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The Brout—-Englert—-Higgs mechanism

@ Consider a scalar SU(2)—doublet field ¢, Y4 = 1, in a ¢* potential:
Ls = Dol = V(6), V(9) = —n¢* + A", Dy = 8, — 18T WS — 18 1B,

T, as SU(2) generators & WZ SU(2) gauge bosons
Y hypercharge & B, U(l) gauge boson

W), F W}

V2

gW,—8Bu , _ gWu+gBu

/g2 +g/2 /g2+g/2

OUsveE VS

SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio Higgs Theory at the LHC



The Brout—Englert—-Higgs mechanism

@ Consider a scalar SU(2)—doublet field ¢, Y4 = 1, in a ¢* potential:
Ls = Dug* = V(9), V(¢) = —m*¢® + A$*, Dy = 0 — 18T Wi — 18 3By,

T, as SU(2) generators & WZ SU(2) gauge bosons
Y hypercharge & B, U(l) gauge boson

@ Use Wf =

0
VEV (0[¢|0) = (g) and ¢ = <V+H(x)>5
V2 V2

mass terms for weak bosons through v
one Higgs boson in the spectrum

)}
[Higgs (1964); Brout, Englert (1964); Hagen,Kibble,Guralnik (1964) ] ({mpeziali€ollessiGhSGroun)
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Higgs boson couplings

After EWSB: Higgs boson couples to fermions and gauge bosons:

Hff oc my: Higgs couples mostly to top and bottom quarks in fermion loops
ggH and yyH couplings occur at one-loop level

T

- Institut far Technologie.
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Theory bounds and precision measurements

Higgs boson mass not predicted by the SM but constrained:

[Etlis, Espinosa (2009) |
@ Triviality and unitarity = upper bound on My § RN T T E
S r — Perturbativity bound ]
[Marciano er al (1989)....; Cabibbo et al (1979); Dashen,Neuberger (1983)....] F ol . 5 e merastabiity bound ]
[ a2, 3
Stability of the vacuum = lower bound on My =r E
[I‘indncr, Sher (1989); Casas, Espinosa, Quiros (1995); Hambye, Riesselmann ol B

(1996),...]
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Direct searches at LEP and Tevatron

@ Direct LEP2 searches (/s =209 GeV):
ete™ = Z(H — bb,7t77) g

[LEPHWG (2003)]

My > 114.4 GeV @ 95% CL J

—— Observed

- Expected for

@ Latest Tevatron run II result: w0’k 3
0L 153 o
147 GeV < My < 179 GeV o3
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Current status at the LHC

Combined channels:
[ CMS-HIG-12-008, ATLAS-CONF-2012-019 (03/2012) ]
10— 7

\03 E" 'ATLAS Preliminary 2011 Data’ | B 10 OIS Preiminary \5 = 7 1oV T Gvoerven

© r — Obs. : b B [ L=46-481b" 9 Expected (68%)

s L ---- Exp. f'—dt =4.6-4.9 b il S - |BE= Expected (95%)
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129 GeV < My < 539 GeV excluded @ 95% CL (CMS)

excluded @ 95% CL (ATLAS)
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Current status at the LHC

H— vy,H—ZZ — 4¢:
[CMS-HIG-12-008, ATLAS-CONF-2012-019 (03/2012)]

& [ ATLASPreliminary | 2011 Data B 10} CNS Preliminany 5=7TeV [~ Gosered =
) | . —— Obs. B % F H=ZZ+yy, L=481" [ Expected (68%) |
S 10 = det =4.6-4.9 fb -E:(g E S N Expected (95%) |
E F - J+2 ] = [ ]
§ | fe=7TeV —0Obs. Whv+resbb 4 E T ]
1 [ - Exp. Wiv+tt+bb 7 =2
o Fooga —Obs yy+41 B &)
N - Exp.yy+4l °
i) 2
S 1= — n 1
j | (=]
1 \CLSL"m’ts | | . . . Lo b b e e
107595915 120 125 130 135 140 145 150 10 15 120 125 130 135 140 145
m, [GeV] Higgs boson mass (GeV)
local 2.50 excess @ My ~ 126 GeV local 2.80 excess @ My ~ 125 GeV
local 2.80 in H — 77, local 3.1 in H — vy @ My = 124 GeV

local 2.1c in H — ZZ — 44
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SM Higgs boson decays|
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Higgs decay channels
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Higgs decay channels

