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Calibrazione Calorimetro
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Diminuzione della risposta dovuta alla dose di
radiazione integrata (recupera parzialmente con LHC
fermo)
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Vertex determination
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Vertex determination
(ATLAS)
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Combined Mass
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Combined Higgs Mass
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Additional experimental systematic 0.03 (<0.01)  <0.01 (<0.01) 0.02 (<0.01) 0.01 (<0.01) 0.01 (<0.01) 0.01 (<0.01)
uncertainties

Theory uncertainties <0.01 (<0.01) <0.01 (<0.01) 0.02 (<0.01) <0.01 (<0.01) 0.01 (<0.01)

Systematic uncertainty (sum in 0.27 (0.27) 0.04 (0.04) 0.15 (0.17) 0.16 (0.13) 0.11 (0.10)
quadrature)

Systematic uncertainty (nominal) 0.27 (0.27) 0.04 (0.05) 0.15 (0.17) 0.17 (0.14) 0.11 (0.10)
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Total uncertainty 0.51 (0.52) 052 (0.66) 034 (0.36)  0.45 (0.59) 0.24 (0.24) 14

Analysis weights

19% (22%) 18% (14%)

40% (46%)  23% (17%)



Higgs Width

Le misure di rate sono sensibili a o*I'¢/I"},

Non e’ possibile ricavare gli accoppiamenti e la larghezza
totale se non facendo assunzioni sull’assenza di
decadimenti imprevisti dalMS
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Higgs Width/Interference
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Higgs Width/Interference
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L’'interferenza tra il grafico a box e quello che procede
attraverso un bosone di Higgs altamente virtuale dipende
dalla larghezza totale del bosone di Higgs.
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Events / bin

Higgs Width
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Higgs Width at TLEP

P(e,e*)=(-0.8,0.3) mu=125 GeV

400 11— <) L LA R S R BB R S B R
[ —SMallffh ] % Zh—puw'X ]
gy —Zh (D 250 Model independent analysis =]
o) . 1 Ly =2501b", \s=250 GeV ]
300 B fu.S|on ] 0 P(e’, e") = (-0.8, +0.3)
g / ZZ fusion 9 200 — e  SignalBackground (MC) ]
— [ e H =~ Fitted Signal+Background ]
o .-_ Z - - m .-_. itte ignal
3200 I e'>AM1“z ..E 150 Fitted Signal
(7)) [ e v ] q>)
? v 1 3 100
o) H
C100fF o - .
$) e v J
/ EH - 50}
0 riill PRI BRI B | ?7 .\.‘.?7.- O:" A P .
200 250 300 350 400 450 500 120 130 140 150

\E (GeV) IVIrecoil (GeV)

Fig. 11: Cross sections for the main Higgs production mechanisms in et e~ (left). Recoil-mass distribution in
ete™ — Zh — puX (right) [8]. P

* Misura model independent della sezione d’urto
ee2>Zh->uu X, indipendente dal decadimento dell’Higgs,
attraverso il picco nella misura della massa del sistema
che accompagna la coppia dei muoni e la conoscenza del
quadri-impulso iniziale: P,, = (Vs,0); P, =P, -P,

MEI:(\/E—EZF—P% =M
97z < 0 = N/Le
e Dalla misura inclusiva (model indepndent) della sez.
d’urto si ricava una misura assoluta dei BR identificando |
differenti canali di decadimento e quindi anche una
misura model independent di I',;:

o(ZH) - BR(H — ii) ﬂ

Ty =T(H — ZZ)/BR(H — ZZ)  o(ZH)/BR(H — ZZ)
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Determinazione di JP

Una volta osservata una risonanza con sezione d’urto e
decadimenti approssimativamente simili a quelli del
bosone di Higgs del Modello Standard (a “Higgs-boson
like resonance” negli articoli post-scoperta) la conferma
mancante era la verifica dello spin e della parita’ della

nuova particella

Dai decadimenti osservati sappiamo che la particella €’ un
bosone e che non puo’ avere spin 1 dal teorema di
Landau-Yang, visto che decade in due bosoni identici
massless. Dunque J=0,2 ...

