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* Introduction.
* Higgs to 17.

* Higgs to bb:

- VH;
- VBF (new);
- ttH.

* Higgs to fermions (combination).
* Higgs to uu/ee.
* Run-2 prospective.

* (Conclusion.
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* Higgs cross section 8 TeV — 13 TeV ig S
for my; = 125 GeV: “’255 _______________________ gt
- goH: 19.3 pb — 43.9 pb; [x2.3] "’%‘i ) H@gxf@-—.------_f._‘_j:f_' )—
- VBF:  1.57 pb — 3.75 pb; [x2.3] 1§t@f»’ bsk\
- VH: 1.12 pb — 2.25 pb; [x2.0] 10-1;; ;v::é;:@ioo: -p—p;ﬂr\: e o |
- ttH: 0.13 pb — 0.51 pb; [x3.9] 10_ NisTwzo0s _
* Higgs branching ratios for m,; = 125 GeV: e o0 0 0w 7"’\/%%};"5]
- H > bb it ‘ |
- H— WW (21%) — 212v (0.21%); %10": %
- H—> 1wt (6.3%); %0_2:
- H 77 (2.6%) — 41 (0.01%); il
- H—1vyy (0.23%); 107

1]
1 ‘ L] L 1 L 1 1 1 L 1 1 1 L
120 140 160 180 200
M, [GeV]

1 ‘ L |
100

- H — uu (0.022%), .10%0. .
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VBF

g T oe—e—— 1§

H — bb

(QCD bkg. too large)

Large QCD bkg.

Low mass resolut.

Small x-secxBR
VV, V+jets, tt bkg.

Low mass resolution

Small x-secxBR
tt+jets backgrounds

Low mass resolution

H— TT

Large Z—TT bkg.

Very low mass resol.

Small x-secxBR
Z—TT bkg.

: Low mass resolut.

Small x-secxBR
{ 7Z—TT bkg.
Low mass resolut.

Very small x-sec.

Low mass resolution

H — ppu

Small x-secxBR.
Large Z—uu bkg.
High mass resol.

iVery small X—sec*BR,EVery small x-secxBR

'Small Z—pp bke.
: High mass resol.

:Small Z—pp bkg.
‘High mass resol.

(x-section and BR

are too small)

S. Donato (CERN, INFN, SNS)
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© Higgs to 1t BR ~ 6 %.

© Good 1T ID — small QCD bkeg.

® Large Z — 171 irreducible bkg.

® Neutrinos in final states:

— di-tau invariant mass measured using

CMS Simulation Vs = 8 TeV nt
% 02 H -1t m, = 125 GeV 3 o190
—— Ho1mtmy= B
S o.18- " S b
2 0.16] [Jzo= g F
£ £ o12f
2 o0.14f = r

CMS Simulation Vs = 8 TeV ne,

L

—— H—>1tm, =125 GeV

I:I Zortr

maximum likelihood (MMC and SVFIT).
© All production modes available:

— ggH: high cross-section,

but low mass resolutions (neutrinos back-to-back);

- VBF': specific topology, useful

to reduce Z — tt background;

- VH: low cross section,

but better mass resolution (boosted taus);

- ttH: very low cross section.

Lt -
100 150

ol
200
m,; [GeV]

. L
250 0

|
200 250
m.. [GeV]

<>

8 021 TiopThaa BOOSEEd
Z—1T
-------- H(125)—>1t

‘ T T T T

ATLAS E
mpeak(Z%TT) =904 GeV E
MeaH—71) = 122.3 GeV

FWHM/m, ~ 30 %
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* Analysis categories:

= Other categories [CMS]:
+ VH (@+LL' or £+Lr,,

- Boosted category: pti; > 100 GeV [ATLAS,CMS];

- VBF category: two high-p, jets with high An(j,,j,) [ATLAS,CMS];

where f=e,l and L=e,l,1);

* 0-jet.

