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J. J. Sakurai Prize for Theoretical Particle Physics
2010: (L to R) Kibble, Guralnik, Hagen, Englert, Brout, Higgs

"For elucidation of the properties of spontaneous symmetry breaking in
four-dimensional relativistic gauge theory and of the mechanism for the
consistent generation of vector boson masses."




Higgs boson is the only not discovered
particle in Standard Model

are all these brilliant theorists right
about mechanism of generation of
particle masses ?



LHC has been build manly for Higgs boson discovery
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Phenomenology : Standard Model Higgs at LHC (l)

H® production at hadron colliders:
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SM Higgs boson couplings and Br. ratios

tree level couplings

gurr = mpfv = (V2G,)V2my
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What is the mass of
Higgs boson in Standard Model ?

m?, = Av?2 — free parameter



Indirect constraints from precision EW data :

SM Higgs mass constraints from the data and theory

Experiment

M,, < 260 GeV (2004)

M,, < 186 GeV (2005)
M,, < 166 GeV (2006)
M,, < 154 GeV (2008)

M,, < 157 GeV (2009)
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SM theory

The triviality (upper) bound and
vacuum stability (lower) bound as
function of the cut-off scale A
“triviality” :

Higgs self-coupling remains finite
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Tevatron exclusions of SM Higgs

Tevatron Run Il Preliminary, L < 6.7 fb
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@ tgg maTs sensitivity approaching g High mass 95% CL exclusion :
exclusion : ® 158 < my < 175 GeV

A . F * - \ | Famt -
Expected 1.457SM @ 115 GeV 4 times previous (162 - 166 GeV)
*
Expeﬁed 1.24"SM @ 105 GeV Expected (156 < my < 175 GeV)

Ben Kilminster, ICHEP 2010




ATLAS /CMS

projections for
SM Higgs boson
exclusion

95% CL Limit on 6/ag,

Channels included

Higgs mass range
used in analyses (GeV)

H>vy 115-150
VBF H>1t 115-145
VH, H>bb (highly boosted) 115-125
VH, HOWW-Ivjj 130-200
H>WW-2I2v + 0/1 jets 120-600
VBF HOWW->2[2v 130-500
H>ZZ->4 120-600
H>ZZ>212v 200-600
H>ZZ->212b 300-600
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Prospects for CMS SM Higgs boson
discovery with at 7 TeV
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Luminosity for 5¢ discovery, b

Ultimate performance at 14 TeV
(CMS PTDR 2006)

Difficult low mass region (~ 115 - 120 GeV):

H->yy, VBF H->
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CMS H->WW->lvlv with 36 pb (l)

Basic “WW"” Selections

Two opposite sign leptons e
or 1 p; > 20 GeV

m, > 12 GeV

DY rejection
— |m,-m,| >15 GeV
— EProl-miss 5 20 (35) GeV for en
(ee, up)
tt~ and tW rejection
— no jets with E; > 25 GeV

— no soft muons and b-tagged
jets E; < 25 GeV

13 ev selected: 1up, 2ee, 10 ep

CMS\s=7TeV,L =35 pb!
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CMS H->WW->Iviv with 36 pb (Il)

* Higgs boson selections:

My p%"max (GeV/e) p%mm (GeV/c) | mp (GeV/c?) | Agpr (degree)
(GeV/c?) > > < <

130 25 20 45 60

160 30 25 50 60

200 40 25 90 100

210 44 25 110 110

400 90 25 300 175

* Signal and bkg. after all selections:
myy SM SM with 4th gen. AT ar— all non-
(GeV/c2) data H s WW- H o WW- all bkg. qq— W™W ge— W™W WHW-
cut-based approach

130 T | 0.30=0.01 1.73 £ 0.0 167 £010 | 112+001 | 010%0.01 | 0.45=0.10
160 0 | 123+002 1035+0.16 | 091+005 | 063+001 | 007+001 | 021005
200 0 | 047001 3.94 +0.07 147 £009 | 113£001 | 012£001 | 0.23+0.09
210 0 | 034+001 2.81 +0.07 1494005 | 1094001 | 010£001 | 0.30+0.05
400 0 | 019001 0.84 +0.01 106 £003 | 079+001 | 004+001 | 023003




