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Brief review of experiment, theory for SM Higgs
The very eftective Lagrangian for the Higgs
Mixed 3-loop QCD-EW corrections to gg—h and Tevatron

numerics (Anastasiou, Boughezal, FP JHEP 0904:003 (2009))

Excluding new physics with the Higgs limit: color-octets at the
Tevatron thr ough NNLO (Boughezal, FP arXiv:1003.2046)



Why we expect a 'leV scale Higgs

¢ Last undiscovered particle of the SM
¢ Many reasons to expect it (or something else) to be
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Higgs in SM extensions

¢ The uncertainty in EWSB mechanism makes

Higgs a portal into new physics at the TEV scale
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SM Higgs circa 2010

¢ Precision EW upper bound and

direct search lower bound at 95%

CL: 114 GeV < My < 190 GeV

¢ News from the Tevatron: First
exclusion in 2008; new combined
results exclude 162-166 GeV SM
Higgs at 95% CL
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Fraction of Experiments

Higgs 1n the future
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SM Higgs production
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T'he Higgs Lagrangian

Summarized in an “effective Lagrangian” for
Higgs-gluon interactions
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Unreasonably ettective EF 1

analytic continuation to

N LO 1n the EFT/ time-like form factor z=Mi12/(x;x,5)

— 122(—2z 4+ 2° + 2)In(1 — 2)

In(z) — (1 - z)° \ eikonal emission of soft gluons

Identical factors in full theory with 0, = 010, full theory
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NNLO 1n the EFT

¢ Motlvates Calculatlon to N N LO in the EFT
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LO

--- NLO —
— NNLO

n

(Y] —
n = Wn
|
|
|
|
|
|
1

2

n W
|
|

|

—_
N 9

T
|

O

N —
m

1

| IR BT | | IR BT AT SRR |

OO 1"0 140 160 180 "OO 220 "—10 "60 ”80 300
My [GeV]
Harlander, Kilgore; Anastasiou, Melnikov;
Ravindran, Smith, van Neerven 2002-2003

o [pb]/Br

pp->y7+X
: | T | T T T T | | T T | T T T T :
50 — _ =
S NLO Vs = 14 TeV g
B my; = 120 GeV 5
- MRST2001 pdfs =
40 — ptl > 40 GeV —
- pt2 > 25 GeV i
- R = 0.4, Et < 15 GeV .
30 — In| < 2.5 =
20 — —
10 — =
O i | | | | | (| | | | | | | | (Ll | ]
10 20 50 100 200 500 1000
i Anastasiou,
Melnikov, FP 2004

K-tactor: 2 at LHC, 3.5 at Tevatron



Electroweak corrections

N/

¥ Residual QCD uncertainty -10% => EW corrections potentially
important to match QCD and experimental precision

-

¥ NF-enhanced sourced of 2-loop light-quark corrections

. _ Aglietti, Bonciani, Degrassi, Vicini 2004
; W,z |:'I> Up to "'6 7% at Actis, Passarino, Sturm, Uccirati 2008
[ { ~ - threshold relative to
O— LO QCD

N/

¥ K-factor? Values between 1-3.5 assumed in literature; do these
get same K-factor of top-quark piece? (Initial Tevatron exclusion
limit assumed K=3.5)

N/

¥ First goal: check with 3-loop calculation in EFT



EF1 formulation
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¢ Radius of convergence: My < Mw...