LHC Higgs Cross Section Working Group (LHC Higgs XS WG) calculation based on
* HDECAY [Djouadi, Kalinowski, Miihlleitner, Spira (1996,2006)

x PROPHECYAF |[Bredenstein, Denner, Dittmaier, Miick, Weber (2010)

HDECAY HDECAY HDECAY PROPHECY4F
Mot = rtot - I_WW - rZZ + r4f

@ HDECAY

all relevant higher-order corrections, in particular with NNLO running of o, and 4-loop
QCD corrections to H — gg |Baikov.Chetyrkin (2012)]

@ PROPHECY4F

ET =H
2 L Iivy, l=e,ux, v=any ;g
+ C 1
E102 E =
H — WW,ZZ — 4f including & .

9 T a3l —
complete NLO QCD+EW correction 10°
and interference effects 104 ]

10560 200 300 400 500 u;oo
M, [GeV]

[LHC Higgs XS WG (2012)] \“(IT
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Parameters and uncertainties
Higgs decay branching ratios affected by uncertainties:
* parametric: () = (4.16 £ 0.06) GeV, im.(m.) = (1.27 £ 0.03) GeV,
as(Mﬁ) =0.1171 £ 0.0014 [nnLO MsTW] or a_;(M%) = 0.118 &£ 0.002 [LHC Higgs XS WG]
* theory: missing higher-order contributions estimated by scale variation

1

LHC HIGGS XS WG 2011

Higgs BR + Total Uncert
<,

‘ ‘ ‘ ‘ " ‘
100 120 140 160 180 200 10 100 200 300 400 500 1000
My [GeV] My [GeV]

[.l. B., Djouadi (201 l)] lLH(‘, Higgs XS WG (2012); Denner et al (201 I)J

In most relevant channels at My = 120 GeV:
Apr(H — fy:y) = +5.5%, Apr(H — WW,ZZ) = +4.8%
ABR(H = bb) =+2.8%
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SM Higgs production at the LHC |
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The four main production channels

e gluon fusion e vector boson fusion e Higgsstrahlung e associated production
g a g t
TOOO00N, ¢ DOO00——
--- H H Ll - --_- H
& 000" Q & RO ——
. . . [ T, 100 ; - ; i ;
= \s=7TeV BH o(pp — H + X) [pb]
Z49 2 . /s =8 TeV
3 EH] MSTW2008
I EH 10 £
7 ]
g1 E qa—rqqH
° B 1lppWH
T pp—ZH
107 3 ~
= = pp— ttH
c ] 0.1F
102
£ . f . P 0.01
100 200 300 400 500 1000 115 140 160 180 200 300 400 500
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[LHC Higgs XS WG (2011)] [update of I. B., Djouadi (2011)]
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Gluon fusion production: the largest cross section
pp — gg — H: the largest production channel at hadron colliders
& T00000) 0

--- H [Geox‘giﬁ Glashow, Machacek, Nanopoulos (1978)]

& 00
Main production channel for many Higgs searches:

» H — 77y, H — ZZ — 4¢: main detection channels for My < 140 GeV (the latter also for
MH 2 180 GCV) lGuninn et al (1986); Gunion, Kane, Wudka (l‘)SS)J

» H — WW — {vlv: main channel for MH ~ 160 GeV lDinmur. Drcincr(l‘)‘ﬂ)]

» Also useful in H — 77 [J. B Djouadi (2011)]

g [ T T T T 7§
= \s=7Tev %
T 5
1 10 ,:g
g t 13
v [ ]

‘Hh\ de Florian and Grazzini

%Z Anastasiou, Boughezal, Petriello and Stoeckli

NNLO at g = pir = Mg
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[LHC Higgs XS WG (2011)] [update of 7. B., Djouadi (2011)]
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Gluon fusion production: the largest cross section

Higher order corrections to inclusive rate:

@ NLO QCD corrections: exact for top and bottom loops, ~ +100% correction, large scale
dependence [DjouudL Spira, Zerwas; Dawson (1991); Djouadi, Graudenz, Spira, Zerwas (l‘)‘)S)]

@ NNLO QCD corrections: only for the top loop where
> ~ +25% in the limit My < m,
lHurlandcr. Kilgore; Anastasiou, Melnikov (2002); Ravindran, Smith, Neerven (Z[J()B)J
> tOp mass effects negllglble fOI' MH 5 300 GeV [Hm‘]amicr,()zersn (2009); Pak,Rogal,Steinhauser;
Marzani et al. (2010)]
@ other QCD corrections:
» N3LO estimated in the limit My < my [Moch.Vost (2005): Ravindran (2006)]