CMS H->WW->Ivlv with 36 pb (1)

* Signal and bkg. systematics:

Relative Uncertainty (%)
Source H—-WtW- | g9 = WtW~— | g¢ = WtW~ | WZ/ZZ | top | Z/y* = {TL~ | W+jets
Luminosity 11 — — 11 — — —
Trigger efficiencies 15 1.5 15 15 — — —
Muon efficiency 07 07 0.7 0.7 — — —
Electron id efficiency 24 2.4 2.4 2.4 — — —
Reconstruction efficiency 1.4 1.4 1.4 1.4 — — —
momentum scale 1.3 1.3 1.3 1.5 — — —
pile-up 0.5 0.5 0.5 0.5 — — —
E—’r“iss resolution 1.0 1.0 1.0 1.0 1.0 3.0 —
Jet veto 5.3 — 5.4 5.4 — — —
PDF uncertainties 3.0 2.6 — 2 — — —
NLO effects 2.0 1.1 — 3.5 — — —
Fakes — — — — — — 50
WZ/ZZ cross-section — — — 3.0 — — —
qq — WW normalization — 55 — — — — —
g9 — WW normalization — — 50 — — — —
t X normalization — — — — 100 — —
DY normalization — — — — — 100 —
statistics 1 1 1 4 6 50 30

 Generators used:
— Higgs, DY: POWHEG+PYTHIA
— qq->WW, tt, tW, W+jets: MadGraph
— gg->WW : GG2WW (T.Binoth et all)
— WZ,2Z : PYTHIA



CMS H->WW->Iviv with 36 pb (I1V)

CMS, s =7TeV, L =35pb

* In SM with 4th r- SRR RARAR AL AN
. - i wganaes o - BR(H— WW — 212v), SM4 i
generation & 200 | e i, Expocted 1 .
od -l | —— upper limit, Expected + 2o 7

— EPJ C(2010) 66:119 (2010), T = :

—  arXiv:1011.4484v2 (2010) g : :
Higgs boson is T o ;
excluded in region R UL Y. ]
D : .......................................... _-

M, = (144-207) GeV T , |

i N
QDO 200 300 400 500 600
Higgs boson mass [GeV]

my o - BR o-BR lim. obs. lim. exp. lim. obs. lim. exp.
(GeV/c?) | SM (pb) | 4th gen. (pb) | cut-based (pb) | cut-based (pb) | BDT-based (pb) | BDT-based (pb)

130 0.45 2.66 6.30 8.07 5.66 6.57

160 0.90 7.54 2.29 3.22 1.93 2.72

200 0.42 3.50 2.80 4.59 2.32 3.72

210 0.37 3.04 3.41 5.53 2.76 4.43

400 0.13 0.55 2.08 3.12 1.94 2.93




ATLAS H->WW->Ivlv with 36 pb!
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Discovery is not the end, but
just beginning of “Higgs story”

Want to measure Higgs boson
properties



Accuracy of the Higgs boson mass measurement with

H->ZZ->4| and H->yy
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Why Higgs boson mass should be
known with great precision ?

* In MSSM - to constrain other parameters , especially
from top/stop sector via the loop corrections

tanp

S. Heinemeyer at al. hep-ph/9909540 S. Heinemeyer at al. hep-ph/0306181
|I||||I|||I|||I|||II|||I|||||II 130 — ||||||I||||
m, "™ FH2.4,m, = 172.5 GeV i extraction of A in SPS 1b
+ 3 GeV theory unc. i .-i'.mtexp = 2.0 GeV
. 125 EEEE AmF = 0.1 GeV
m, . FH2.4, m, = (172.5+4.6) GeV b
+ 3 GeV theory unc.
10 __ ] Y
10"
} | LAY,
o
SM exclusion bound 2
B sk
1o}
- - L
llllllllllllllllllll ILIIIJIIIJI- _||||I||||I||||I||||
80 90 100 110 120 130 140 150 103700 500 500 1000

0
m, [GeV] A, [GeV]

