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Current Limits on the 5M Higgs Mass

Combined efforts from direct searches and theoretical predictions were needed to set tighter limits on MH

6 mm{a L, = 163 GeV
« Current fit of electroweak parameters i =o€/
bY LEP E\N"Working group Predic“'s: ) 4* '. incl. low Q° data ,
5 o i
— Q+35 Al i
5 | Excluded "\ 1ﬂ.::‘-" Preliminary |
« Upper bound (from precision EW measurements ) 30 100 300

and lower bound (direct searches at LEP) at 95% CL (SM Higgs):

LEP €W workina aroup Auaust 2009

MH <157GeV Tevatron Run Il Preliminary, L=2.0-5.4 fb”
M ,>114GeV 2 | LEPExclusion | Tevatron
E10 = o
e Combined results from CDF and Do g ==
excluded MH in the range 1b2-16b GeV at 95% CL 7
arXiv:1001. 4162 ' P

W PP P B B | MNovember,2009 ]
100 110 120 130 140 150 160 170 180 190 200
m, (GeV/c?)

* Tevatron exclusion is based mostly on the gluon fusion
process gg — H — WW




Tevatron Run Il Preliminary, L=2.0-5.4 o™
—

T T i i I T T T T
LEP Exclusion Tevatron

e Exclusion

=== Expected
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served

HHO
B
aagp:

Gireat results from CDF and Do in both low and
high mass sectors

95% CL Limit/SM
—
=)

i 06 L [ ) i i ' November6, 2009
100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

- OM nggﬁ exclusion in the ranga 162-160 GeV @ 95% CL 2xCDF Preliminary Projection, m,,=160 GeV

—— Summer 2004
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Summer 2007
January 2008
December 2008
March 2009

August 2009

With Impirovements

- Tevatron now exploring remaining parameter space:
expected exclusion range 159-169 GeV

Expected Limit/SM

- further improvements: more data, increased acceptances,

Control over systematics

4 6 .8 10 1 A
Integrated Luminosity/Experiment {fb™)

- On the theory side: theory errors have become small enough not to wash out BSM effects

Can we use these results to understand or indirectly exclude new physics?




Rigge Beyond the SM

MOSM Low, Shalgar 2009
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The Higgs can be very different in models beyond the SM




Example Studies:

Color Octet scalars and 4" aeneration effects on the cross section
in the gg. —~ K process

Details can be found in  arXiv:1003.2040b & arXiv:1003.40T1




Color Octet scalar effects in gg — H

« Transforms as (8,1), under Sy (3)xSU(2)xU (1)

Efuii _ ﬁSf‘vf + Ty [DPLSD”S] — 'TT?_.FS? Tr [52] — gg 6;45 Tr [SQ] 2 — ALHTHTI- [52]

e Arise in theories with universal extra dimensions and in technicolor models

104 T T R
e Primary decays expected to be into tt or bb depending on mS My = Mgl < 0.2 25
103 M; > 10 GeV 3
o Can be searched for at Tevatron by looking for four b-jet final state, w2 | T o ]
Inl <25 ]
BUT direct search is difficult due to large QCD background g
o100 b
o Can indirectly search for it using the influence of the scalar .
Ra B L -
g .
on Higgs production xsection o2 | b i
Figure 3: Tevatron cross sections for pair produc- sl Ts - _
tion of spin-1 (G’Lj and spin-0 (Gg) octets and for Ve > VS=1.96 Tev - R
backgrounds, as a function of octet mass. Four-jet 0 o Tmo 200 20 800 30 400
final states with 0, 2 and 4 b-tags are shown (for M; (GeV)

both signal and background) as solid, dashed, and

Dobrescu, Kong, Mahbubani (2007)

dot-dashed lines respectively, for given cuts. Dot-

ted lines represent signal cross sections without cuts.

with uncertainties indicated by shaded bands. 6




Color Octet scalar effects in g9 — |

Need to calculate

e Search reach at Tevatron estimated to be 230 GeV Dobrescu, Kong, Mahbubani (2007)
» LEP and Tevatron indicate that Higgs, if it exists, is light
e This allows for an effective theory approach, without the top and the scalar:

g
; H 2M > M

heavy Higgs

. Cla,,M,) X i},”
g —




AILo\or Octet scalar effects in gg — H: the Wilson coefficient

The NNLO Wilson coefficient for the adjoint scalar  |('y = Cppg + Cogy + Crg

+...

