 fb-! [Run2@36ifb]

. 31 categories from STXS 2016 coupling
10 categories analysis, 4% worst wrt to Run1 categorisation:

10 ggH categories, with ggH 0J split in CEN/
FWD regions;

4 VBF categories;

8 categories for the associate production with
a vector boson (W and Z);

9 categories for the associate production with
a tt or single t

AS L. Nasella

DI MILANO EXPERIMENT
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.90.052004
https://reader.elsevier.com/reader/sd/pii/S0370269318305884?token=95F6D62CAB79148A809F4E8CBF1E543CDE8CE3F51C1E5A074ACEAA8B71CBDF2578469CD38CA53F5336126885F12FA2A5&originRegion=eu-west-1&originCreation=20221024155058

2) Signal model o« my

Comparison of signal models for category UU Cen Low

= Different checks performed:

é 25— ATLAS Work in progress Signal fi
2 —&— MC sample
2 . L% 20 3 Global fit with sample at 125 GeV
e v~ to evaluate the goodness of the fit, see backup slide 32 'y Gl it wiout sample a1 125 G
% W mzs = 125:093 GeV
18 Q Myitnoutrzs = 125:092 GeV

* Closure test: the simultaneous fit is repeated ignoring the o
my = 125 GeV sample. The resulting signal model is extrapolated
to 125 GeV and compared with the nominal signal model obtained

g
$ Oyith12s = 1-45735 GeV
03 Oithout12s = 145671 GeV

fitting simultaneously all the 9 MC samples. —p BE=E===. @ ... .. = =
. . . m,,[GeV]
+ Similar y? and fitted parameters V category =>the fitting -
procedure is not so dominated by the 125 GeV sample e
 Check the impact of considering n,, and nyg, as constants in the s 720 5 %0 3 o oo
simultaneous fit. the fit V category was repeated leaving free also pc(mp) = mp + By + Aucy (mpr — 125 GeV)
Niowand g, ocB(mu) = Bog + Agey (my — 125 GeV)

ALow(MH) = ALow
@High(MH) = QHigh
nLow(Mu) = nLow|125Gev
nuigh(MH) = NHigh|125Gev

+ the peak parameters do not change significantly and they are
usually compatible within the uncertainties, see backup slide 33
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4) Main experimental systematic uncertainties: PES and PER

= Photon energy scale (PES) and photon energy resolution (PER) systematics affect 5 and o5, V category:
 Procedure: auxiliary MC samples where the syst. variations (£ 10) are applied upstream and their effect is propagated to the
m,,, distribution

. . . . . 5 i 16 = _— 1
« P'S: 67 NPs computed as variation of the mean of the m,, distribution pes(£10) (muom
*lo
« PER: 9 NPs (grouped in 5 NPs to match Runl scheme) as variation o inter-quartile of the m,, distribution |5, (+16) = 1OR™ " _ 1
IQRnom
‘ .
m,, distributions for cat. UU Cen Low for syst. EG-SCALE-ALL m,, distributions for cat. UU Cen Low for syst. EG-RESOLUTION-ALL
g 9 = ATLAS Work in progress T dTbUTonS :zj 9 E— ATLAS Work in progress T dTbuTonS
8:— —&— nominal - —&— nominal
- —A—up 8 —A— up
- down - down
= %@% Hnom = 125.14 GeV = IQR,,,, = 2.0075 GeV
= Dy, u,, = 125.33 GeV C IQR,, = 2.1723 GeV
6 — o %%A Hyoun = 124.95 GeV 6 IQR,,,,, = 1.9495 GeV
= 73 %% =
- &h -
a= Sh 4
- O LA -
3 3
2 f— 5 E_
= E
, J- ‘“ 11 | 1111 | 1111 | 1111 | | | | 1111 | | | I 111 “A" o ot “ 1 I | | l L1 11 l | - | | | l L1l I L1l | L1l II 1 .
20 121 122 123 124 125 126 127 128 129 _ 130 20 121 122 123 124 125 126 127 128 129 _ 130
m,, [GeV] m,, [GeV]
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4) Main experimental systematic uncertainties: PES and PER

