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Higgs Search at LEP

\‘\

7 Pch=83.0 Ef1=194. Ewi=124. Fha=35.9 r01979 2
EVi=0 EV2 =0 EV3=0 ThT=0 : e « Mass 114.3 GeV/e2;

 Good HZ fit;
» Poor WW and ZZ fits;
+ P(Background) : 2%

I ¢ s/b(115) = 4.7




\,[; l ;lllllllllllllllllllllllllllllllllll L
o - e g
7 , - -1 >
O LEP /[ - 2.4 for' Ns> 189 GeV
? ? 0.5 fb-! Vs> 206 GeV
,F 4 95% ,
wlL ] A i (sum of the 4 experiments)
99% -
o Obcerved : L.|m|t on-I\/IH gt ’Fhe
E o Expected for kinematical limit
4: background : g _ \/S'Mz
10 F | E
" 1 Observed exclusion 95% CL
10 & 1153~ <114.4 GeV
10 .6-1 || I L1 I L1 1 I | I | l 11 I | lj‘l | IJ lil I L1 I || l- EXpeCted eXCIUSion 95% CL

100 102 104 106 108 110 112 114 116 118 120 < 115.3 GeV

mH(GeV/cz)

[ 1 + 10 background only hypothesis

Paris + 20 background only hypothesis
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Higgs production pp@2TeV vs pp@7 Tev

8 1;-‘\b6 = , T ) T T LI R — ] §
g 1
o g
=/ =/ = E
8 q q 8 S 5
& 10
o
-- H - H -- H
_ 10 E
(2) gg — H (b) VBE (c)VH (d) 1fH |
10° ' ' Eon 4
100 200 300 500 1000
M, [GeV]
\s=7TeV 72

gg — h )Ze Hq?q/)WH

10°
o [fb]

o\pp —

qq — Wh

10 10"

/

| IIIII[|

[ IIIII[|

10 @a—Zh - 107 = =
- T — T ] - :
- gg.qq — tth T R\HHH . . . . : ' ' : l
i — _ 100 200 300 400 500 1000
TeV4LHC Higgs working group ____""'-——-____7_:“-—%,____hh MH [G eV]
1 croov e v v v e b e e b ey e T
100 120 140 160 180 200

m, [GeV
Par al ]
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Key SM Background processes
AT LHC

o(pb) Vs =7 Tev
30000 W + Jets 180 7~ ff 165 pb approx. NLO
W — (v 160/ +~

25000 1%
20000 r+ X

han)
15000 63 pb NLO

tW WW-
10000 106 pb 43 pb
+X W7
5000 - (s-chan) 18 pb ZZ

4.6 pb 5.9 pb

V. Sharma

Paris
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Data sets for Higgs Searches

m Run Il Integrated Luminosity 19 20r8 2002 -30 Septembor 2011
,:..—' !!!!!!!!!!!!!! I !!!!!!!!!!!!!!
120 [ L1 11 [ Fe) 7t~ ATLAS Online Luminosity \s=7TeV .
e ==Deolivered . P’ > - LHC Delivered .
10.0 — s h — —
o0 Recorded /V § S ATLAS Recorded -
80 A . S Total Delivered: 5.61 fb"
gro 11.9 fb-1 delivered /./ m] § afF Total Recorded: 5.25 fb”
£60 / 9 »
/ @ = _ -

£ y, 5 . 5.6 fb"delivered
3 r ) 3__

40 § -

30 ..c—_au 2 :_

20 |9 E

10 1=

[0 b= L+ -

L WL T L N U L S VU, S VL L U WL, Y VUL SO T S S N 0 s IS S S T S S O
01/03 01/05 01/07 31/08 01/11
Day in 2011
Tevatron Luminosity LHC Luminosity

HCP2011 analyses <8.6 fb HCP2011 analyses < 2.3 fb'
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@D Higgs Search at the Tevatron