* InSM: 1-2 GeV is enough to compare measured Higgs
couplings with SM predictions at a given M,,



Measurement of Higgs boson couplings
and qqH associated production
(Weak Boson Fusion: VV->H)

f
H | :
""" < grss = mg/v = (V2G,)"2my % (@)
f

H 1
------ qj:lq,v grvy = 2Mp/v = 2V2G,)PMG X (—iguw,



Why VBF (qq->qqH) channels are very important ?

o o o ->H- M GeV

* Significantly extend the Ty : IT;SF“ ‘"Y
possibility of Higgs coupling D g (Iy/T')=Yy
measurements gg->H->ZZ->4lept My > 120 GeV

* Provide possibility of the Ll <~F9(ler)=Yz
indirect measurement of i

gg->H ->WW->2lept My > 120 GeV

the light Higgs boson width

___________ ,f S
— D. Zeppenfeld, R. Kinnunen, g(Tw/T) =Yy

m

A. Nikitenko and E. Richter- q9->qaH, H->yy i< D0 g8
Waz, Phys.Rev. D62 (2000) w?}, ____________ < Ty (I, /T) =X,
013009
_ M. Duehressen et aI qq9->qqH, H->1t 100 < My < 150 GeV
Phys.Rev. D70 (2004) 113009, "> < L (T /T) =X,
qqg->qqH, H->WW->2lept My > 120 GeV

- Wi~ AW ]
H->t1: the way to measure Higgs coupling ?:P’ """""" <w Tw(Tw/T) =Xy
to down type fermions; Important in MSSM



Jet veto (“rapidity gap”) in VBF (WW->H) production

first discussed in :

Yu. Dokshitzer, V. Khoze and S. Troyan, Sov.J.Nucl. Phys. 46 (1987) 712
Yu. Dokshitzer, V. Khoze and T. Sjostrand, Phys.Lett., B274 (1992) 116

From D. Zeppenfeld talk on TeV4LHC, 2004

Gluon ewmission (n WBF events
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... planning to make rapidity gap studies this year

What can 1fb~ tell us about our perturbative tools

M B
334 Y HEJ v
%‘ - O Alpgen + Herwig
32 A Pythia8 v  J
- & Pythia6 v ¥
3 + Herwig ‘,T O
- @ MCFM v 5
2.8/ Yy O
R Yy o e @
2.6/ vy o e 4 °
2.4 ve * 24 0
i 'Q f‘l‘"l. ﬁ {‘>
B A A & ¥
2.2 grg' o %
vg 3 .Et’( r
e A L 'l BRI BRI AR
2 3 3 3 5 6

A
Wadijets, JRA, M. Campanelli, J. Campbell, V. Ciulli, J. Huston, P. Lenzi, B. Mau)qleprang: arXn:1003.124

1~ 1@7TeV could be enough to tell the predictions apart!
Obviously, similar results for pure dijets with much less data




Full simulation analysis of
qqH, H->tt->l+jet at LHC 14 TeV

T LI | T 1 T T | T 1 T 1 | L T 1 | L T I_ @_ T T | |||||||| | L |
NE [ = signal (135GeV/c } ] % a CMS
> T sM TS EW/QCD 2esjets . x oo scenario | |
Q I 3 tthar W+ jets 1 2 - .
el | | Fit to Signal i _ -5 Mousy =1 TeVie
— L H Fitto Ziy* (— 21) L :_’_ M, = 200 GeV/c”
g C ——— Fit to tthar W+jets ] 10 N 1 = 200 GeV/c? E
2 3__ —— Sum of fits ] X p. : .g m__ =800 GeVic? ]
[2¢] r — T E gluno
'; o = = Stop mix: X, =2 Mg, .,
> [ _
= 2 _|
C ] m, =115 GeV/c?|
1:_ B aqh, h—tt—sl+jet, 30 and 60 fb“
- | iR l i 1 3 qu H—>’!:1:—>|+jet 30 and 60 b’ B
ol PR I 8 r=h = I N T T
0 50 1o 150 200 250 100 200 300 400 500 600 700 890
M., [GeVicT] M,.GeV/c
Discovery in Standard Model
Mp [ GeV ] 115 125 135 145
Production « [fb] 4.65x10°% | 4.30x10% | 3.98x10% | 3.70x 10%
ax BR(H—=7r—1j) [tb] 157.3 112.9 82.38 45.37
Ng at 30 fb—! 10.5 7.8 7.9 3.6
Ng at 30 fb~! 3.7 22 1.8 1.4
Significance at 30 fb~! (o = 7.8%) 3.97 3.67 3.94 2.18
Significance at 60 fb~' (o = 5.9%) 5.67 5.26 5.64 3.19