Landau-Yang: ampiezza piu’ generale dipende da
polarizzazioni (e) e dal momento dei fotoni, con termini
come:

- . %
Ml - (81 A 82) €V " :4\_/\/\/\/://\/\/\/_\»/72
—_ — —_ - €1, k €2, —k

NB. ejlg =0; g k=0 photon massless, transverse field

M, e M, non rispettano la simmetria di Bose-Einstein per
per lo scambio 1< -2 di bosoni identici

Inoltre la parita’ del Higgs nello SM deve essere pari,
mentre Higgs pseudo-scalari esistono per esempio nelle
teorie supersimmetriche = occorre verificare questa
proprieta’.
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Events / 0.1

Determinazione di J

Nel sistema di riferimento della particella scalare,
I’angolo di decadimento e’ isotropico nel caso di
particella scalare altrimenti abbiamo una
dipendenza non triviale dal tipo di stato iniziale e
dallo spin, in generale un polinomio di secondo
grado in cos?0*

F{]g (9*) = Z Jm d%]m(e*)djm(e*)
m=0,+1,+2
Con m=+/-1 per annichilazioni qgbar
0,+/-2 per gluon-gluon, e dove le d
; sono le funzioni di Wigner e.g.
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Determinazione di J
ATLAS-CONF-2015-008

H — "/’7
Tested Hypothesis p?prﬁtzl | p?ffu:g | poM | pALT | Obs. CLg (%)
| 2+ | 013 | 75-107° [ 013 | 034 | 39 |
2t (k, = 0; pr < 300) | 4.3-107% | <3.1-107° | 0.16 | 2.9-107* 3.5-1072
2t (k, =0; pr < 125) | 9.4-1072 | 561072 | 0.23 0.20 26
2T (kg = 2K4; pT < 300) | 9.1-107* | <3.1-107° | 0.16 | 8.6-107* 0.10
2% (ky = 2k,4; pT < 125) 0.27 0.24 0.20 0.54 68
H — WW* — evuv
Tested Hypothesis pfxl;izl pffl’)i: i pM LT Obs. CLs (%)
0, 0.31 0.29 0.91 | 2.7.1072 29
0~ 6.4-1072 321072 | 0.65 | 1.2-1072 3.5
2t 6.4-1072 3.3:1072 0.25 0.12 16
2% (k, = 0; pr < 300) | 1.5-1072 4.0-107% | 0.55 | 3.0-1073 0.6
2T (ky = 0; pr < 125) | 5.6:1072 2.9-1072 0.42 | 4.4-1072 7.5
2t (kg = 243 pr < 300) | 1.5:1072 4.0-107% | 0.52 | 3.0-1073 0.7
21 (kg = 2rg; pT < 125) | 4.4-1072 2.2.107% | 0.69 | 7.0-107? 2.2
H—- 77" —4
Tested Hypothesis Porti—1 Pl | P3N paET Obs. CLg (%)
0, 3.2-1072 [ 52-1073 ] 0.80 | 3.6-10~* 0.18
0~ 80-107% | 3.6-107* | 0.88 | 1.2-107° 1.0-1072
2t 3.3-1072 | 57-107*% | 091 | 3.6-107° 4.0-1072
27 (ky =0; pr <300) | 3.9-1072 | 9.0-107* | 095 | 2.7-107° 5.4-1072
2t (k, =0; pr < 125) | 4.6-1072 | 1.1-102 | 0.93 | 3.0-107° 4.3-1072
2t (kg = 2K4; pr <300) | 4.6-1072 | 1.1-1072 | 0.66 | 3.3-107? 0.97
2t (kg = 2K4; pr < 125) | 5.0-1072 | 1.3-1072 | 0.88 | 3.2-10~* 0.27