* Decay modes:

- 1,7, (hadronic decay in 3/1-prongs);

eTha th;

ee, ell, UL

1-jst 2-jet
categories Py > 100 GoV
P m; > 500 GeV | m, = 700 GeV
100 GeV | |An|>35 & > 40
ih.poth | high-pe®
07" > 45 GeV high-pr™ | 4 casted Nesm
VEBF tag
baseling low-py™
; n | high-p”
o™ > 45 GeV/ “PIgR-Pr | baosted loase
VEF tag
baseline low-p™
B> 30 Gev
b > 35 GeV high-pq¥ oot
VBF tag
baseline low-pr*
high-p'
by > 35 GaV 26t
-0t
baseline lowr-py
boosted | | “@ng VBF tag
baseline
LN Pt > p™ > 100 GeV
100GeV | 170GeV | m) > 500 GeV
an,| > 3.5

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC
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* Background estimation:
* Signal extraction:

- Fit on m_ distribution [CMS];

—, misidentified hadrons, fake rate modeled

from data;
- Fit on a multivariate
discriminant [ATLAS].

- EW from simulation;

- 7 — 11, using Z — uulevents from data.

CMS, 4.9 fb' at 7 Tel/, 19.7 fb' at 8 TeV

LN LA B ) B B B B
VBF —+— Data

— M~
> ! a0k %SM H(125 GeV)_m 4 1 04 Tiep Thad 3
[«}) L }J.Th, €T, T, Ths €1 Data - background S “r— - 8TeV, 20.3 fb_1 — H(1 25) (}J.i'l 4) ]
S?__ 2500 - [fBkg.uncertainy [~ pIe=0 IV, LS H(1 25) (“-1) ]
i i 20 T *2 o[ ATLAS 7 ]
el -

e == ol = A —3 0>-> 10 Il Others
€ 2000 -+ T W Fake
S [ -20f i 5 2222 Uncert.
2 i 10
t B 40._ L L L

— 0 100 200 300 —
E 1500 i m.Gevid B g
= i 10
=777 SM J(125 GeV)->tt

IIIIIIIIIIIlI

Data / Model
o
S NI
L
+ 1

1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 100 200 300 -1 -0.5 0 0.5 1
m_. [GeV] BDT output
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* Signal strength:

5 10' —— oas 72 famas T g letev st

E ; [ Background (u=1.9) ; § 10 %— * I‘C\:ﬂ;: gg::nn::g Hosee
- ATLAS: p = 14377 & e | sty N
+0.27 : e TR -4
- CMS u = 0.78 —0.97" 107 - 10_2; --------------------- /izs
E ] 3 Bo

* Observed (expected) p-value: o o= 5 | ‘Ojf‘ I 1
GoeTevamt | 10_5‘ Ho

- ATLAS 4.56 (3.46), 1E (s=7Tev, 451" ' E 10 ? * _
e 10906 110 120 180 140 150

- CMS: 3.20 (3.70). log, (S /B) m,, [GeV]

10° CMS, 4.9 fb'at 7 TeV, 19.7 fb™ at 8 TeV E a0l ATLA‘S' IR o 1 CMS H—nl'c, 4.9 b at 7 Tev, 1|9.7 fb' at 8 TeV :
" . . . . | - ; r O _e— Data N ] T T T T T T T 5
- EZ] SMH(125 GeV)»x C B = 3 .
c - [Z SM H(125 GeV)—tx 20 n-..mwm 1 = I H— 1t Cut-based analysis ~— H(125) (u=1.4) T ® 4 E 1o
@ 10 [ Bko. uncertainty = C Bzt ] >10'F
LE -o- Observed £ 30_ B Others a 6_
108 [ O-jet [ el 10 E C I Fakes ] w102 beeee o 20
1t WL ! N 7 Uncert. - 3] o i
5 |l VEBF tag = 200 - ] . ol
10 & L fs=8Tev,203f" 1 =103 oS 7 30
w [ | \\‘~ "1'
104 s C a4 0 F 0 Tl g
£ 10: ] 0t T j
10° C B 40
= 10° —e— Observed p-value
102 — T :
%’ — H(125) (u=1.4) — 10-6 - 0 Expected for SM H(mH)
10 >R N O o H(110) (=13) 3 56
g weee H(150) (n=1.9) 2L
e 10 E
1 o E
E A R R R RS SR
10" %’ P 10° 100 120 140
-3 -2 -1 0 = 150 200 m,, [GeV]
log(S/(S+B)) m¥VC [GeV) H