» NNLL resummation = +10% [Catani.de Florian Grazzini Nason (2003)]; accounted for
at NNLO with central scale Mo = MH/2 [ Anastasiou, Boughezal, Petriello (2009) ]

> soft glllOIl at N3LL and ﬂz—enhanced terms [ Ahrens,Neubert,Becher, Yang (2009) ]
@ NLO EW corrections: ~ 34% [Aglietti er al; Degrassi, Maltoni (2004); Actis et al (2008)]
@ NNLO mixed QCD+EW corrections: in the limit MH < MW lAnustusiou.Boughczul.Pctric]]0 (2()(]9)]
(some) LHC 7 TeV predictions: [LHC Higgs XS WG (2011)]
(some) LHC 8 TeV predictions: [J. B.. Djouadi (2011): Anastasiou er al (2012) ]
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Gluon fusion production: the largest cross section
gg — H affected by sizeable uncertainties:
@ Scale uncertainty: calculated at NNLO with % po < pr, r < 240, fo = %MH;
Agcale = 14 - 8% at /s = 7,8 TeV [LHC Higgs XS WG (2011)]
@ PDF uncertainty: gluon PDF at high—x less constrained, o, (M%) uncertainty
= large discrepancy between NNLO PDFs predictions [1. B.. Djouadi (2010.2011)]
PDF4LHC recommandation = Appr ~ £10% [LHC Higes XS WG 2011)]

@ EFT approximation: NNLO calculation without b—loop and with approximate mixed
QCD+EW corrections = a few % additional uncertainties [J. B.. Djouadi 2011)]

T T T 8 T T T T T
MSTW ——
o(gg — H) [pb] T Ao (gg — H) [%]
V5= 8 TeV JRO9 fr Vs =17 TeV

0 0N = NNPDF - | 6

,,,,,,,,,, 5

nt
1 . 3t
115 300 500
150 200 300 400 500 150 200 250 300 350 400 450 500
My [GeV] My [GeV]

[1. B.. Djouadi (2011)] [update of J. B., Djouadi (2011)] ﬂ T
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Gluon fusion production: the largest cross section
Exclusive studies and differential distributions:
here some highlights, for more see e.g. [LHC Higes Xs WG 2012)] and references therein
@ NLO QCD corrections: implemented in HIGLU [Djouadi. Graudenz, Spira, Zerwas (1995)] and Monte
Carlo event generators in particular with the subtraction formalism [Catani, Seymour (1996) ]
@ Fully exclusive NNLO QCD corrections: reduce the scale dependance to ~ +20%
lAnaslusiuu, Melnikov, Petriello (2004, 2005); Catani, Grazzini (2007); Grazzini (2()(]8)]
@ NNLL resummation in Higgs pr spectrum: ~ +10% enhancement in the distributions
[Bozzi, Catani, de Florian, Grazzini (2006); Cao, Chen, Schmidt, Yuan (2009); de Florian, Gerrera, Grazzini, Tommasini (2011); |
@ Finite top mass and bottom effects at NNLO: not correctly modeled with effective

theory, studies show that at least O(10%) distortion of py(H) distribution [Bagnaschi. Degrassi,

Slavich, Vicini (2011)]
pp-H+X
T T a4 T T
| MRST2004

Vs = 14 TeV. 26 Mp=125 GeV —
m, = 120 GeV
MRST2001 pats
m,/2 £ p s 2m,

o [pp]
o (pb)

[/\l1alslzlsioll. Melnikov, Petriello (2()04)] [Cd“m‘ Crazzid (““07)] KA“(IT
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Gluon fusion production: the largest cross section

Exclusive studies and differential distributions, some issues:

@ Scale uncertainties: gg — H — WW divided into jet bins to improve background
reduction = what is the scale uncertainty in 0, 1, 2 jet bins, what about correlations?
lAnzmagimL Dissertori, Stockli, Webber (2007); Grazzini (2008); Stewart, Tackmann (2011); Gerwick, Plehn, Schumann (2012 )J

@ Jet veto efficiency: ambiguities in the definition of jet-veto efficiency [Berger et ar 2011)]:
(0) cut (1) cut (2) cut