= Photon energy scale (PES) and photon energy resolution (PER) systematics affect 5 and o5, V category:
 Procedure: auxiliary MC samples where the syst. variations (£ 10) are applied upstream and their effect is propagated to the
m,,, distribution < myiyl°>

« P'S: 67 NPs computed as variation of the mean of the m,, distribution (muom
+lo
. I . : C e IOR*
 PER: 9 NPs (grouped in 5 NPs to match Runl scheme) as variation of the inter-quartile of the m,, distribution 5, .(+1¢) = TOR™ _ 1
Scale systematics for cat. UU Cen Low _ _
_ x10°° Resolution systematics for cat. UU Cen Low
E/'\ - ATLAS Work in progress -
§ - C N ' - ATLAS Work in progress
g 061~ Syst. up & 0.05— [ N
A C N o - Systwp | i
2 04 \ Syst. down & — nmnne
‘;’E; B o 0.04 NN D Syst. down NS
v - NN S i
0217 0.03F nmainn
C \ : N SONANNNNNREES RR.
- H '3?1 E’Q_i H ,{l SN NI A
=G g Y N W G Al RAMERR—.,.
TN s N Z MG T nmilihie
T \ Aalahlhhnnnnm ity
-0.2[ \ 0.0/l AL
- Al M.,
—0.4 Faalliinniumtiniig N
0.6/~ ~0.01F N
%, : ! L _0.02F-
éw ow‘w‘ow‘o FFFFFFFFFF o >4 GOOFEEQ@ éé _0.03:_ | l l l
sEEEEe 5 5 ff:‘ EE 5 3 :E; Eé §‘ gggg3s Fsiszzszzzzibzs3” & z EG_MATERIAL_RUN1_RUN2  EG_MATERIAL_RUN2 EG_PILEUP EG_SAMPLINGTERM EG_ZSMEARING
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4) Main experimental systematic uncertainties: PES and PER

= Photon energy scale (PES) and photon energy resolution (PER) systematics affect 5 and o5, V category:
« Procedure: auxiliary MC samples where the syst. variations (£ 10) are applied upstream and their effect is propagated to the

m,, distribution

« P'S: 67 NPs computed as variation of the mean of the m,, distribution

« PER: 9 NPs (grouped in 5 NPs to match Runl scheme) as variation of the inter-quartile of the m,, distribution

Squared sum of scale systematics up

: — .
s _ NN ATLAS Work in progress
° I NN\
© 0.0035— NN
o - NN
C NN
=] - NN
o NN NN
1%5) - NN NN
0.003|— NN NN
. C NN NN
NN NN
- NN NN
L NN NN
= NN N
0.0025 NN NN NN
- NN NN NN
C NN NN NN
- RN NN NN
NN NN NN
RN NN NN
0.002 == ANNNNRANAN NN NN
. NN NN NN NN
NN ALARRHRRIR NN NN NN
NN AR . NN NN
NN LR .- NN NN
A ARNRRRREESE NN
SO e, NRNNRRNNRN NN
0.0015 F=oonnnny A NN NN
ENNNRNEEN Ny NRNRRRNNRN NN
SNNNNNNNANY N R ALEEEHR IR ..
;i T iIMiinmmm Nl
e ARARRRRRRRRRN
Al I I Il i i ihim T a 2.’.s,
0.007 A Iy
. I I,
T I e ee,,
£
N Y
Al nnn L nnes:z '8
T Y
0.0005 R I e,
I I,
O Y NN
£
I R Y
0 w\\\}\\\\\t\\\\q\\\\\b\\\\}\\\\\{\\\ \k\\\\\b\\\\}\\>éd\\\\\b\\\\l\\\\\}\\\\
e, uy uy W, w Cop, Co, Co Cop, Cop,
en 1, Ce, Ce, &n, v C ny v Vg
Mgy ey Loy, e, //, [Ba”e/,l,, I'sa’fe/L “Cap N by, O ey ’ffBa,,e/H 'Bane/M ’Eaf/ell "Cap