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC ]



nrepr-=e

CERN 2 .
D) (Y e, Higgs to bb

SUPERIORE
PISA

© Highest branching ratio ~ 60 %;

proton - (anti)proton cross sections
10’: T T L L | 'l' T T Il'_l T " T 10’

® Low mass resolution (jets as final state):

10° | T 146
. . s 10’ r Tevatron LHC: 410
- possible missing energy from: B — v 4+ hadr. | - st il

=k
‘:w
2_-1
s

® Some production modes are overwhelmed

5
by QCD: %
- in ggH QCD 107 times larger — no sensitivity;% :: %:UM@MHMGM %
- VBF topology is useful to reduce QCD bkg.; :: E
- VH is almost QCD free thanks to V. — &,tv,vv :: @
but it has low cross section — high sensitivity; ::
— ttH channel has a very low cross-section — Wy

low sensitivity.

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC
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* Backgrounds:

— Leptonic V decay rejects QCD

backgrounds;

— Main backgrounds: Z+jets,
W--+jets and tt;

— Shapes are from simulation and

normalization from data.

* Improvement on mass resolution:

) F CH*S T T T T T T 2 F o
= r Dat Zib 4 - N
S goof o= oTey L1890 gun &:. = 2 [ (5= oTeV,L=180 ' N VH Hzeb
8 F 2w JH(bE) I 2 [z vy 1 2 1000 — w(ev)Hpb) [ Vi) [ Zsudscg —
B [ enriched [ vz [ I ] S [ Wsudscg enriched E w(u::nl Egngb -
i 500 [l Wiutsen)  []singletop  — i} eool = ws [
F [Jz+u = MC uncert. (stat) | C I W-udseg —— MC uncert. (stat.)

CMS T T - ml

Events / 4.0 GeV
o

~ b-jet energy regression [CMS];

— resolution correction, for soft muon
B decay, and kinematic fit [ATLAS].

Events / 2 GeV

3 5E 5
A 0B 06 04 02 0 02 04 06 08 1 08 06 04 02 (] 02
BDT output BDT output
C TS ST T ..}.‘;;;i;‘,.‘(;‘,_ﬂ.y;.‘_ 3 01_“&_'._‘1‘4.5‘_5%.[]{3“5..,‘.. Hm;mhml(a‘qal‘
-1 Pythia VH, H — bb MG — tedcev . ] g - Pythia VH, H — bb MG Pl e redGey e o]
- 2lep., 2 jots, 2 brtags Lokbh cev 1zt < [ 2lep.2jets, 2b-tags A haseyv wm
0087"’: inclusive ¢¢+.§ 4o GeV 4% | E O.DSFP:’"MM # ; ]
/ L e F H 4
.06/~ o Gidbal Sequential Caib. (GSC) RS — 0.06~ o Giohal Sequental Calb. (GSC) % —
© +Muon-n-Jet Comecton i . +Muonin-Jet Carrection '
4+ Resolution Correction - - +Kinamatic Likelihood Fit B
! J o004 ; .
| 0_02__ i —
L S s ]
T (L S I T | | [ T —— A I .
GO 20 40 60 0 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
my, [GeV] My, [GeV]

[ N U
t CMS Simulation —
[ /s=8TeV

- Z('T)H(bb), p? > 100 Gev — 19

L o e
Nominal B
: 15.8 GeV (13.2%)]

iegression _
5:12.4 GeV (10.0%)]

P N I B P P ... . |
60 80 100 120 140 160 180 200

m(jj) [GeV]
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0) NN VH — &v,vv + bb
2 O I Al

§oms e E
P 4 hd - is= 8Te\_0',L=18.9 fb — ngle top
Analysis categories based on: g ooy B e
: = Sy
u 3 |:|Z:b —— VH(bb) 125 GeV
10 [ Z+udscg <= MC uncert. (stat.)

— vector boson decays: Z—UU, Z—ee, i
Z—vv, W—uv, W—ev, (W—1v).