0 et (PT ) F0 % ot (PFH0 )+ 0 (PFY)

a) fo e » at(lz(lt\INLO) et

b) fo=1— #f;’go) (using fo(LO) = 1)
NLO

_ " (p5) G0t (NLO)
©) fo=1- X557 + Giitoy
O(a?) of method a)

Poor convergence of total rate = large discrepency between the 3 schemes

or Jet (p$™*) (fixed order expansion to order

@ Shape of pr(H) spectrum and PDF uncertainties [1HC Higes XS WG (2012) ]

XIT
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Gluon fusion production: the largest cross section
Exclusive studies and differential distributions, some issues:
@ Scale uncertainties:

10 E 10 ] i i i i ! ! i i E
E direct excl. scale variation H combined incl. scale variation H
SE é 8 g
i Ry § é 6 $
£ & V/3=T7TeV
S af My =165 GeV S My =165 GeV
S [Pt <3.0 = [Pt <3.0
2F B NNLO 2 B NNLO
E=:NLO E=ENLO
00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100
P [GeV] P (GeV)
[ Stewart, Tackmann (2011); LHC Higgs XS WG (2012) ] [ Stewart, Tackmann (2011); LHC Higgs XS WG (2012) ]
@ Jet veto efficiency:
1 A \ 2
‘ Ve
28 \ N\ oS
\ Y LHC, 7 TeV
\ 7 HNNLO + MCFM
= 06 \ Y M4 < ug, up < My
tg ) \ 12 =g/ pp <2
L AN [LHC Higgs XS WG (2012)]
02
/ scheme (a) 2222
0 scheme (b) BZZZ
scheme (c)

-0.2
L Sar
o3 M
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Gluon fusion production: the largest cross section

Exclusive studies and differential distributions, some issues:

@ Shape of pr(H) spectrum and PDF uncertainties

0.15 -
F. MSTW2008 NNLO s T T T ‘ T T T
£ NNEDF2.1 NNLO )
F JRO9VF NNLO - = NNLO
0.10 o [ s T NLO
3 _ 10
s s i NNLL+NNLO |
0.05 = > NLL+NLO
s
&
0.00 N
9 PP HAX-WWAX-1lv+X
Vs=8 TeV, MSTI2008 =
~0.05[% 0.02 1= ) —1=2Q=my=140 GeV ==
ooty L L PP AR
—0.10—pp-H+X My=165 GeV 145 (s oy dnto I I
[ Vs=7 Tev 1.2 f— (NLL+NLO)/NLO
[ 68% {iL PDF errpr band PR = e e B ==
-0.156— fffn - an | | | |
5 10 20 50 100 200 ) 20 10 60 80 B0
pr (GeV) pry (CeV)
[LHC Higgs XS WG (2012)] [ Grazzini et al (2012)]
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Gluon fusion production: the largest cross section

Tools:

e Inclusive cross section:

*

*

HIGLU: version 3.01 including NNLO QCD and mixed EW+QCD corrections,
NNLO evolution of oy [spira. 2011)]

iHixs: gluon fusion and bottom quarks fusion with NNLO QCD and mixed
QCD+EW COI‘I‘eCtions, finite rH effects [An:nlzm()u. Biihler, Herzog, Lazopoulos (2011 )]

o Differential distributions and cuts:

*

*
*

*

POWHEG: interface NLO Monte Carlo generator with parton shower tools,

g8 — H implemented [Bugnu.\chi. Degrassi, Slavich, Vicini (201 I)J

MC@NLO: NLO Monte Carlo event generator |rriione, Webber (2002) ]

FEHIP: full NNLO QCD gg — H — 7y [Anastasiou, Melnikov, Petricllo (2004, 2005) ]

HNNLO: full NNLO QCD gg — H — v, H — WW — {vlv and

g8 — H — ZZ — 4L [Grazzini 2008) |

HqT NLO+NNLL pT(H) distribution in the large pPr region [dc Florian, Ferrera, Grazzini,
Tommasini (201 I)]

HRes: NNLO+NNLL accuracy in several decay channels [updac of Hgt 2012)]

SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio Higgs Theory at the LHC



Vector boson fusion: the clean production channel

pp — qq — qq WW/ZZ — qqH: clean production channel and second to largest at the LHC

q

H [Cuhn. Dawson (1984); Hikasa (1985);
Altarelli, Mele, Pitolli (I‘)87)]

q

Very useful for light Higgs searches in H — 77, WW™, v channel due to small backgrounds
thanks to €.g. th veto leu'gcr. Phillips, Zeppenfeld (1995); Rainwater, Zeppenfeld (1997); Eboli et al (2000); Plehn, Rainwater,
Zeppenfeld (2000); Kauer et (2001)]