Combinazione yy, WW e ZZ

Tested Hypothesis P P, v pa  Obs. CLs (%)
0 2.5-1077 4.7-107% 085 7.1-107° 4.7-1072
0~ 1.8-1073 1.3-107*  0.88 < 3.1-107° <26-1072
2t 4.3.1073 29-100*  0.61 4.3-1077° 1.1-1072
27 (k, = 0; pr < 300) <31-107° <31-10° 052 <31-100° <6.5-1073
2% (k, = 0; pr < 125) 3.4-1073 39-107* 0.71 4.3-107° 1.5-1072
2T (kg = 2k, pr < 300) <3.1-107° <3.1-107° 028 <3.1-107° <4.3-107°
2% (kg = 2Kg; pr < 125)  7.8-1073 1.2-107% 080 7.3-107° 3.7-1072




Determinazione parita’

e Utilizziamo il potere analizzante delle distribuzioni
angolari nei decadimenti H>ZZ2* >4l

* Per uno scalare che decade in due vettori di spin 1,
esistono 3 possibili stati del momento angolaro relativo
L dei due bosoni Z, corrispondenti a L=0,1,2

 L=0,2 corrispoondono ad ampiezze a parita’ positiva
(P=(-1)') (CP ugualmente pari, particelle identiche), L=1
ad ampiezze a parita’ negative

* Nel caso generale del decadimento di uno scalare in
due particelle di spin 1, avremo 3 ampiezze
indipendenti corrispondenti ai 3 stati possibili di
momento angolare e caratterizzate da proprieta’ di
trasformazione sotto CP diverse.

Una base appropriata per le
ampiezze e’ quella di elicita’, in cui
sono classificate in base all’elicita’
dei due boasoni dello stato finale
Ay A, A Gli angoli di
decadimento dei leptoni nel frame
di uno Z sono sensibili all’elicita’
dello Z

Nel caso H>ZZ e’ usuale
parametrizzare 'ampiezza come:

AX = Z1Z5) =v~ ('glmzflfz’ ng*(l f*(2) ;w + gaf* (1), Mq +(g f,_u/ ~*(2) Mu)

SM Higgs BSM scalar pseudoscalar

L=0,2 L=1




Determinazione parita’

phase space + propagator

dFJ(ml, ma, Q)
dmldmng

o< P(mq,ms) - ZKi(ml,mg)fi(Q)

? J=0: three helicity combinations (A.+,A-,Aco)

= Ki = [Av2,Re(AvAn”), IM(AsAn”) ... (9 terms)

Q = {cos 6", ¢1, cos b1, cos b2, $}

J

2 qq—>ZZ N arXiv:1208.4018
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16F o B ]
14] E
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o 1
10 . . Ccos
o . .
6| 4 *teeeses’
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Determinazione parita’
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Events /0.2

Determinazione parita’
ATLAS-CONF-2015-008
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Determinazione di parita’
ATLAS-CONF-2015-008