1
- Vector bOSOn p ° gl‘l III\!I\\\!\I\IlI\Ill\ll\l\l\Ill\\\!l\\\!\\\lg
T’ O 2%_ %%/ dof =0.49 [] MC uncert. (stat. + syst.) ["] MC uncert. (stat.)_%

=155 ; =

£ e T— g

. Qo5E =

- Ot heI‘ CategOI‘leS [ATLAS OHIY] . 05 055 08 065 07 075 08 085 09 005 1
RDT nnitrut

m L | LI ' rr | LI | LI | UL l LI LI | UL ' LI

S 104% ATLAS = *v;f:,«':»”i’&no) 1%'

o 1 3 3 1 . > C (s=8TeV [Ldt=203" [ Diboson 3
JetS multlpllClty, 8 3l 2Iep.,3ierIs,2M9dium+TighNags Eg.ng.,,op ]

2 10°E pvs120 Gev . Z+h E

w E T 3 Z+cl =

r [ Uncertainty ]

o «=s+ Pre-fit background

102 s VH(bb)>x20 =

* b-tag discriminants. S

* Signal extraction: i

10 =

— fit of multivariate discriminant

-

distribution.

+
j |

Data/Pred

5..l...l...l...l...l...l...I...l...l..%
-1 -0.8 -0.6 -04 -02 0 0.2 04 06 08 1
BDT,,
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- o T T T 1§
= L =] E *7 3
g 05 ATLAS (s=7TeV [Ldt=4.7 b RN *13
E > n ]
< F |~ Observed Vs=8 TeV [Ldt=20.31b" S0 I
NI Expected | 7 = E 3
E [ Injected 125 GeV S E épo
B i —10%F E
107} E. B
F e —po
- 107¢ cms E
102 F (s=7TeV,L=5.01b" 1
E A
* (Observed ted value:
SErve expectie p-value: R N TR : PPV H b E
‘0735_ sl —e— Observed 7
E— - 10 ; -------- Expected from SM Higgs boson ;
10-4| P N N S S N S S N A S AN S SO S A SO SO SR | o ]
110 115 120 125 130 135 140 10-8 e b e b b by i 1

ATLAS: 1.40 (2.60);

ATLAS  5=7 ToV, [Ldted. 7 fb"; Y58 TaV, [Ldt=20.3 5" . )
E=7TeV,L=50f" (s=8TeV,L=189M"

i T CMS m, = 125 GeV [*]
= — — pp - VH H- tb
i Combined j1 = 1.0+ 0.5
CMS:  2.16 (2.50)
* b ° . #0.BE 4 u ?2 #0050
2 laplan | p—mesy  0.94 [* Js
il -0.7e B -4 Z(vv)H(bb)
u=1.0+08
+ 0LBG6 +0.50 +043
. b w17 g (o o)
* Signal strength:
® FOEE 2049 +0.26 L=08:10
LN = I—— 035 ge (Zpas —par)
W(N 7v)H(bb)
Cornbination = 0.51+ 040 { 133‘11 ‘_%??52 y:‘n;Ji 09

ATLAS: B = 0.52 & 0.40;  “rsrisiiey bl

4
Best fitp
bestfltu—ma_ fior m, =125 GeV

8 10 Amas _ e 10 ] £ BD_cms' Y
. [ &=aTeVLdiaz0an™ [Diboson 1 c (s= 7TeV,L = 5.0 tb” ,
CMSo _— 0089 :t Oo43. p Detadlop, 263 fots 2 ings o tinesrny i (8- BTeV, L - 188167 [
& g[ WelnedbyHggss® ] 2 [ ° Cw ]
L ] = pp— VH; H— bb
— N 1 < gOl —— Sub. MC uncert.  _|
S 6_ 1 '§ I —— VH + VV MC uncert.
T o 7 [ ]
£ | 1 @ go- .
=] F i +
S 4L _ 25 r b
o p s T 8
5 f ] I 1
® ol 1 20~ B
2 I ] [ 1 L
s - o L
@ ] IR IS — §
B S T e Lo
B 100 150 200 250 0 50 100 150 200 _ 250
[*] : plots obtained excluding gg — ZH contribution. 2 m,,, [GeV] mii) [GeV]
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© Highest branching ratio ~ 60 % and large cross section;

@ Fully hadronic final state — large QCD background.

3| CMS Experiment at LHC, CERN
C S i| Data recorded: Sat Aug 4 21:17:51 2012 CEST
AN i| Run/Event: 200245 / 198478589
i Lumisection: 175
> V| bb dijet invariant mass: 114 GeV
e \\ \ qq dijet invariant mass: 1.3 TeV
Y S additional soft HT: 1 GeV —

© Peculiar final states:

— Two b-jets;

— Two quark-jets with
large An;

— No additional hadronic

activity between them.