C @I L ot 684 Lp) + — (674 64 L1)
TP = —— — a — (= AT+ . 4 L)
TTH 3 12 864 T 288 T) 1 I

) ! 335G, 101 7L

2 48 3 s .
— ' e 3.22
{ +a [ + ]Jra [m<288 + 24> (

16 8
—35 9Lg(—43+8a22)  3(76 — 389522 + 2572%)
3 5L _
+ s ( T 5)+ o4 10242
—705 575Ls  5ln(x)\ 3 (764 372? + 862" 4 22529)
TR TR YR 2048 2

(Lig (x) — Li3(—.zr)) )
5 298 +412% — 19224 + 67525 3 (76 + 3722 + 8624 + 22546)
+ In“(x) ¢ — - + X
2048 (=1 + )22 (1 + ) 4096 23

(111(1 )~ In(l - )) }

76 —1112% +1592% 76+ 3722 + 862* + 22525
Jn(x — - Lig(x) — Lis(—2x
N n(‘r){ 102447 2048 27 ( ip(e) = Liaf l})}
oo ] 9ks 2 2052 + 107522 4+ 175524 493
s = s 0216 22 (3.23)
684 + 40022 + 14312 3 (76 + 3722 +862* 4+ 22529 ) )
+ In( '){ 30722 -3 2048 43 ) (ng(.z‘) - Lla(f.r))
+...

5 —298 4+ 41a? — 19221 + 67525 3 (T6+ 3722 + 864" + 22525)
+ ln*(x) 4§ — - . + X
2048 (=1 + )22 (1 + ) 4006 23
3 (76 + 3722 + 8621 + 22529
( ’ w4 22547) (Lig(:r) - Lig(f.z'))]

(ln(l o) —In(l - -1‘)) } + 2048 13




Tevatron: NLO

1.2 | —
Tevatron il
0 mh/4 S MUp=Mp = My ]
L m, = 165 GeV ]
SM+scalar Ay = 2.5 1
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Using Tevatron data

(&o"’-ll----'--.;--.
Q}\ 600 — Tevatron —
Q{ - gg~h-WW bound

ALLOWED

400 — ]

mg/VA; (GeV)




20-0 T T T T T T T T T T | T T T T
LHC .
17.5 —
SM+scalar Vs = 7 TeV .
i my/4 S pp=py S my 7
15.0 m, = 165 GeV —
fi i Ay =15 I
=~ - NNLO -
s} 125 —

10.0 — SM

.?.5 _I | | 1 | 1 | | | 1 1 | | | 1 | 1 ]

400 600 800 1000




Fourth generation effects in g9 — H

o An other experimental benchmark: fourth generation with masses larger
than the SM 3 generations

- a natural extension to the SM that can be tested with Higgs boson
searches at the Tevatron
- Precision measurements of Z boson decay width (LEP, SLD,...) excluded models with

neutrino mass eigenstate less than 45GeV. A heavier fourth generation is not yet excluded

o Consider QLD corrections to gg — H using a heavy doublet of quarks (T',8) in

addition to the usual QLD particles




Fourth generation effects in gg - 1 : NLO @ Tevatron
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NNLO @ Tevatron
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Fourth generation effects in g — "

Effect for mT =m®’
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Higge production cross section

10 [
: myp —mp = H0 GeV + 101log ( e ) GeV
— I "A115 GeV
2 10E
& 3
© i
1k Permitted by constraints from EW precision tests
107 =
: @, Plot for mB=400GeV
[ 1 I 1, 1 1
100 150 200 250 300

m,, (GeV)

 Enhancement over the SM production cross section varies between 7 and 9 depending on mt

e Our result is used by the Tevatron collaborations in their new constraints on mtt

1¢€



New Tevatron exclusion

arXiv:1005.3210: CDF & Do collaborations

4_'|"'|"'|"'|"'|"'|"'

LI 1 LI I I .| |.
{c_} CDF+D0 Run 1l ™" lE:-:I:n. 95% C.L. Lmut:
I W 1o48-54f) Ohs. 95% C.L. Limit_
3 L [ +Is.d. Exp. Limit -

[ 1 +2s.d. Exp. Limit
=< 4G (Low Mass)
4G (High Mass)

olgg—H)xBr(H=WW) (pb)

AN A T T T T T N T T N T T T N O N Y N Y
120 140 160 180 200 220 240 260

cl
280 300
m,, (GeV)

Assuming the existence of a 4" generation of fermions with large masses,
a SM-like Higgs boson in the mass range 131-204 eV is excluded

1)



Summary

& New physics that affects the observation of the Higgs boson is a priority to study

— Need BOM predictions with the a precision that matches the experimental accuracy

- provided NNLO predictions for two classes of extensions to the SM using g9 — H
colored adjoint scalars and a fourth generation of quarks