H — ~y
Tested Hypothesis | pALT | | pALT | pSM | pdlT | Obs. CL, (%)
2+ 0.13 7.5-1072 | 0.13 0.34 39
2t (k, = 0; pr < 300) | 4.3-107% | <3.1-107° | 0.16 | 2.9-107* 3.5-1072
2t (k, = 0; pr < 125) | 9.4-1072 | 561072 | 0.23 0.20 26
27 (kg = 2K4; pT < 300) | 9.1-107* | <3.1-107° | 0.16 | 8.6:107* 0.10
2% (kg = 2k,4; pT < 125) 0.27 0.24 0.20 0.54 68
H— WW* — evuv
Tested Hypothesis | pALT | | pALT [ pSM | pAET | Obs. CL. (%)
0, 0.31 0.29 0.91 | 2.7.1072 29
0~ 6.4-1072 321072 | 0.65 | 1.2-1072 3.5
2+ 6.4-1072 3.3-1072 0.25 0.12 16
2% (k, = 0; pr < 300) | 1.5-1072 4.0-107% | 0.55 | 3.0-1073 0.6
2T (ky = 0; pr < 125) | 5.6:1072 2.9-1072 0.42 | 4.4-1072 7.5
2% (kg = 2K4; pT < 300) | 1.5.1072 4.0-107% | 0.52 | 3.0-1073 0.7
2T (kg = 2Kg; pr < 125) | 4.4-1072 2.2:107% | 0.69 | 7.0-107? 2.2
H—Z7" — 4
Tested Hypothesis Pt pol o | pSN paAET Obs. CLg (%)
0, 3.2-1072 | 52-1073 | 0.80 | 3.6-10~* 0.18
| 0~ | 8.0-107° | 3.6-10"% [ 0.88 [ 1.2-10™> | 1.0-10"*
2+ 3.3-1072 | 5.7-107*% | 091 | 3.6-107° 4.0-1072
27 (ky =0; pr <300) |39-1072 | 9.0-107* | 095 | 2.7-107° 5.4-1072
2% (kg = 0; pr < 125) | 4.6-1072 | 1.1-1072 | 0.93 | 3.0-107° 4.3-1072
27 (kg = 2K4; pr < 300) | 4.6-1072 | 1.1-1072 | 0.66 | 3.3-1077 0.97
27 (kg = 2K4; pr < 125) | 5.0-1072 | 1.3-1072 | 0.88 | 3.2-1074 0.27

Combinazione yy, WW e ZZ

Tested Hypothesis P P, v pa  Obs. CLs (%)
0 2.5-1072 4.7-107% 085 7.1-107" 4.7-1072
0~ 1.8-1077 1.3-107*  0.88 <31-107° <26-10°
2+ 4.3-107° 29-107*  0.61 43-107° 1.1-1072
27 (k, = 0; pr < 300) <31-107° <31-100° 052 <31-100° <65-1073
2t (k, = 0; pr < 125) 3.4-1073 3.9-107* 071 4.3-107° 1.5-1072
27 (kg = 2K4; pT < 300) <3.1-107° <3.1-107° 028 <3.1-107° <4.3.107°
27 (kg = 2k,; pr < 125)  7.8-1073 1.2-107%  0.80 7.3-107° 3.7-1072




ULTERIORI CANALI DI
DECADIMENTO DEL BOSONE
DI HIGGS



H->WW*(Latest/ATLAS)
ATLAS-HIGG-2013-13

- 10° S ATLAS H—>WW*
o ATLAS 1 \s=8TeV, 20.3fb™
et 8TeV, 20.3fb™ E \ Obs+ stat EDY
~ 4 i N -
210 (@) =1, ee/up © Expxsyst B DYff/“u
o E [ Top
D 42 3 B ww
10 % [ Misid
Ovy
] B Higgs
1 . =‘£—- T T T T | T T T T glgl T
3 10 (€ m=1en 1
S ]
© 10
i)
$ 1078
>
LUl
10
gy

100 200 0 100 200
meISS [GeV] meISS [GeV]

e Stati finali con due leptoni e due
neutrini, background molto difficili da
controllare, nelle configurazioni di
interesse per selezionare il segnale

e Variabile fondamentale per sopprimere

il fondo Drell-Yan, la missing transverse
energy
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Correlazioni di spin

=0 W+
H s=+1

%

S

e

s=-1

I leptoni carichi a causa della loro elicita opposta
tendono ad avere la stessa direzione :

s=+1/2 s=-1/2
s=+1 I* s=-1 I
W+ W-
A &
y A V&

s=+1/2 s=-1/2

Uso del piccolo angolo di apertura tra 1 leptoni
per distinguerli da quelli del fondo



H->WW*(Latest/ATLAS)
ATLAS-HIGG-2013-13
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‘ Bottom panels
Top panels

A¢, variable sensibile
allo spin del Higgs
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H->WW*(Latest/ATLAS)
ATLAS-HIGG-2013-13
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H->WW*(Latest/ATLAS)
ATLAS-HIGG-2013-13

Oc
Q 1o
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. \s=8TeV, 20.3fb”
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H->WW*(Latest/ATLAS)