Squared sum

Squared sum of resolution systematics up

PES impact on my
~173 MeV

PER impact on my
~ 3 MeV

NN NN ATLAS Work in progress
016 NN
NN NN
NN NN
NN NN
NN NN
NN NN NN
0.14 k= NN NN
NN NN NN
NN NN N
NN NN NN
NN NN NN NN
NN NN NN NN
NN N N N
012N N\ N\
N N N N
N N AN N
NN NN NN NN
0. 1NN N .- NN
B NN\ NN NN NN
SN NN NN NN
NN NN NN NN
NN NN NN NN
SN NN NN NN
NN NN ANNRANNRRRNNNSSSS NN
0.08 =y NN Al NN
UG R NN Al NN
A NN Al NN
L e NN NN
i Al NN NN
L RS ARl NN NN
RO \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NN NN
L. e NN NN
0.06 R £ NN NN
g I I I I NN
«\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NN
Al T Y NN
RULHBLTIIDBBIJBIIIIIMuIRbbphr
T I T I I NN
0.04 \\\\1\\\\\{\\\\\} \q\\\ \b\\\\\t \\\\L\\\\\}\\\W\\\\\b\\\\\t\\\\\L\\\\\}\\\\
. by wy uy wy . Co, Co, Co, C Co
Ceon by Conngg, - ot Oy /H ’Ba're/,,,, 'Be're,L Srocg, " Cen Hio Conv g, ey ™V Cepy o ny “’Barr;%:"’%,,e/o;vO“'Ba,,e/::s"“’oap
e W

Smallest unc. ~ 0.12 %

e hetter evet for Conv wrt to nm’responding uUu
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5) H — yy Run 2: secondary systematic uncertainties pl

Additional and secondary systematic uncertainties are included in the likelihood model

= Signal and background modelling: an inaccurate model can cause a bias in the n1; measurement

e Evaluated by injecting sig (bkg) MC sample over a bkg (sig) Asimov V category, then refit with S+B model and compute m1;; shift
e Effect uncorrelated among categories, impact of 5 (18) MeV for signal (background)

Interference between gg — yy and gg—H—yy processes causes a shift of the 1y

e Evaluated by injecting interference MC sample over a S+B Asimov V category, then refit with S+B model and compute 11, shift
» Effect correlated among categories, expected 26 MeV impact

Photon energy resolution (PER): evaluated as interquartile difference of m,, distribution per category, applied on width of DSCB

Photon conversion reconstruction affecting category migrations
* Estimated with data/MC comparison in Z — [ly events, correlated to corresponding scale effect

NN vertex selection effect on n1 (5 MeV)
e Estimated with data/MC comparison in Z — ee events where e are treated as unconverted photons

Luminosity / BR yy / QCD scale / PDF + a, / Parton shower / Spurious signal / Yield
* All included and with ~ null impact on m
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5) Secondary and modelling systematics uncertainties

= Modelling systematic uncertainties: an inaccurate model can cause a bias in the mass measurement

= Signal and background biases: signal (background) injection tests for each category:
e replace signal(bkg) Asimov components with MC, then refit with analytical S+B model
e include biases as systematic uncertainties in the likelihood
 Signal bias: 4 MeV effect, uncorrelated among categories
e Background bias: 29 MeV effect, uncorrelated among categories

= Bias due to the neglecting the interference between gg — yy bkg and gg—H—yy signal:
« Inject interference MC samples (I' = I';,) on top of Asimov S+B dataset
» Re-fit with standard S+B model, compute the bias for each category, include bias in likelihood as an uncertainty
e Interference bias: 34 MeV effect, correlated among categories

Bias Impact on mu [MeV]

Signal * 4
Background + 29
Interference * 34
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5) Modelling systematics uncertainties

% Signal modelling bias on m: parameters of the signal model are fixed to the values obtained 1n the signal fit

—an inaccurate signal model can cause a bias in the mass measurement

= Fit dataset formed by signal (MC) and bkg (Asimov) with the S 20E- ATLAS Work in progress _, SonabBia
analytical S+B model B 2 18 -

=« Evaluate the bias as relative shift between the ifitted}and injected
(125 GeV) my

= Bootstrap to check the statistical significance

Similar procedure:

% Background modelling bias on my: dataset = signal (Asimov) + bkg (template)

% Interference bias on my : interference between gg — yy bkg and gg—H—vyy signal might distort the signal shape,
the interference is not taken into account in the model — neglecting it can cause a bias in the mass measurement

fit on dataset = signal+bkg (Asimov) + interference (MC

Bias Impact on my [MeV] with ]"%M = 4.07 MeV)
Signal +4
Background +29
Interference +34
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5) Signal modelling uncertainty — signal 1njection test

= Motivation: the parameters of the signal model are fixed to the values obtained in a simultaneous fit (see backup slides)
— an Inaccurate signal model can cause a bias in the mass measurement

= Procedure to evaluate this bias for each category, signal injection test:

Sum of signal MC and bkg Asimov for cat. UU_cen_low

1. sample = background Asimov + signal MC at m; = 125 GeV. 450 Enties 937184
' =) ATLAS Work in progress Mean  1.249e+05
\ 2 Std Dev  1.486e+04
R = 400
Y Z
) g 350
Bkg shape parameters for each category from a fit on 2

data sidebands in m,, € [105 GeV, 160 GeV] blinding the 300

range [120 GeV, 130 GeV]
* Functional form of the bkg model selected by the SS test.

250

200

150

100

1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 x10
110 120 130 140 150 160
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5) Signal modelling uncertainty — signal 1njection test

= Motivation: the parameters of the signal model are fixed to the values obtained in a simultaneous fit (see backup slides)
— an Inaccurate signal model can cause a bias in the mass measurement

Procedure to evaluate this bias for each category, signal injection test:

Signal {from globalFit} + bkg fit to the Asimov+MC m__ distribution for cat. UU_cen_low

U

sample = background Asimov + signal MC at my = 125 GeV.

o , | mH = 124992:312 MeV |
i ) ) i ) = ATLAS Work in progress [ — Si'gnal'ﬁt--':
2. Fit on the obtained sample with the nominal signal plus < K 3~ Asimov+MC
model: fitted parameter my 5 - T Sl
3. Signal bias = relative shift between the ifitted: and injected e
. 300
(my = 125 GeV) Higgs boson mass.
250
200

e.g. for cat. UU cen low:
SigBias = (124992 — 125000) MeV = -8 MeV

150

100

50

_IIIIII|III|III||III|IIII||III|IIII|II|I

U IO O ORI B | w“f‘ .‘1'"“ [ U TN U DU RO U DU TUUS SUNE T U0 SN AN D SO -4 03
110 120 130 140 150 160
m.ﬂ[MeV]
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5) Signal modelling uncertainty — signal 1njection test

= Motivation: the parameters of the signal model are fixed to the values obtained in a simultaneous fit (see backup slides)
— an Inaccurate signal model can cause a bias in the mass measurement

= Procedure to evaluate this bias for each category, signal injection test: / med = 125 GeV
Category Nominal fit ‘
1. sample = background Asimov + signal MC at m;; = 125 GeV. : mjj'e! [GeV] bias [GeV] bias [%q]
2. Fit on the obtained sample with the nominal signal plus UU Cen High 124.975 -0.025 -0.20
model: fitted parameter m,, UU Cen Med 125.009 0.009 0.07
) ) ) ) Fo————— o UU Cen Low 125.005 0.005 0.04
3. Signal bias = relative shift between the ifitted: and injected UU OutBarrel High 124.971 ~0.029 -0.23
(mH =125 GeV) Higgs boson mass. UU OutBarrel Med 125.035 0.035 0.28
. . . UU OutBarrel Low 125.008 0.008 0.06
4. Estimated for each category: |SigBias| = 0 — 30 MeV UU EndCap 195 016 0.016 0.13
Conv Cen High 125.000 0.000 0.00
Conv Cen Med 124.997 -0.003 -0.02
Conv Cen Low 125.012 0.012 0.10
Conv OutBarrel High 125.030 0.030 0.24
Conv OutBarrel Med 124.986 -0.014 -0.12
Conv OutBarrel Low 125.016 0.016 0.13
Conv EndCap 125.018 0.018 0.14
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6) H — yy Run 2: expected and observed results