discovery
of light h
in MSSM



Measurement of Higgs boson couplings and H->bb

ATL-PHYS-PUB-2003/030

S -z 2w, ® traditional ttH, H->bb was
== g (H.Z) / g"(H.W) .
I 1 A ery s fmw| dead” since CMS-TDR (same for
E ;__ T g?(H,b) / g?(H,W) ATLAS)
T | "1 Re-incarnation with
T ATLAS — “boosted” H->bb in VH analysis;
o J‘ L dt=300 fb " * Butterworth at al, 2008
[ ~ — “boosted top” in ttH, H->bb
> * Plehn at al, 2010
0.2~ 8 [(p) - 200GeVR=12Eff=70% (1%)
§ 7F —&— 300GeV R =07 Eff = 70% (1%)
B e [ ¥ 200GeV R =12 Eff = 60% (2%)
0||||||||||||||||||||||||||||||||||||||||||||||| ccnﬁ_— —=— 300GeV R =0.7 Eff =60% (2%)
110 120 130 140 150 160 170 180 190 (7 E
m,, [GeV] 5:_
s
VH, H->bb; p;" > 200 GeV, 30 fb at 14 TeV ‘ A
x

"l 111 I 111 I 111 I 111 I 111 l 111 I 111 I 111 I 11
114 116 118 120 122 124 126 128 130
Higgs Mass (GeV)



Higgs CP property: need > 200 fb1

¢ Using H->ZZ->4| (M. Muhlleitner, R. Godbole, D. Miller, ...)

* Using H+jj, A(I) jj correlation (p. zeppendeld, J.R. Andersen, ...

events
&
(=]

events

Signal
VBF
tt+Jets
QCD-WW

L=300fb !
{ATI}'}' > 3.0)

100

0="150 -100 50 0 50 100 130

CP-even



The ultimate goal of Higgs physics:

measure Higgs boson “self-coupling” value A =m 2 / v?,

parameter of Higgs boson potential
V(D) = =-A v (O*D) + A (D*D)?

using H->HH
— LHC can not do it. Need linear collider
- H
. I
—————— ﬁ: JHHH — 311./1?”’!} = 3(\/?@;,,)11{2 ﬂff%r

x (1)



Searches for MSSM Higgs bosons

80.70 | experimental errors 68% CL.:

[ LEP2/Tevatron (today)
Tevatron/LHC
ILC/GigaZ

80.60

M, [GeV]

SM
MSSM
both models

80.20
Heinemeyer, Hollik, Stockinger, Weber, Weiglein 107
PR SNN TRNN TN F TN TNE TN TN SN TN TN T AN TN T TN A A T T TN
160 165 170 175 180 185
m, [GeV]

* ¢->1t7, pp
e H*->Tv, CS



Preparation for pp->¢+X, ¢->1t

discovery

o “Discovery” of Z->tt _ I CMS prellmlnary
> 0 36pbT atNs=7TeV
g 150_— L — 1T — UWThag ]
>~ z | |
,’ 5100— [Elmm —
- L1t T

7 - I B Ewktt
50 __ —

ylelds from fit |

0 50 100 150 200
Visible Mass [GeV]



Z=>tt Cross Section Summary EdChy

London

o (pp=2ZX) BR(Z=tt) = 1.00 + 0.05 (stat) + 0.08 (syst) + 0.11 (lumi) nb

CMSIprleliminarl - _ 3!:3 pr‘1 atle§|=l7 'I:eV
NNLO, FEW?_+I"|.IHSTW08 [PDF4LH|C 68% CL] (so-ulu GeV)
I-I+H Z — Tt (combined)
—t r‘. | € + Thag
o | L+ Thag
e uen
2 Z > ee, puy
L e

0.5 1 1.5 2 2.5
o(pp = ZX) x BR(Z — 1t 1) [nb]



SUSY H->tt with 36pb™!