ATLAS-HIGG-2013-13
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Events / 4.0 GeV Events/(5 GeV)

Events /2 GeV

H->bb
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Cruciale aumentare la
risoluzione in massa
invariante del sistema bb
per aumentare
significativita’. Si
raggiungono valori di 6/M
fino a 10% utilizzando tutta
I’informazione dell’evento
in eventi del tipo ZH->IlIbb

Da confrontare con
risoluzioni di ~2% H->yy

Al Tevatron €’ il canale piu’
sensibile per mH=125 GeV,
al contrario che a LHC
perche’ la sezione d’urto
del fondo cresce molto piu’
che per il segnale tra p-
antipa 1.96 TeVeppa8
TeV
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S/(S+B) weighted entries

H->bb

n T T T T [ T T T T l T T T T I T T T T I T T T T [_
- CMS ® Data B W+udscg -
500~ s= 7Tev,L=5.01b" [ vH B —
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N P w+bb —— MC uncert. (stat.) _|
300} -
200} —
100 —
0=
2 E 1/ dof = 0.22 [ ] MC uncert. (stat.)
1.5
1
0.5 E—
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m(jj) [GeV]

Analisi suddivisa in molti sottocanali: WH—=>Inubb, ZH-=>1lbb,
ZH->nunu bb, regioni cinematiche e diverse categorie di b-
tagging e dei disciminanti basati sulle caratteristiche degli
eventi

Il plot qui mostrato e’ solo illustrativo e rappresenta la
distribuzione finale di massa invariante pesata per la
significativita’ aspettata in ciascuna categoria

Da un’idea del rapporto S/B e della difficolta’ di questa
ricerca
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Weighted events after subtraction / 20.0 GeV

S/(S+B) weighted entries
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Events / (20 GeV/cz)
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VBF+VH

W

H=>T1t
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Higgs coupling in SM

* Given Higgs Mass no free parameter in
the SM |

Vl(lol) = gl + Mol

th\W:\N/ZU \/

myy [mg = cosfl,

Then Higgs — Boson and Higgs — Fermion
(Yukawa) interaction perfectly determined
given particle masses




EWK Lagrangian

Low="Lx+Ly+ Lot Ly+ Ly + Lwwy + Lpwyy + Ly

Ly = Z flid j——{w 4*“’-51+u “"+?71€‘-II’;1+I"I:’""—%ZF,,ZP" +%1}1§ZPZ“+%(E)“H)(E)pH)—%mf{Hg

L= ef’" (-l )2

COS fl)u

N
Le -4 {l_ 1—1[“‘ Id + 7 IT ] W™ +he.

A :

_gmH b Oy Ly =
L:H_ 4muH 32muH ' Z

2 [+ 1
&{v : (gm“ H+ ! I ) (W Wt ety 2eosty Yoty Zp) J
fu Wy ——zg[(llwll L ¥ “‘UW)H”qinHu ZV quu) Hv H“ ( '1“%1191‘ Z}” Uqgu )‘
me':-znzup I +(.4p8illeu'-ZﬂCOSHu'W {H *H +” ” +H Sl Hu -ZFCOSH‘\')(.{,.,SiIIHI"-ZVCOSBW)‘?]

b

ffH

Qmw

Precision measurement of the Higgs couplings
will be possibly one of the most important
driver of the field in the next decade(s)
(provided no surprises behind the corner)




Higgs Coupling/tree level

decays

a

4mw

l
= gmuy MWW+ :
fﬂ\, (gm“ H-I- 4H) (W W 200§2 0WZ A )

L= _gmHHa g'mi e

32mw

gmg
Ly=- ngwffH

_ J
" 5\¢/” A\
W ﬂj« v Y
: : h
=g M, = g M, /2cos(8,,)2 = -g m/2M,y
=2 My?/v =M, 2jy = -m/v

That’s not for now,
wait for >10 yr

42




Higgs coupling/important

Y

o Ao

-
------ t

g A

W
i
i

loops

G a m m a
Gamma decay
drives the signal
significance,
proceeds
through fermion
and boson
loops: W and
top most
important,
negative