= Checks with different fit configurations:
« Without linearity
- Different y configurations (1 global p or pip+py OF ooy + pygr + fres)

= Internal compatibility studies

Test 1: general compatibility of my in all the categories with global my value. Instead of only my, insert in our model
my + A, V category, 14 As

 Null hypothesis: “mass is the same in each category” — VA_, =0

o Alternative hypothesis 1: "the values of my in all the cat. are different” — Fit with all the 14 As free

LA =0,A,=0,...A, =0,ny)

cat

@0 = ~2log = A —»  Global p-value = y* distribution with 13 d.o.f. = 0.077
Compatibility checks Global p-value %

Test 1: general compatibility of my in all the categories with global my value 7.7
Test 2: compatibility of groups of categories: conv vs. unconv 48
Test 3: compatibility of groups of categories: 1 vs 1 regions (Central, OutBarrel, Endcap ) 43 all p-Values > 5%
Test 4: compatibility of groups of categories: pTt vs pTt regions (High, Low, Med) 5.7
Test 5: compatibility of different pileup regions (using a pileup based categorisation, 5 categories) 43
Test 6: compatibility of different years (using a years based categorisation, 2015+2016 vs 2017 vs 2018) 31
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Compatibility checks on unblinded data

Test 1: general compatibility of m; in all the categories with global my value.
Instead of only myy, insert in the ws my

 Null hypothesis: “mass is the same in each category” — Vo,,, =0

 Alternative hypothesis 1: "the values of my; in all the cat. are different”
Fit with all the 14 ds free

LA =0,A,=0,...A, =0,niy)

V category, 14 s

qo = —2log

Global p-value = y? distribution with 13 d.o.f. = 0.077

o Alternative hypothesis 2: "only my in category i is different”
M L(A1 =0,A2=0,...A, =0,nip)
q, = -2log

* L(AI,AZ,---,AM,MH)

0 LA,Ay =0,...,A, =0,niy)
p-value of each 6 for each category: compatibility of each category with
global my, all > 0.05 except for UU Cen High

DEGLI STUDI
DI MILANO

Category p-value category
UU Cen High 0.01
UU Cen Med 0,11
UU Cen Low 0,29
UU OutBarrel High 0,66
UU OutBarrel Med 0,18
UU OutBarrel Low 0,36
UU EndCap 0,07
Conv Cen High 0,41
Conv Cen Med 0,71
Conv Cen Low 0,38
Conv QutBarrel High 0,10
Conv OutBarrel Med 0,70
Conv OutBarrel Low 0,61
Conv EndCap 0,99
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Compatibility checks on unblinded data

Test 1: general compatibility of m; in all the categories with global my value.
Instead of only my, insert in the ws my; +

)

cat

V category, 14 s

Obtained with all s free, alternative hypothesis 1

ATLAS
Vs =13 TeV, 140 fb, H—syy

U, Central-barrel, high p; [ S—

U, Central-barrel, medium pVTI

e Am, — Total Unc.

Value Total Unc.

-1.12 + (-0.44,+0.41) GeV
+0.58 « (-0.34,+0.28) GeV

s A8
UNIVERSITA (X

DEGLI STUDI A AS
DI MILANO

—e—
U, Central-barrel, low pYTi g -0.32 = (-0.30,+0.30) GeV
U, Outer-barrel, high p_, gz -0.15 = (-0.36,+0.35) GeV
U, Outer-barrel, medium pVT: : . +0.58 = (-0.42,+0.46) GeV
U, Outer-barrel, low pz 4._1 -0.28 = (-0.29,+0.31) GeV
U, Endcap : [ S— +1.21 £ (-0.65,+0.63) GeV
C, Central-barrel, high p; 4:_.7 +0.38 = (-0.47,+0.46) GeV
C, Central-barrel, medium pVTI A‘.i +0.17 = (-0.46,+0.47) GeV
C, Central-barrel, low p_, e -0.47 = (-0.60,+0.53) GeV
C, Outer-barrel, high p_, e +0.97 = (-0.56,+0.56) GeV
C, Outer-barrel, medium pT‘ %07 +0.27 = (-0.71,+0.78) GeV
C, Outer-barrel, low p./ e -0.23 = (-0.49,+0.47) GeV
C, Endcap ———— -0.02 = (-0.60,+0.59) GeV
|||||||||||||||||||||||||||||||||||||||||||||||
-4 -3 -2 -1 O 1 2 3 4 5