* Fit of Tt mass shape for ut, ., et,.4 €U final states
* Background normalization from data
e QCD, Z->ll shapes from data

UWTlhad €Thad ep

Higgs boson is shown for tanp=30

No 220:\|\\ TTITT T T 17T TT 1T II\I‘\I\I‘IIII‘II\I_ No 200_\|\\|\||||\|\\ TT 1T II\I‘\I\I‘IIII‘II\I_ No 607\| I\I‘\I\I‘IIII‘II\I
% 200F + DATA = % 180[ } + DATA = % C + DATA ]
o Bl ©(120) - T 13 E B ©(120) — 1 7 50 B $(120) - Tt
0180: dZ—-1 1 Oe0f dZ—-1 1 9 B Ozt ]
g 160 [ W+jets = g 140:_ 0 Z+jets ] g - [ Electroweak |
N 440 Bl ttewk I3V - B tfewk 1 &~ 40- ' -
~ C B Qcb 1 ~120F B Qcb 4 ~ L I Fakes
£ 120F 1 0L f 2 I .
§ 100F- 3 § 100p E § 3o CMS 2010 g
W gof 1w 8of CMS 2010 4wt Ly =36 pb™,\5 =7 TeV
; CMS 2010 ] - Line =36 pPbTNS =7 TeV - 20F -
60 Lin=36pb'\s=7TeV - 60 - r
40; *; 40? E 10 n
20F = o0f = ?
F o A o ] 5 ii\.‘.\...-\.. . L ]
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
M(t*1T)[GeV/c?] M(t*1)[GeV/c? M(t*1)[GeV/c?

use SUSY Higgs cross-section from LHC XS group report and Br from HeynHiggs



Limits on & x Br(H->t7)

SA ogg->A bbA bbA

* oS8T g8 sel T O € sel < NH

o g88>A  =gPPA_ within 2-10 % using PYTHIA MC
— (o88>A + g PPA) g, <N,

top-loop vs b-loop in gg->h :
diffeent Higgs p, !

| ' CMS MSSM Higgs Search ] _ ™ scenario tanB=30
2 36pb' 7TeV] 3 1of High
: 100 3 =M — Pythia 3
E 12 15 —- Higlu SM o
i : 95% C.L. upperbounds 1 o ¢ ]
; ] 3 10'g E
5 | s 3
< 10 ot E
?‘ 10°F E
g . Observed 10°E ;
o . .E Spira et al. hep-ph/0604156 ... ]
ks . : . . . . . 100" —""900 200 300 200 &
s 5860 300 260 50 0 100 200 300 p400 [Ge\ﬂ)o

m, (GeV/c?)



Tevatron vs CMS

exclusion on ¢ x Br(tt)

M, = 140 GeV; Br(11)=0.104

Tevatron

Ggg->A+bb->A

G X Br €xp-

G X Br °bs:

7 fb* 164 fb*
1.47 pb 32.8 pb
1.45 pb 18.2 pb

*Baglio, Djouadi arXiv:1012.2748
*Baglio, Djouadi arXiv:1012.0530

LHC/CMS

o(pp—¢X)B(¢—t) (pb)

h(H)+A — 2
o N*A sy = 2 tan?p Gggs.>A+bb->A

at high tanf§ > 25

10

Cross section x Br 95% CL [pb]
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Tevatron Run Il Preliminary, L= 1.8-2.2 fb™

Tevatron vs CMS
exclusion on tanf v i

Expected limit +1¢

o Expected limit + 2 ¢
M, = 140 GeV i Q

Tevatron LHC/CMS A RN

_,/ \\\
30%\\\\\\\\\\\\\\\\\\\\ M\
tan B 30(32%) 32 i

e [T

100 180
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CMS Preliminary 36 pb"' 7 TeV
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with th. errors included | 0 10'0' = 5'0' — '260' — '25'0' =300
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M, [GeV] m, (GeV/c?)