\_

/VV and Top
amplitude
weights in the
H->yy partial
width:

~k?=[128%, - 0.28 ]

~

/

interference:
1025" T T T T E';V .
o o Gluon fudS|on
= [ ¥ provides
T & dominant  Higgs
[ boson
g 7 production
o = . I
: mechanism
Top loop

:I II
80 100

M0 W

T
M. [GeVT

dominant (-10%
interference from
bottom loop).
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Grand Summary
CMS-HIG-14-009

Combined
u=1.00+0.14

H — vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— vy (ttH tag)
H— ZZ (0/1-jet)
H— ZZ (2-jet)
H— WW (0/1-jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (ttH tag)
H— 1t (0/1-)et)

H — tt (VBF tag)
H— 1t (VH tag)

H — 1t (itH tag)
H — bb (VH tag)

H — bb (ttH tag)

-4

19.7 b7 (8 TeV) + 5.1 fb' (7 TeV)

CMS m, =125 GeV
psm =084
—
|
| | | I 1 | | | 1 | l | | | I | 1 |
-2 0

2 4
Best fit cs/csS
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Grand Summary
CMS-HIG-14-009

19.7 6" (8 TeV) + 5.1 fb' (7 TeV)
Combined CMS mH =125 GeV

u=100+0.14
P, = 096

H — vy tagged
u=112+0.24

H— ZZ tagged
w=1.00+0.29

H— WW tagged
n=0.83%0.21

H — 1t tagged
n=0.91+0.28

H — bb tagged
u=0.84+0.44

0 0.5

1.5 2
Best fit O'/GSM

19.71b7 (8 TeV) + 5.1 fs" (7 TeV)
Combined CMS m, = 125 GeV

u=100%0.14 P, = 0-24

Untagged
n=0.87£0.16

VBF tagged
n=1.15+£0.27

VH tagged
n=0.83+0.35

ttH tagged
n=275+0.99

METERNTERNTE . T T T T SO ST SO NN ST S S

0 1 2 3 4
Best fit O'/GSM




MVBF,VH

Grand Summary
CMS-HIG-14-009

19.7 fb™! (8 TeV) + 5.1 16" (7 TeV)

6 T T T T T T -1 T T I T T T T T T 1
. CMS op H— VY tagged
o H— ZZ tagged
&> H— WW tagged ||
i H — 11 tagged
41 H — bb tagged
- SM Higgs
2 - —
)= ]
| | 1 | 1 | l | I 1 | ! |
-1 0 1 2 3
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Grand Summary
CMS-HIG-14-009

19.7 fo (8 TeV) + 5.1 15" (7 TeV)

- 1O:TTIIITTII[TTIIIT1IIITTII[TT|IITT]I[TTII:
< 9 . CMS — Observed B
N - ----Exp. for SM H |-
S :
7k _;
6 -
SF | -
41 |\ E
3 E
o | E
1} ;
0:1111 111111111111|||1111|1111:
O 05 1 15 2 25 3 35 4

/
Hyer v Hogh

Verifica della sensibilita’ dei dati ad un contributo >0 del processo
VBF (rapporto di sezioni d’urto normalizzate alla teoria SM



General Strategy

based on recommendation in

- Assumptions
- Single resonance

- No modification to kinematics of Higgs
events: acceptance is the same as In

SM

- Lorentz structure of amplitude as in
the SM

- Zero width approximation: igrnore
effect of interference with SM
amplitudes etc.

- Cross sections can then be written
as:

O','i°rﬁ

o X BR(i — H — ff) = —
H

arXiv:1209.0040

Ih\l\llf\ -

10°e—From tHC HXSWG

107 /
T

I

101§ /
10_21/

100 200 300 500 1000
M, [GeV]

(AR
LHC HIGGS XS WG 2010

3G.M?