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC
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* Events are divided in 7 categories, with

different S/B, using a multivariate

discriminator (uncorrelated with m_ ).

* Signal is extracted with a simultaneous fit

onm in all categories.

* QCD is fitted in all categories with a

common fifth order polynomial.

* QCD shape corrected with a category-

1 19.8fb" (87TeV)
' ' I ' j Il j I;

Events /0.10

' 1] eData(setA)

v 2 []QcD (x 1.65)

| [Jz+jets
==

i [[]singlet

: : DW+]ats

! "1 —10xVBF H(125)
i -- 10xGF H(125)
] DMC stat. unc.

Data/ MC - 1

dependent quadratic transfer function.

BDT output

Signal strength | [ Normalization and shapes of signal, Z and top Free parameter

v ~
filmyy) = pu - Ny - Hi (mpp; kygs

Fixed parameter

(simulation)
jEr) + Niz - Zi(myp; kyjes, kjer)

+N; ¢ - Ti(mpp; kjes, kjgr) + Niocp * Ki(1py ) - B(mpy; Pset),

.d

4

-~

QCD normalization

Transfer function
(linear or quadratic)

Polynomial QCD shape
with free parameters.

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC
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SCUOLA
S \?\
. +1.6 19.8 fb! (8TeV)
° . —_ b= L o e e
Slgnal Strength. u -_— 208 —1.4 - bm | CMS e CL observed H bb 7
B 9 - — CLg expected - -
1 14 - 8- - - CLg H(125) injected —
* Observed (exp.) 95% CL upper limit: s 9  Stat129) iected
.E B CLg expected (95%) B
O 5 N
Lo 4L _|
* Observed p-value (exp.): 2.26 (0.806). 5 *
o 3} Bl
S
* (Cross-check Z—bb resonance: 5 2 ]
o 1 —
_ +0.44 $7|‘.H|‘..‘|H.‘|....|
- HZ _ 1.10 —0.33 9 p—VahJ_eZ 3.66 (3.36). o 0115 120 125 130 135
Higgs boson mass (GeV)
o6 «%10° 19.8 b (8 TeV) 19.8 b (8TeV)
> - cms | | " Categoy3 | o 450F cMs Category 4 E
o 2 7 bb * Data ; O soof H - bb * Data E
o 22 - — Fitedsgnal I — Pl
w0  20F — Bkg. + signal 3 a 350 e —Bkz:;.+signal E
~ gt @ TS, Bkg. : £ 300F e ---- Bkg. =
w 7 [ 20 bkg. unc. ] G>J F __.QCD ]
5 16F [ 116 bkg. unc. 7 L 250F [ 26 bkg. unc.
>  14f 3 2005_ [ 1o bkg. unc. 3
W qoF E : :
g E 150
E | | | | | | | | | | | | | | | | | | | | | : 100:_| 1 1 I 1 1 1 I 1 Il 1
[@)]
ﬁi g 50
o § 0
[4y] E +—
=k E oo o o by e 1y g 8-50
60 80 100 120 140 160 -
m,, (GeV) %
S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC 15
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* ttH production has a low cross section: tt
- H — bb: best sensitivity (high BR). I t
b
* At least one leptonic top decay is required H <6
to remove QCD background.
q t
* Two main categories:
tt4+b-jets
- Single lepton (ttH — 2b+2j4+(+Vv+2b); )
g t
- Double lepton (ttH — 2b-+20+2v+2b). b
* Complex final state: 4 b-jets (+ 2 jets).
g t

* Main background is tt-+b-jets (irreducible).

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC 16
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* A likelihood ratio is used to discriminate signal vs background.

* The probability that an event is ttH or tt4jets has been evaluated
using the Matrix Element Method (MEM).

Probability of a final
state x to be compatible Normalization Integral over the phase space

with the process i with ’/ of the initial-state particles

the set of parameter o /

N )4
P; (x|cx) =J£3p ()a) /dpAde f (pa) f (pB)

Matrix element ———» |Mt (y|a)|2

W(yle) dPn (y)

/Ma: between the reconstructed Integral over the phase space
Flux factor final state y and the parton level x | | of the final-state particles

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC
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* Signal extraction:
- Fit on multivariate discriminant that includes MEM [ATLAS];

- 2D fit using MEM and a heavy/light jets discriminant [CMS].