¢ However;, dominant corrections from threshold logs
and analytic continuation identical in full and EFT

¢ Calculate K-factor in EFT, normalize to exact 2-loop

EW result



Factorization in the EF1

N/

¥ If the K-factor for light-quark pieces is the same as the top quark,
then the Wilson coefhicient in the EFT “factorizes”

Cp = —— {1+ Xpw [1 4+ asChyp + az( Sw| + asCiq + (’If(.'izq}
J /|
ac 1 ‘
Cif = —E (1 + Agw) {1 + ('1,801(] + (1/§02(]}

N/

¥ Factorization holds if Ciw = C,q; Ciq = 11/4

N/

¥ Calculate C,y from 3-loop diagrams, check deviation from C,q,
study numerical effect



Deriving the Higgs EF T

¢ Matching at O(aas):

1 oy
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[A Equate to get Agw




Deriving the Higgs EF1 11

¢ Matching at O(a.a2):

[A Equate to get Ciy

(Other EFT graphs scaleless after expansion)
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Factorization violation

¢ Analytical result: Cyw =7/6, compared to Cyq=11/4

Towron Diftference between
factorization hypothesis and
actual result irrelevantly small
(weak violation = same sign,
order of magnitude)
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levatron numerics summary

Anastasiou, Boughezal, FP 2009

mpy [GeV] obest[pb] my[GeV] abest[pb]

110 1417 (£7% pdf) 160 0.4344 (£9% pdf)
115 1.243 (£7% pdf) 165 0.3854 (£9% pdf)
120 1.094 (£7% pdf) 170 0.3444 (£10% pdf)
125 | 0.0669 (£7% pdf) 175 | 0.3097 (£10% pdf)
130 | 0.8570 (£8% pdf) 180 | 0.2788 (£10% pdf)
135 | 0.7620 (£8% pdf) 185 | 0.2510 (£10% pdf)
140 | 0.6794 (£8% pdf) 190 | 0.2266 (£11% pdf)
145 0.6073 (+8% pdf) 195 0.2057 (£11% pdf)
150 | 0.5439 (£0% pdf) 200 | 0.1874 (£11% pdf)
155 | 0.4876 (£0% pdf) _ _

+8%, -11% scale uncertainty

€

€

€

Correct K-factors for top,

EW contributions (normalize
EW to exact 2-loop of Actis et al.)

Reduced K-factor for top-
bottom interference

Kp-1.5, Kt-3.5

Update to MSTW 2008 PDFs

significant changes in heavy-quark
threshold treatment

Missing: New MSTW 2009 allows for as uncertainty study
iQ% (p df) > 4 3% ( p d O(S) Should be updated in

Tevatron analysis!
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Color-octet scalars and gg—h

Tevatron limit already imposing strong constraints
on SM extensions
Example: (8,1), scalars

£ = Loy + Tr [DSD*S] — m& Tr [S2] — g2 Gas Tr [S?]° — M HTH Tr [57]
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Arise in technicolor, universal extra
dimension theories

Pair-produced: difficult 4 b-jet final state
Estimated Tevatron direct search reach:

ms > 280 GeV
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Color-octet ettective theory

¢ Can integrate out both top quark, color
octet to derive effective ggh operator
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(Quartic-scalar potential at NNLO

¢ New feature at NNLO: must introduce quartic-
scalar potential due to divergent subdiagrams

---------------------------
* .‘

¢ Single extra Lagrangian term needed here;
complication in models with more intricate potentials



Analytic result

Cy=Cprrg + Cssg + Crs
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Tevatron: NLO
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lTevatron: NNLO
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¢ Only at NNLO is a precise prediction suitable for
use in indirect searches obtained



mgy/VA; (GeV)

Excluded region

B | | | | I | | | | | | | | | | I I | | |
600 — Tevatron |
- gg->h->WW bound -
[ ALLOWED ]
! Competetive i
with direct
400 — —
searches!
L N\
‘ [ ]
] Ko
[ ol
200 — m
120 140 160 180 200

m, (GeV)

Boughezal, FP 2010



€

€

€«

€

Conclusions

Mixed QCD-EW corrections justify complete factorization
approach to inclusion of EW corrections

Theory under control, with +10% scale errors and PDF+ass
errors ( +13% Tevatron, +4% LHC)

Limit already imposing strong constraints on SM extensions

Example: color-octet scalar effects on gg—h through NNLO