@ NLO QCD corrections: =~ +10% on total rate, =5 - 10% scale dependence [ran, valencia,
Willenbrock (1992) ]
@ NNLO QCD corrections: we have
> O(a3a§) gluon induced VBF, neghglble [Hurlzmdcr. Vollinga, Weber (ZOlJR)]

> QCD corrections in the structure function approach which barely affect total rate
but scale dependence reduced down to =~ +2% [Bolzoni, Malioni, Moch, Zaro (2010) ]

@ NLO EW corrections: ~ +5% shift [Ciccolini, Denner, Dittmaier (2008); Figy, Palmer, Weiglein (2010)]

XIT
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Vector boson fusion: the clean production channel

Inclusive cross section: central scale chosen as g = ur = o = Q

(virtuality of the fusing bosons)

o (pb) at LHC
Vs=7TeV

LO
" NLO

1.25
o (pb) at LHC — MSTW08
12 1 Vs=7Tev — ABKM
Hp=u=Q — JRO9

10
scale choice:
Q/4 < g, = 4Q 100 200 300 400 500 600 700 800 900 1000
m,(GeV)
-2 1.25
10 S o (pb) at LHC — MSTWO08
12 Vs=7Tev — HERAPDF
— NNPDF2.1

Ha=up=Q

115 F o(ug, i) o 0(Q)

85 L L L L L L L L osf
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
m,(GeV)
my(GeV) o

[B(»lLoni. Maltoni, Moch, Zaro (2010)] [BolzunL Wikt Rifesl, Zaw @l )]

Total uncertainty dominated by PDF
(A*'0) /o ~ +6% T

Karlsruher Institut far Technologie
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Vector boson fusion: the clean production channel
Exclusive studies and differential distributions:

@ NLO QCD corrections: ~ 20% effect [Figy. Oleari, Zeppenfeld (2003); Campbell, Ellis, Berger (2004) |

@ dominant NLO H + 3j: reduce scale uncertainty < 5% [Figy, Hankele, Zeppenfeld (2008) ]

@ 1-loop inteference between gg fusion and WBF: very small effect [ Andersen, Binoth, Heinrich,
Smillie (2008); Bredenstein, Hagiwara, Jager (2()()8)]

o I—IOOP QCD+EW corrections: 5% effect ll—'ig). Palmer, Weiglein (2()1())]

a ,
22— 1% pp— Hjj+ X doro — 1% pp— Hj+X

0 . . . . 15 — T T T T T

—5 -

~10 e -

—15 = .

=
—20 -
a5k i
My = 120 GeV

a0k i

35 | BW+QCD ——

—a0 QCD

45 | | | | —15 1 1 1 1 1 1 1

0 100 200 300 400 500 === =2=10 1 2 § 4
P11 [GeV]

Yu
[(ficcolini. Denner, Dittmaier (2[)()8)]

Strong effect on the shapes by QCD corrections

EW corrections mostly affect the normalization of distributions
v
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Vector boson fusion: the clean production channel
Exclusive studies and differential distributions:
Major VBF cuts

pr(j) > 20GeV, |y;| < 4.5
it =yl > 4,901 -y2 <0
my; > 600 GeV

Jet veto very efficient to kill most of QCD background:

my=120 GeV, p;>R0 GeV

1/o do /dy.

[Del Duca, Frizzo, Maltoni (2004)

Higgs Theory at the LHC

J. Baglio
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Vector boson fusion: the clean production channel

Tools:

e Inclusive cross section:
* HAWK, VBFNLO: NLO QCD+EW Monte Carlo event generators (see below)
* VV2H: NLO QCD total cross section [spira 2000
* VBF@ONNLO: NNLO QCD total cross section online calculator

[Bnlmni. Maltoni, Moch and Zaro (201 1)]
o Differential distributions and cuts:

* HAWK: NLO Monte Carlo event generator, full 1-loop EW+QCD corrections and
interference effects [Dcnncr. Dittmaier, Kallweit, Miick (2010, 2011 b]

* POWHEG: interface NLO calculations with parton shower tools, VBF
implemented in the POWHEG BOX [ aiioli er al 2010) ]