 Parameterize deviation from SM through scaling factor for

couplings such that :

ML S,
[o=ily (Ty=k,1y 5 0,=K0,

2 _SM
I

- Taking into account dependency from various sub-
components in loop process scale factors e.g.:

2 2 von ,
KW=KW(KI,KW,mH) LK

2 —
gl

2

K geH

(Kb;Kt;mH)

- SM prediction incudes state-of-the-art higher order
corrections. Accuracy breaks for k!=1, but important NLO

QCD corrections factorize
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General Strategy/
Benchmark Fits

Total width cannot be directly measured at LHC

Assume no invisible/undetected decays are possible
such that:

r, =« =« (,m)I i=Ltb1,gW,Z.

Measure ratio of coupling scale factors k;, including one
ratio to the total Higgs width

Current dataset do not allow yet the precise
determination of all the coupling scale factors = Atlas
& CMS performed several simplified fits (blue one
shown in the following):

Ky VS. K¢: universal scale for boson and for fermions
Ky VS K,: Wvs. Z boson (custodial symmety)

K, Vs. Kk;: fermion type, up vs. down (all up/down type
fermions receive universal corrections)

K, vs. K: quarks vs. leptons

K, vs. k,: model independent test for BSM contribution
to 1-loop coupling

BR,,,: test invisible or undetected decays in total width

assuming BSM effect only in loops and SM tree level
couplings
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Grand Summary

CMS-HIG-14-009

19.7 o' (8 TeV) + 5.11b" (7 TeV)

_I 10: | I | | ] | | | | I | I I | [ | | | | :
£ 9 - CMS — Observed =
< | KKz Ay —---Exp. for SMH |
N8 | E
7 '-., -

5| '=.

5| ‘=.

o

3| |

2F -

1t :

0: [ Lo 1 1’ 1l L I | :

o
o
o1
—
—
o1

>

=

N N

Verifica del rapporto degli accoppiamentidi W e Z

(O}
[N



-2

Grand Summary
CMS-HIG-14-009

CMS 19.7 o' (8 TeV) + 5.1 b (7 TeV)

+ Observedé
¢ SM Higgs |

i
0 0.5 1 1.5

Verifica del rapporto degli accoppiamenti di W e Z
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BSM Higgs:
composite Higgs

4_] T 1T T l T T T 1 I T T 171 l T T T I 1T T T I T T 1771 ] T 1771
- ATLAS Preliminary

- \s=7TeV, jl_dt —4.6-48fb

+ SM X Best fit

. — Obs. 68% CL - - Obs. 95% CL
\'s=8TeV, det = 20.31b

Combined h— yy,ZZ* WW* 11,bb — Exp. 68% CL =~ Exp. 95% CL

__———-—'———‘~~~
—

-
-

S~V e R T - - —— T

IIlj(”olllll|llII|
\
\
\
\
1
\
\
\
\J
II|IIII|IIII|IIII|IIII|IIII

O MCHMS5
A D>
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Ky

Coupling to Vector Boson and to fermions deviations
can be interpreted in different Beyond the Standard
Model classes. As an exmple the Higgs as a composite
object (MCHM4) would produce a reduction of both
the k, and k¢ couplings as:

k=ky =kp = /1 -§&, =02/ f?
Where f is the compositeness scale: €<0.2 -
f> 550 GeV



-2AInL

Up vs down type fermions

2HDM Type II ATLAS Preliminary
—— Obs. 95% CL s =7 TeV: [Ldt = 4.6-4.8 fb
10 19.7fb" (8 TeV) + 5.116" (7 TeV) X Best it \s=8TeV: fLdt=20.3 b
T T T T T T | T T . * *
- 4 - === Exp.95% CL Combined h — yy,ZZ*, WW
- — Observed ] 5
9 - CMS — = SM h — 7t,bb
8: }\’du’KU’KV --.Exp.forSMH R =% 10_||‘IIIII|‘III]HII' TN T T
- ! c [ \ W7 ! \ J
m L\ 4 d 'I \ \\‘ \ \ \
7_ - 4}b q "‘ \ A \
67 — 3" 'l’ “ X AN
5_ ! = 2“ 2z \ :l 7 “ )
4= - 1 8'Sg g . 1
37 \“ = = .‘ 8! | l'l I
2f - 0.4 I LY
\\ ] 0.3 A \ —\ K
hé E 0.2 T TN
0 I 1 \\ I | 1 1 \—¥ \— \
0 0.5 1 1.5 2 01l||l|u||n||u||||HJ\|M|||1:||J||
Mgy -1-0.8-0.6-0.40.2 0 0.20.40.60.8 1