* re-evaluated by Baglio, Djouadi arXiv:1012.2748v1 “YR” th. errors: arXiv 1101.0593



ATLAS exclusion in M,-tanf3
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Preparation for pp->bb¢, ¢->1t
discovery

* “Discover” Z+b as “benchmark” for ¢+b

Slide from J. Campbell talk

kinematic region for a low mass Higgs.

® Theoretically, the two processes have orrre———°
the same inputs and uncertainties.

— same initial state, similar (z, Q%) b W,{M< s,

— the same H and Z decays

B Test the experimental analysis procedure
by re-discovering the #Z —




Different MCs for b(b)H production gives different

predictions:

=> need bbZ data to tune/verify Monte Carlo

Campbell, Kalinowski and Nikitenko; Les Houches 2005 hep-ph/0604120

0.12

nb

40

e
—h
—h
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0.09—

- —Pythia (Pr>20)gb — bh [
0.08[

. = 200 GeV/c?

0.07

0.06 L.
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~MCFM (NLO) gb — bh

All histograms
normalised to 1
hetween + 2

N I T Y S R Y STy S
leading b jet n
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-
=
[

—
=

1073

second b p;

-Pythia (ﬁT}ED GeV/c) gb — bh
- Pythia gg — bbh
~MGFM (NLO) gb — bh

All histograms
normalised to 1

above 20 GeV/c

o

20 40 60 80 100 120 140 160 180 200
second b jet p_[GeV/c]

PYTHIA gg->bbH describes p.° spectra at NLO within 5-10 %;
Kinnunen, Lehti, Moortgat, Nikitenko, Spira. Eur.Phys.J. C40n5:23-32,2005



want to measure Z + 1(2) b + X

at least 1 b tagged jet

— Campbell, Ellis, Maltoni, Willenbrock, McElmurry hep-
ph/0312024, hep-ph/0505014. m_ =0

at least two jets with at least 1 b-tagged jets
— Campbell, Ellis, Maltoni, Willenbrock hep-ph/0510362, m_ =0

at least two jets with 2 b-tagged

— Cordero, Reina, Wackeroth arXiv:0906.1923 [hep-ph],massive b
ME+PS generator preselections (discussed with F. Krauss,
M. Mangano, F. Maltoni):

— LO pp->bbZ with massive b; p;° > 15 GeV for at least one b.

— Need corresponding o NLO, L. Reina, F. Cordero — work in
progress



Z+b in CMS with 36 pb! at 7 TeV

* First observation of Z+b at LHC

— 65 evens with single b-tag jet p;>25 GeV, |n|<2.1(~83 %
of Z+b)

* Good agreement with theory/MC for Z+b/Z+j ratio

Nu 30_I T | T T T | T T T | L | T T T | T 17T & 22 :|_ T T T T T T | T T T T | T T T T | T T T T —t

= [ CMS Preliminary E Data ] % 20 5 CMS Preliminary B
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2o swp - S = f
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15F — 12 SSVHP
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10} - 8t E
C 6L .
5 — 4 =
- m 2F +—
I = = i a [ et | m
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Discovery reach with 30 fb! at 14 TeV

ATLAS ¢->171
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tan(B) “measurement” with MSSM bb¢

with ¢->T1 using cross-section measurement;
with ¢->pp using ¢ width (CMS PTDR)

Atanp/Atanp(%)
o

-

LI 3

15

10

- A, =2450 GeVic® = ¢ Hgygy—2 =il

11 =300 GeV/c? — Hggy—rr—ewljfji
[ M, = 200 GeV/c? ALL = 5%
N Aclo = 20%
- mo =1 TeV/c? ABR/BR = 3%

—  SUSY

Stat errors

UIII

L 1 1l
0 100 200 300 400 500 B00 700 8O0 900

m,(GeV/c?)

From

Kinnunen, Lehti, Moortgat,
Nikitenko, Spira.