* VBFNLO: Monte Carlo event generator, full 1-loop EW+QCD corrections,
interference effects, Higgs+2j with gg fusion [amolda erar 2008, 2011)]

SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio Higgs Theory at the LHC



Vector boson fusion: the clean production channel
Recent studies at the LHC with /s = 7 TeV:

S

o 13 S F =
= - —— HAWK W/ EW Corr 8 () = —— HAWK W EW Cor 8
P <o rowHE H g I <o+ Ponres H
k) @ =] r o
‘8 80— == HAWK wio EW Corr : = = =« HAWK wio EW Corr x
r - - vermoweEwcor | § o 1 - wrowewcer |8
r H o F H
60{— ] s r H
40— 10—
20— r
C | 102
3 E) g 0 1 2 3 50 700 150 200 250 300 ®
yH pTlI [ © ]
s E —wenon | § 3 1°E — wawcweweor | §
& F oo rownea ¢ é B
s L H g oo rowea
= L - vwkwoEwcor | R = o cwowoor | R
£ EE—— = g
£ weveer | § o - -enowencer | §
3E g 3
E 3 ] H
102 — E-
E 10t
1 1 L E L | | |
1000 1500 2000 2500 3 20 40 60 80 100 120 14(
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[LHC Higgs XS WG (2012)]
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Associated W/Z + Higgs production
pp — Z*/W* — Z/W + H: LHC detection channel
- in HW — gl/")/")/ with hlgh luminosity (100 fb_l) [Kieiss, Kunszt, Stirling (1991)]

- with H — bb decay in boosted jets regime (pr(H) > 200 GeV) [Butterworth er al 2008)]
W.Z

[Glushow. Nanopoulos, Yildiz (1978)]

@ NLO QCD corrections: Drell-Yan o(pp — V*) corrections ~ +20% [Han. Willenbrock (1991)]
@ NNLO QCD corrections: Drell-Yan ~ +10% [Hamberg er al (1991); Harlander, Kilgore (2002)];

88 — ZH =2~ +5% [Brein, Djouadi, Harlander (2004)]; non Drell-Yan < 3% [Brein erar 2011)]
@ Full NLO EW corrections: owy = oy > O (1 + 65W)

with
5%“] ~ —8% [Ciccolini, Dittmaier, Krimer (2003) |

g g
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Associated W/Z + Higgs production
pp — Z*/W* — Z/W + H: LHC detection channel
- in HW — fv~yy with high luminosity (100 fb™") [Kieiss, Kunsze Serling (1991)]

- with H — bb decay in boosted jets regime (pr(H) > 200 GeV) [Butterworth er al (2008)]
W,z

l(]]aslmw. Nanopoulos, Yildiz (]978)]

@ NLO QCD corrections: Drell-Yan o(pp — V*) corrections ~ +20% [Han, Willenbrock (1991)]
@ NNLO QCD corrections: Drell-Yan ~ +10% [Hamberg ef al (1991); Harlander, Kilgore (2002)];

g8 — ZH =~ +5% [ Brein, Djouadi, Harlander (2004)]; non Drell-Yan < 3% [Brein er al 2011)]
@ Full NLO EW corrections: ozz = oo > “NEO(1 4+ 65W) +0(gg — ZH) with

5§W ~ —5% lCiccolini. Dittmaier, Kramer (2()[J3)J

g g
; NNLO QCD + NLO EW ; NNLO QCD + NLO EW
2 —\5=14TeV ’jf‘ 1 —\s=14Tev 3
é 1 BE\s=7TeV g B \s=7TeV Centl'al Scale MO = MHV
= =]
h th
ol ] (A%0) /o ~ +5%
107 E
[LHC Higgs XS WG (2011)]
| | | | | 10%E. | | | I
100 150 200 250 300 100 150 200 250 300
M, [GeV] M, [GeV]
ke i fr Techologe
SM@LHC 2 hagen, 12/04/2012

J. Baglio Higgs Theory at the LHC



Associated W/Z + Higgs production
Fully exclusive calculation of pp — HV with pijo = My + My as central scale

@ NLO QCD corrections: ~ —40%, scale dependence ~ +13% [Ciccolini, Denner, Dittmaier (2007)]

@ NNLO QCD corrections: pp — HW exclusive calculation fully at NNLO based on the
subtraction formalism, including