- deviations from SM cross section are large enough to allow their exclusion
within the Tevatron and LHC reach or their use to set limits on mH

1¢
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Deviations of 4™ generation rsection from SM

mp (GeV) | oy () | AZ% [ o(£0) | AZYY% | Z(pdf +a,)% | 22 (scale)%

110 12384 | -24 % | 12308 [ -29% | +12%. —11% | +12%. —8%

115 10798 | -3.0 % | 10725 | -35 % | +12%, —11% | +12%., —8%

120 9449.9 | -3.6% | 93843 | 41 % | +12%, —11% | +12%, —8%

125 82088 | -42% | 82400 | A8 % | +12%, —12% | +12%, —8%

130 T340 | 48 Y% | 2687 | 55 Y% | +12%, —12% | +12%, —8%

135 6465.1 | -5.5 % | 64142 | 6.1 % | +12%, —12% | +12%, —8%

140 57314 | 6.1% | 56841 | 6.8 Y% | +13%, —12% | +12%, —8%

145 50946 | 6.8 % | 50504 | 75 % | +13%, —12% | +12%, —8%

150 4540.5 | -7.4 % | 44985 | 82 % | +13%, —12% | +12%, —8%

155 4055.6 | -8.1 % | 4017.6 | -89 % | +13%, —12% | +12%, —8%

160 3630.2 | -8.1 % | 35951 | -89 % | +13%, —13% | +12%, —8%

165 3253.7 | -6.3 % | 32207 | -7.2% | +14%, —13% | +12%, —8%

170 20241 | 57 % | 28932 | 6.7 % | +14%, —13% | +12%, —8%

I - 175 26330 | -5.8 % | 26044 | 68 % | +14%, —13% | +12%, —8%
_ [Thl NLOi(t,B,T) _ ggﬁ"" N LO;(f} 180 2376.7 | -5.9 % | 23489 | 69 % | +14%, —13% | +12%. —8%
&Sﬁf — 100) 185 2147.2 | 51 % | 21215 | 62 % | +15%, —13% | +12%. —8%
90_4-"\,"}‘\,",[,0; (f} 190 19439 | 4.7 % | 19197 | 5.9 % | +15%, —14% | +12%, —8%
195 17632 | 49% | 17402 | 6.1 % | +15%, —14% | +12%, —8%

200 16018 | -5.2% | 1580.0 | -6.6 % | +15%, —14% | +12%, —8%

205 14575 | 5.6 % | 1436.7 | 7.0 % | +16%, —14% | +12%, —8%

210 13281 | 6.1 % | 13084 | -75 % | +16%, —14% | +12%, —8%

215 12120 | 6.7 % | 11932 | 81 Y% | +16%, —14% | +12%, —8%

220 11077 | -73% | 10806 | 88 % | +16%, —15% | +12%, —8%

225 10136 | -7.9% | 99633 | 05 Y% | +17%, —15% | +12%, —8%

230 92861 | -8.6 % | 91221 | -10% | +17%, —15% | +12%, —8%

235 852.00 | -9.3% | 836.33 | <11 % | +17%, —15% | +12%, —8%

210 8252 | -10% | 76744 | 129 | +17%, —15% | +12%, —8%

245 TI064 | 11 % | 70519 | 13 % | +18%, —15% | +12%, —8%

250 662.60 | -11 % | 648.81 | -13 % | +18%, —16% | +12%, —8%

255 610.74 | -12% | 59751 | <14 % | +18%, —16% | +12%, —8%

260 56353 | <13 % | 55090 | -15 % | +19%, —16% | +12%, —8%

265 52060 | <14 % | 50852 | <16 % | +19%, —16% | +12%, —8%

70 48149 | <15 % | 46993 | <17 % | +19%, —16% | +12%, —8%

275 4586 | 16 % | 43472 | 18 % | +20%, —16% | +12%, —8%

280 41324 | 17 % | 40268 | -19% | +20%, —17% | +12%, —8%

285 38356 | -18% | 373.28 | 20 % | +20%, —17% | +12%, —8%

290 35639 | -19% | 34653 | -21 % | +21%, —17% | +12%, —8%

205 33153 | 20% | 32204 | -22% | +21%, —17% | +12%. —8%

300 308370 | 21 % | 20971 | -23% | +21%, —17% | +12%, —8%

Table 1: The NNLO cross-section for Higgs production via gluon fusion at the TEVATRON. o
corresponds to mp = 300GeV and o2y to mp = 400GeV. The mass of the fourth generation
quark is given by Eq. (5.1). The percent difference from the Standard Model result Aé‘;‘f defin

in Eq. (5.5) is also presented.
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