19.5 b (8 TeV)

S 180 ATLAS _e Data 2 Ppy<0.5 | Ppy?0.5
° B 160: Vs =8TeV, 20.3 fb" -HHI“hZ;s) E SLC_T:T-“ H)
E Dilepton L ti+lig |.u —4-Data [ (125)
Observed (expected) 95% & ™ omo = o e
@ Mo - — fiH (125) x 10 1
F Postit ItV p
120 1 non-t Elti+b_
Bt + bb
_____ I Single top

fi+WZ

CL upper limit: Z
801 i
60|

ATLAS: 3.4: (2.2); 40;

20F

U e 2.
T
© 1.25
CMS: 4.2 (3.3 = wﬁ% R
. ° ° o s 075 Pun
o L
(=] 051 -08-06-04 02 u 02 04 06 08 1

20—
NN output Fh : i* fﬂ
o

o Signal Strength: | — tot. ATLAS Vs=8TeV,203fb" | 19507 (BTeV)

Data/Bkg

fiH (Hbb)  (tot) (stat) CMS
sLi— — -
Dilepton p———a——— 2.812.0 (1.4) |
ATLAS: p = 1.5 773 o .
¢ —1.1 , Lepton+jets - r——e—— 12+13 (08) — 5

. - +1.6 Combination - —e—— 15414 (07) Combined |- _
CMS- ul h— 1 .2 _1.5 S N SN AT S S S SN S SS B H

0 2 4 6 8 10 ——
Best fit u:ﬁfcssm for m =125 GeV Bestfity=alo_ atm, =125GeV
S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC 18
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* Previous analysis without using Matrix Element method.
* Signal extraction:

- Fit on multivariate discriminant distribution [ATLAS,CMS].

_CMS ttHbb /s=8TeV,L=19.31b"

140[= ATLAS Preliminary _e— Data

e 7]
o - >6 i >, -
@ r det:zosfb",E:aTev {223tfH (125) norm S % Lepton + 26 jets + 24 b-tags
* Observed ted) 95% e : .
L +ligl
SEIrve expecte 0 g 24 an =P
r I t1.bb
100[—~ CoOthV

CL upper limit: 3

- ATLAS: 4.1 (2.6);

20

_— ) e

Q 125 [$)

o = E

- CMS: 4.1 (3.5 S ot :
. ° ° o & 0.75F g ! —t—

OL?\Q -NAR N4 N2 n no na nNA neK 07 ) ) ) ) . ) ) .

ATLAS Preliminary \(E:BTeV,det:ZO.Sfb" -08 -06 04 -02 0 02 04 06
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

BDT output
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* Combination of all H — bb analysis,

signal strength:
[new!]

- "CMS (VH, VBF, ttH®): p = 1.037 4.
- ATLAS (VH, ttH):

L= 0.63 _,;.

* Higgs to fermions (H—7tt, VH—bb) p-value:

- Observed (exp.), CMS: 3.80 (4.40).
— Observed, ATLAS:

© Legacy analysis (no Matrix Element)

~4.50.

20CMS fs=7TeV,L=5f™" ys=8TeV,L=19-20fb"
18 my = 125 GeV
16k —— VH->bb
. 3.80 — H-oo1r
14 —— Combined
12
10

v‘-lk T | 1T | T 7
ALY
/ \

standard
model

J/‘-.

L J_J——f*r’if‘[/\‘|/| [ |

N g
O T

T I = |
02 04 06 08 1

L1 11
12 14 16 18
U
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°* In Run-2 we have: proton - (anti)proton cross sections
1“’ T T T T T ¥ LI B L | = T 1&‘
- more energy (13 TeV); 10 b o —— R L
10’ ‘ Tevatron 'LHC: ‘ 10’
_ : : 9. 34 2a-1)- o [ : lFmiee iy
more luminosity (~2 - 103 cm-2s!); 'l 5 | e 410
10° £ : A Bl
* At the new energy cross-sections increase 10* b LA E
10° - /,: 4 10° ﬁg
© ttH: x4; _ 10 - Ay
) : ¢ N
c 1wk 410"
S
@ ggH, VH, VBFEF: X2; 1= 0, (E > 100 GeV) g 9
10" | 410" @
af 2 O
® tt: x4. il I
10° E 410° 2
* With more luminosity we aim to improve " f { s
[ S R : : : H10°
the signal strength resolution... ot kb | I T
1n':|' s '.-'.'.H-'.?l'lll:i EHes H = i £ 1u-i"
0.1 1 10
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CMS Projection
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The searches for the SM Higgs boson decaying into fermions have been

presented.