- finite-width effects

- W — lv decay with full spin correlations
- H — bb decay

—15% effect; scale dependence reduced to ~ 42 - 6% [Ferrera, Grazzini, Tramontano (2011)]

@ Full NLO EW corrections: large effect (e.g. —14% at My = 120 GeV) [Denner er al 2011)]

% Great effort with a fully exclusive NNLO HW production: (A*'c)/o ~ £7 - 11%
striking different behaviour compared to Tevatron (+20% NLO, +1% NNLO)

* Perturbative stability worse compared to inclusive production
= ongoing studies to understand why

SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio Higgs Theory at the LHC



Associated W/Z + Higgs production
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[LHC Higgs XS WG (2012)]

@ 7 TeV cuts: pr(H) > 200 GeV, pr(V) > 190 GeV, pr(¢) > 20 GeV, |ne| < 2.5,
B, > 25 GeV

@ 14 TeV cuts: pr(H) > 200 GeV, pr(W) > 200 GeV, pr(£) > 30 GeV, |n¢| < 2.5,
B, > 30 GeV

@ Tools: V2VH [spira, NLO; public|; MCFM [Campbell, Ellis, Williams, NLO; public |; VH@NNLO [Brein, Djouadi,
Harlander, NNLO; public]; HAWK [Dennel‘, Dittmaier, Miick, NLO; public]
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Associated production with a ff pair
ppP — q + gg — ttH: smallest of the four main production channels

& RO —— ¢
a t
l ____-H o .
: -
& RO —— i
a t

(dominant)
Useful for My < 150 GeV: e.g. top Yukawa coupling in pp — ff(H — bb) [Droliinger eral 2001)]
@ LO calculation: central scale 119 = m; + 1My, O(50%) scale dependence
[RuilQ Wada (1979); Ng, Zakarauskas; Kunszt (1984); Gunion; Marciano, Paige (I‘)‘)l)]

@ NLO corrections: reduce scale dependence to O(10%) with 3 pu0 < pir, pir < 2pt0
ll{cinu. Dawson (2001); Beenakker et al; Dawson et al (20()3)J

@ PDF+as uncertainty: ~ +4 - 6% depending on the PDF set chosen
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Associated production with a ff pair

@ Exclusive studies at NLO: + ~ 20 - 50% total uncertainty [LHC Higes XS WG (2012) |
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@ Main background: pp — 17bb known at NLO; central scale choice ;> = my, /DT bDT b
improves the scale uncertainty to < 30% [Bredenstein er al (2008,2009); Bevilacqua et al (2009)]
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@ Tools: HQQ [spira. LO]; aMC@ONLO [Frederix er a2, NLO |; POWHEL [ Garzelli er al. NLO |

Karlsruher Institut far Technologie
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Beyond the SM Higgs?

WANTED

Higgs Boson

(or something like it)

[l’, lanedo, Quantum Diaries IW]Ug]

But which Higgs boson may we have? J

AT
SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio



Summary

Higgs physics in the realm of the LHC:

@ Higgs discovery: major LHC goal to
unravel the electroweak symmetry breaking mechanism

@ A SM Higgs boson discovery may await us:

» ATLAS/CMS hints of 30 excess @ My ~ 125 GeV
» LHC run at 8 TeV for a final answer before end 2012

@ Theory meets high precision accuracy: up to NNLO in the three main inclusive
production channels, huge efforts in exclusive production predictions =

uncertainties from ~ 100% reduced below < 15 — 20%

@ LHC Higgs Cross Section Working Group: a collective effort from theorists and
experimentalists to give the most up-to-date predictions and assessments on uncertainties

@ Standard Model is not the end of the story! If Higgs boson discovered, what is its
nature? See M. Miihlleitner’s talk for SUSY and compositeness examples

SM@LHC 2012, Copenhagen, 12/04/2012 J. Baglio Higgs Theory at the LHC
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Unitarity bound on the Higgs boson mass

Unitarity: a severe upper constraint on the Higgs boson mass

unitarity = quantum probability P < 1

Consider scattering of longitudinal Z bosons Z;Z; — Z;Z;:

SMi(MEN 1 (M
V2 v ) s—M} v ) t—M}

with s > M2 (direct Goldstone scattering), s, f the usual Mandelstam variables

0
perturbativity unitarity of J = 0 partial wave = ‘ / dtA(t)dr| < 8ms
—s

8m’
Mj <

= My <710 GeV
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