Eur.Phys.J. C40n5:23-32,2005

In bb¢, ¢—>1tT we used Ac,,=20%, ABr=3%
(new: Noth, Spira 2010, NNLO SUSY QCD/EWK : ABr(¢—>tt) ~1 %)




New ATLAS MC studies for light H+->cs, Tv
ATL-PHYS-PUB-2010-009, L=1 fb! at 7 TeV

e tt->WbH*b->lIvb+csb e tt->WbH*b->lvb+tvb

M. for 2 AFAS ity Senasion — 1->lvv
W’.’>jj o —wancw | ¢ New variables to separate
and werng 3 signal from bkg.:
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H+->cs 0.04F- 3 _
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t->H*b, H*->tVv in CMS with 36 pb! at 7 TeV

Source

Nevents

HH, My+=120 GeV/c*> 66.5+18 +9.7
HW, M+=120 GeV/c?> 68.1+19+09.1

T fakes

21.3+£25+5.6

tt - WbWb — ¢vbtvb 107 +02+14
tt — WbWb — fvblvb 16+01-+0.3

Z/9* — ee, up 03401402
Z/y" =TT 30+£03+0.6
Single top 1.0£+£0.04+0.2
WWWZ,77 054+00+0.1
Expected from SM 383 +£25+58
Data 40
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The 5 o discovery reach of CMS 2006 (PTDR)
for MSSM charged Higgs bosons with m, ™2* scenario.

PTDR 2006: NLO cross-section, Post PTDR update 2008

but no SUSY QCD corrections —_ with Weiglein and Heinemeyer
arXiv:0804.1228 [hep-ph]

% 80 ] LI I B B NN N =l H_D T ]
- CMS, 30 fb™ ] 5 F ]
_FE 70 — -] E 70 __ —]
50 - pp — tbH:, H™ - 1v, ] : :
- m, = 175 GeV/c’ R 60 =
50[- - s0F E
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B 5 t— Wb — jjb I-I-Iglu'rnnn = 800 GeVi/c” ] E ‘.' HELEEH'U ':;E'IIHI.II.E'z E
10 - t Wb Ivb Stop mix: X, = 2Mgygy | 10 - - m 2 =Eu_|a M., g
S Y U I AR :I 1 |:|:‘;1| N T N T T I B I M |Ll_llh‘%l:
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e Dittmaier, Kramer, Spira, Walser 2009: CMS reach for pp->tbH*, H*->TVv in
SPS 1b scenario: effect of cross-section uncertainty on discovery reach



tanf3

Is H*->TVv (and ¢->tt ) discovery region already
excluded by B->tv_?

10

100 200 300 400 500 600 700 800

M,,,, GeV

Red: b — sv
Cyan: AMg,

~ Blue: B, — TV~

Green: Ds — T
Dark green: Ds — pvy,
From Mahmoudi talk

on H* Workshop 2010
in Uppsala
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Can MSSM be distinguished from SM if only one,
light Higgs is discovered ?

Area on the left of the curves is where

MSSM can be distinguished from the SM
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| did not say about CMS/ATLAS studies on

NMSSM H,->a,a,->TtTT
— arXiv:0805.3505 [hep-ph], arXiv:0801.4321[hep-ph]

H*H~ -> llll (I= u, 7) — CMS 2010 data analysis
NMSSM al->uu ATLAS 2010 data analysis
5D Randall-Sundrum model: ¢->hh->yy|/tt +bb

Conclusions

ATLAS and CMS start producing first results
for Higgs physics this year !



THE END



Process | wy, | ey, | ep |

Z — 17) 320+77 | 190+44 | 88+5
— 6+3 | 26%13 | 7.1+£13
Z = U jet > 64124 | 15162

Z> U, >, 13.313.6 | 119428

W — v 54.9+4.8 | 30.6+3.1

v 14713 | 70207 | 3.9+1.2

QCD 132£14 | 181423

W Z/ 77 1.6+08 | 0.840.4 | 3.0+0.4

Total 558+79 | 546+57 | 102+5

Observed 540 517 101

| Signal Efficiency (m =120 GeV/c®) | 0.0253 | 0.0156 | 0.00561 |

« Uncertainty on yields

| Source | %t | Tethaa | Tt |
trigger 0.9714+0.002 | 0.959+0.022 | 0.971+0.002
lepton identification and isolation 0.9924+0.004 | 0.96840.035 | 0.960+0.035
Tiad identification 1.004£0.23 -
efficiency of OS, Mt and 2nd lepton veto 1.00+0.02
acceptance due to Tj,g JES, 3 % 2.7 % E
acceptance due to e energy scale, 1 % - 1% 1%
acceptance due to ¥ momentum scale, 1% 1% - 1%
luminosity uncertainty 11 %