Phys. Lett. B (2023) arXiv:2308.07216  Amj, [GeV]

Obtained with 1 6 free at a time

Category p-value category
UU Cen High 0.01
UU Cen Med 0,11
UU Cen Low 0,29
UU OutBarrel High 0,66
UU OutBarrel Med 0,18
UU OutBarrel Low 0,36
UU EndCap 0,07
Conv Cen High 0,41
Conv Cen Med 0,71
Conv Cen Low 0,38
Conv QutBarrel High 0,10
Conv OutBarrel Med 0,70
Conv OutBarrel Low 0,61
Conv EndCap 0,99
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Compatibility checks on unblinded data

III|IIII|IIII|IIII IIII|IIII|IIII IIII|IIII|IIIIIIIIIIIIIIII|IIIIII||||||
ATLAS : e Am;, — Total Unc. ATLAS Work in progress : *A; -Total Unc.
| |
Vs =13 TeV, 140 fb", H—yy | Value Total Unc. : Value - Total Unc.
_ ! u<22 e -0.17 = (-0.34,+0.33) GeV
C categories [ B — +0.18 = (-0.26,+0.26) GeV I
! |
U categories P -0.18 = (-0.26,+0.26) GeV 22=u<28 Ee— -0.10 = (-0.33,+0.32) GeV
! I
] L 28 = <34 | 1038 = (-0.36,+0.35) GeV
|
Central-barrel ——— -0.18 = (-0.24,+0.25) GeV :
! 34 <u<42 |, ———e—— 10.58 = (-0.39,+0.37) GeV
Outer-barrel e +0.03 = (-0.24,+0.24) GeV :
I u =42 U S +0.42 + (-0.46,+0.46) GeV
Endcap [ ° +0.58 =+ (-0.47,+0.42) GeV :
: U ol _
- - e e e e e e e e e e e e e e e e ey | ............................................................. |
| |
high pYT: e -0.23 = (-0.27,+0.28) GeV 2015+2016 T : -0.40 = (-0.32,+0.31) GeV
| |
medium p:_z : ———— +0.58 + (-0.24,+0.23) GeV 2017 _ql_ -0.02 = (-0.31,+0.30) GeV
| |
low p’’ P -0.33 = (-0.22,+0.22) GeV [
Tt | | | | 2018 I +0.42 = (-0.31,+0.31) GeV
I | | I I | | I I | I I | | I | I I | I I |
_1 _05 O 05 1 15 2 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Phys. Lett. B (2023) arXiv:2308.07216 Am'H [GeV]
A [GeV]
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Higgs boson Run2 mass measurement H — yy: systematic uncertainties

Experimental systematic uncertainties: the energy calibration procedure on the photons has an impact on my; measurement

LAr cell non-linearity: non-linearity of Layer2 gain cell energy measurement and to the uncertainty on the
intercalibration between the different readout gains

= Layer calibration: accounts for the impact of the Layerl and Layer2 (EM calorimeter) intercalibration on the
reconstructed particle energy. The scale factors a,, used to intercalibrate the first two layers of the electromagnetic

calorimeter are evaluated as a function of [n| and E;

= Material: the Inner Detector, the cryostat and calorimeter material uncertainties are obtained by comparing the energy
response in Monte Carlo samples simulated with nominal and modified detector geometry. The difference in the energy
response are scaled comparing the material variation of the corresponding distorted simulated sample with the actual
material measurement uncertainties, yielding to the energy scale uncertainties

= Z—ete calibration: Z-based calibration fixes the energy scale and its uncertainty for electrons with transverse energy
close to the average of those produced in Z decays (p~ 40 GeV). Photons produced in H — yy decay have a harder p;

spectrum so the uncertainties have to be extrapolated and the impact is generally larger
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