The most sensitive search is H — 11, where ATLAS and CMS
collaborations reported excess with respect to SM background processes

equal to:

- ATLAS: 4.50 (exp. 3.40);

- CMS: 3.20 (exp. 3.70).

In Run-2 we expect to collect more signal events thanks to:
— higher energy — higher cross-section;

— higher luminosity.

With 300 fb-! of collected luminosity we expect to measure Higgs
coupling with b,t and u with 10% — 20% of uncertainty.

. Donato (CERN, INFN, SNS) Higgs to fermions at LHC 24



N

) gg
C\w INFN References

NORMALE
SUPERIORE
PISA

ner-pe

 ATLAS:

Higgs to tt: JHEP 04 (2015) 117;

Higgs to bb (VH): JHEP 01 (2015) 069;

Higgs to bb (ttH): arxiv.1503.05066, (legacy): ATLAS-CONF-2014-011;
Higgs to pu: Physics Letters B 738 (2014) 68-86;

Higgs production and decay rates and coupling: ATLAS-CONFEF-2015-007;
Run?2 prospective: ATL-PHYS-PUB-2014-016.

* CMS:

Higgs to tt: JIEP 05 (2014) 104;

Higgs to bb (VH): Phys. Rev. D 89 (2014) 012003 ;

Higgs to fermions (VHbb+1t): Nature Physics 10, 557-560 (2014) ;
Higgs to bb (VBF): CMS-HIG-14-004;

Higgs to bb (ttH): CMS-HIG-14-010; (legacy) JHEP 09 (2014) 087;
Higgs to uu/ee: Physics Letters B 744 (2015) 184-207 ;

Run2 prospective: CMS-NOTE-2012-006;

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC

25


http://link.springer.com/article/10.1007/JHEP04(2015)117
http://link.springer.com/article/10.1007/JHEP01(2015)069
http://arxiv.org/abs/1503.05066
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-011
http://www.sciencedirect.com/science/article/pii/S0370269314006583
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-007/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016
http://link.springer.com/article/10.1007/JHEP05(2014)104
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.012003
http://www.nature.com/nphys/journal/v10/n8/full/nphys3005.html
http://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-14-004&marc=yes&name=CERN-PH-EP-2015-121
http://cds.cern.ch/record/1987629
http://link.springer.com/article/10.1007/JHEP09(2014)087
http://www.sciencedirect.com/science/article/pii/S0370269315002117
http://cds.cern.ch/record/1494600?ln=en