_ » can move to 4%
« Uncertainty on shapes

« tau (3%), muon (1%) and electron (2%) scales
« Missing transverse energy via jets scale (3%) and unclustered energy (10%)



Higgs CP property with H->2Z->4|

dI(n)~H+nl+n2A,
H scalar, A - pseudoscalar,
ﬂ=tan(5)l §= +/' 71'/2 -->A
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Uncertainties involved in the
tan(f3) measurement

At large tan(B), o x Br ~ tan?(B) f(M,) at fixed pn, M,, A,, M sy

Ng =tan?(B)« f(M,) L €

sel

tan(ﬂ) = tan(B)mes +/' Astat +/- Asyst +/- AMCgen

A, = 0.5 sqrt(AL? + Ao, 2 +ABr,2 + Ac(AM,)? + Ae

syst —

seI2 +ABZ)
Acy, =20 % due to NLO scale dependence

ABry, =3 % uncertainties of SM input parameters

AL =5 % luminosity uncertainty

Ac(AM,) = 10-12 % due to mass measurement at 5G discovery limit
AB = ANy / N = 10 % at 5o discovery limit (preliminary)

AS 2= A‘C;caloz + A‘C;b tag2 + AS‘C tag2
Agy, .. = 2.0 % (preliminary)
Ae_...=2.5% (preliminary)
Ae_,. =2.9% (preliminary)

sel

T tag

calo
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MSSM gg->bbA/H, A/H->27 :
accuracy of tan(3) measurement

ﬁ i s H Wi = B Small error bars: stat errors

2 [ A, =2450 GeVic susy > Tr U N Large error bars: total uncertainty

8 1L =300 GeV/c? — H ., —tt—epljljj 60| ALL = 5%
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CMS expectations for Z+1b at 7 TeV
(rescaling of 10 TeV result)

A.M. Magnan, A. Nikitenko . CMS Analysis Note 2010/027
A. Nayak, T. Aziz, A. Nikitenko, CMS Analysis Note 2008/020

2| p;>20GeV, |n|<2.1

% C L L L L L

. = 70_— — ]

ETmISS < 40 Gev Z% - pp—> bbZ ' tt+jets ]

. 60~ Z—ee,u B Z+jets |

>=1 b-jet, E;>15 GeV, |n|<2.1  _© 100pp" BMZcc |

- Ns=T7TeV 71Zbb | -

NS - 84 eVv. 40 -
- 7

Background: 30F E

— Z+jets: 39 ev. 200 E

— Z+cc: 14 ev 10F E

—_— tt"’: 15 ev 46 60 80 100 ‘II|20 | I‘I£|1-DI =
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The 5 o discovery reach of CMS 2003
for MSSM charged Higgs bosons with m_ 2% scenario.

CMS Note 2003/033 NLO cross section for pp->tH- +X
o 50 I I
c
s
10 G, ([pp—tH +X) [ph]
] || i T tanp = 30
30 | © -
T
4
20 = T CMS, 30 fb" -
it =-200 GeV/c% M, = 200 GeV/c? in -1
10 |\ A, = 2450 GeV/ic®, M =1 TeWc2_:
eluded by LEP 150 200 00 400 500
100 50 200 250 300 350 400 450 500 550
m,(GeV/c?) m, [G=V]

Gap at M,,, ~ M., is artificial due to usage of gg->tt (NWA) cross section

gg->tbH+ process is available in PYTHIA (S. Moretti et al. Les Houches 2003)
NLO cross section (no A, SUSY corrections) : T. Plehn et al., hep-ph/0312286