cos(B-a)

Up type fermions (top) vs down type fermions (bottom + tau)
comparison = no anomaly within 40% @ 95% CL

Important input for BSM Higgs models, where up and down
type fermions couple to different Higgs doubles. As an
example in a model with 2 Higgs doubles as in SUSY, coupling
to bottom and tau fermions are proportional to tanf=v,/v;:
the ratio of the vacuum expectation values of the two Higgs
doublet fields.

Low and high tanf region are excluded by the approximate
coincidence of the measured Higgs rate to the SM predictions

Regions of low cos(B—a) correspond to a low mixing angle
between the two Higgs doublets, implying the W/Z boson
coupling are very similar to the SM ones



Grand Summary
CMS-HIG-14-009

19.7 o (8 TeV) + 5.1 16" (7 TeV)

Q :lll 1 lllllll] I ]lllll]l I llllllll l:
< t CMS ]
N3 L
= — _
S - .
= - | === 68% CL 1
> 107F |—es% L 3
[ |---SM Higgs i
102 E
107 (M, g) fit _
=68%CL | -
—95%CL | A
10-4 1 ll]llIII | IlIlIIlI | Illlllll |
0.1 1 10 100

Particle mass (GeV)
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Indirect bound on

H—>invisible
CMS-HIG-14-009

19.7 o' (8 TeV) + 5.1 16" (7 TeV)
T T T T T | T T

10— |
of CMS B — Observed t Kk, can vary freely (H = yy);
F Ky, Ky Ky<T1, e Exp. for .
8 x, K. K, BR___ o for ST | |k, can vary freely (gg — H);
7F - . .
6k 1 |k, constrained to be negative
51 7 |(reasonable in most BSM models)
4} E
3l E
of 1 |BR <0.57(expexted 0.53) @ 95% C.L.
1
| SPPEE o N ER W B B
0 02 04 06 08 1

Bl:{BSM

Relaxing assumption on total width: allow undetectable
and/or invisible decays

Assume BSM effects only in 1-loop couplings

Likelihood scan for effective scale factors for gluon and
photon widths and total Higgs width, assuming no
deviation in tree level contribution to Higgs width a
bound on invisible width can be obtained from :

2
KH (Ki) FSM

(1 - BRinV.,undet.) f
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Perspective — HL-LHC

ATLAS-PHYS-PUB-2012-004

ATLAS Preliminary (Simulation)

15 =14 TeV: [Lot=300 1b”; [Lot=3000 fo
JLd =300 fb" extrapolated from 7+8 TeV

ATLAS Preliminary (Simulation)
15 =14 TeV: [Ldt=300 o ; [Lat=3000 b’

[Lat=300 " extrapolated from 7:8 TeV

1T [ \\|1||\|\
: : III\IIIIIl\\\!I
Hopu . /Ty r
* Showcase ey BB
the potentia n
for HL.LHC ~ WZ
— Precision \BFH- WW
of a few
percent
seems
reachable I
VBFH-yy r n
* Ex.k,vskfi H—>YY(+J')W§ L zr
with n
(WithOUt) H_)’Y,Y 1 1 | H |\I||III[\\\[I
theory
uncertainty 0702 04 06 08
ATy
0 | 30008 Iy FY

Ky | 3.0% (5.6%) | 1.9% (4.5%) Current th
K | 8.9% (10%) | 3.6% (5.9%) uncertainty 57
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