Backup



wiy
) & A
\ ‘ SCUOLA I I lggs O TT L
' NORMALE
NL S L/ SUPERIORE A
PISA 5
AT LAS BE —ofstatistical .
I m_(f}h (Cate L'.t'n\ : : VBF : : i i Boosted : i A TLAS G( } T01a| Ul"lCE'l"tal r“y
BDT output bin All bins Second to last bin Last bin All bins | Second to last bin Last bin _G(Syst excl. theow}
Fake background 370 + 18 23409 0.57 £0.20 | 645 +26 3544 0.65+ 0.33 my = 125.36 GeV h +1c on 1l
Others 37+5 0.67 + 0.22 <01 80+ 11 15.94 2.0 0.92+ 0.22 —o(theory)
Z->7TT A75 £ 16 06+0.7 0.6+04 |2230£70 93+ 4 5.4+ 16 tgg i
gal: H — 77 (my = 125 GeV) | 80+2.7 0.67 + 0.23 053+020 [ 21+8 9.1+33 1.6+ 06 = {40403 : e :
VBF: H — 77 120 + 3.1 1805 34409 | 6.3£16 2.8 +0.7 0.52+0.13 H— 1t H=1-%-04 L0 : O .
WH:H =77 0.25 +0.07 <0.1 <0.1 104 1.1 19405 0414 001 | b SO I P I I A B
ZH: H - 77 0.16 + 0.04 <0.1 <0.1 24406 1.13 + 0.30 0.23 %+ 0.06 Boosted w=2.19308 I |—|-—| |
Total background 883 £+ 18 3613 1.241.0 2960 + 50 143 +6 TOE18 | prmmrmmmmmmmmmmmmmmmmm e 0"4' e — s —_
. ' . '
Total signal 0+5 25406 39410 | 34410 15+ 4 27408 VBF w=1.2%,|*082 i ol |
Data 892 5 6O 3020 161 10 __'__'____'__'_'__'________""'1'1' R . : . * : : : : * -
7 TeV (Combined) L = 0.9 * 02 ln—-:—| i i
8 TeV (Combined)t = 1.5 33| *92 | - |
+ 0.7 : .
cMS i =
+1 + 0. . .
1 1 1 1 H— TIEpTlep H=20%g|-0s ‘. 1 :
CMS,4.9fb"at 7 TeV, 19.7 fb" at 8 TeV CMS,49fb"at7 TeV, 19.7 fb" at 8 TeV v g } | : HH |
L] L) T T H T L I T cML L i s L " L " " N M s s
_ : ee : _ . _ 20 |+ 1.4 : ' L
* : my, = 125 GeV 0.05+1.60 N, my = 125 GeV 0-jet Boosted L= 3.0 70 | : H —
: i P e Sl M il . M.
: o 0.3421.09 VBF =1.7 +1.0 | + 0.8 PRE S — !
. : i K= 09)-08| | | |
: -0.54+1.38 : - .
i i . 0. .
i eun >_-_'_. 1'let H 05 :gi —— :
. : +0. )
N 0.90£1.03 ; 1.0740.46 = TipThad [ = 1.0°32 oS |_H_| |
H 5 + 0. .
T Th L ol | NS BN
7 131:0.63 E 2-jet (VBF tag) Boosted n=097%5]"8 & —— :
E et . 0944041 |  Fe-mmmemmmm e mmeeea e S R | i il - i | L i i | i i L L
~—: h : o _ #.6 | +05 : ! .
: 0.31+0.55 ] VBF =107, s i o B i
: ] . 0.5 : :
N — KT, P H+LL' + I+L7, iy —_ ;
1.01+0.41 : 0.33+1 02 H - ThagThag 1L = 2.0 ‘g_? tgg _
- II+LL' + I+L, : sg.: i HH |
L N e [ SANP L N [
: -0.33+1.02 H ; . ; :
: o H-tt Boosted L= S.G'f'g Y i : i I———i—|
ull H-1tt : 0784027 |  F--mmmmm e o D P - P
— i ey . . ; : . .
. ; . 0.76:0.27 . . , VBF ="145%% 05 I — —1 : | :
0 2 4 0 2 4 i 0 i i i i 2 i i i i 4 i i L i
Best fit n Best fit u

Vs=7TeV,45fb"

/s - 8TeV 20.3 fb° Signal strength (u)

S. Donato (CERN, INFN, SNS) Higgs to fermions at LHC

27



CE/RW
\

N

)
INFN

C

wiby

5B
¥
O, o 0,

SCUOLA
NORMALE
SUPERIORE
PISA

Higgs to 17

ATLAS - BDT inputs

Variable VBF Boosted
TlepTlep  TlepThad  ThadThad | TlepTlep  TlepThad  ThadThad
mE-LI\-I C . ] ] ] . .
AR(7,72) . . . . .
An(j, j2) . . .
THJ'I g2 [ ] L ] [ ]
i1 > Mo L ] [ ]
pgotal . .
Sum pr . .
pr/pPY . .
ET"%¢ centrality . . . . .
T’H‘q,g,jl L]
me, 0, .
Ad(ly,42) b
Sphericity .
P .
i .
B~/p7 .
mr . .
min (A, 7, jets) .
CTFI:’FZ(??fl) ’ C‘*‘?l:??z(??"-’z) *
Cf.‘u _.1.?2(7'.-‘&’) .
Cone (M) .
Cm M2 (Wn ) .
Coime (M72) .
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