IRun, Event: 229879, 3787664 e
Dijet Mass: 113.06 GeV/c? CDF Run Il Preliminary

Z Mass: 86.22 GeV/c? — Dimuon Event

N Jets: 2 |
MET: 8.52 GeV  __ r ' o e ]
ZH NN: 0.95, tt NN: 8.6x 1ot — ' P
S/B @ 115 GeV/Q?; 0.42 E ] e
Lepton 1_,—=c——tEPton -
| P+ ]y 3 GeV/c +94.8 GeV/c 1

V4 \

#

\_=7p; 88.0 GeVic

Paris
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@D Tevatron results

CDF Run Il Preliminary, L <8.2 fb™ talks by: Petridis/Sforza/Yao

2 14 1] I . 1 I 12 1 I I L] ' T I 1 1 14 ] 14 L4 '
g e WHsZH4VBF jjbb 4.0 16 Obs e WHsZH METbb 7.8 16 Obs "
= wmwm=  WHsZHsVBF jibb 4.0 15" Exp wemee  WHeZHMETOb 7.8 16" Exp “L: . .
£ 3 LEP H-+1: 60 16" Obs — WH-hBb 7.5 &' Obs eS Sel ISI IVI O all Ie
: 10 ceees Hot6OW'Exp 090900 eeeea WH-shbb 7.5 " Exp
. Excl. e ZH-AIbb 7579 16" Obs — Hoyr 7017 Obs x . .
o | ZHALLTSTIB Exp 0 meees Hory 70 1™ Exp b CO m bl n I n m a n
m— ttH MET4jots 5.7 b Obs — ttH lijets 7.5 5" Obs
3Q ceeee  HHMETsets 57H ' Exp ==  —eeee= 11 1 lejots 7.5 " Exp
n '
[¢))

— W2tz 621" Obs _— HZZ 4821 Obs

wmmme WZet:6217 Exp memmm HAZZ 8217 Exp . C anne S
HWW59 " Obs -

----- HWW59 " Exp

2 VR ,“ VH—VDbb is the most
77 ; sensitive channel for
Mu~115 GeV

10

10 = Tevatron Run Il Preliminary H-»bb Combination, L < 8.6 fb™
= N . T--"”Elxpm:led B 10 Expected |
n = Observed +20 Expected
210 |
g Tevatron Exclusion
—
o
’ 3 LEP
/ SM=1 July 17, 2011 ) 8
| ) 4 N 4 | - | n
100 110 120 130 140 150 160 170 180 190 200 1
m,, (GeV/c?)
expected/observed upper limit
Hup €XP _ pP _ 100 105 110 115 120 125 130 135 140 145 150
on the signal strength modifier, m,, (GeV/c?)
Il =0/0Osm,

LHC expected limit H—bb@1 fb-' ~ 5 x SM
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Dibosons searches as proxy for VH—Vbb

For MH=115 GeV, VH—Vbb is 46 fb , while VZ—Vbb is 202 fb. talk by Grivaz
The cross section for diboson production is 4.5 times larger than for VH. But the
background situation at lower mass is more difficult.

WW+W?Z in IV+HEF WZ/ZZ in MET + HF

VZ Analysis sample (two b- tags)
L | T 1T | L | T T | T T | T T | T T | T 1T | T
Preliminary Run 11 8.4 fb™*

S ool B0
o 450 Se

CDF Run Il Preliminary (7.5 b ) Fit —+-Data . "
=t The combination of these
e searches has been done

using the same technique as
for the Higgs.

Cirnal NicAiminans

VZ —vVbb Analysls

——— SRR o
] S S5 S L et % s00[- — S4B LR
: S 3.3 o evidence
WW/W?Z ratio fixed as in the SM aoo; for WZ+ZZ combined
Large contribution from WW—lvcs 20
3.0 o from the B-only hypothesis ' (2.9 expected)
(3.0 expected) TR e s 0
Good agreement with S+B: .
o (WW+W2) = (1.1 +0.3 -0.4) 5_SM (21-890 f’°mtt:|‘)3 B-only Good agreement with S+B:
.9 expecte
Sensitivity shared by ZZ and WZ

CDF -—_—
Paris D O
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@DD Tevatron Limits

CDF Run Il Preliminary, L<8.2fb"

P’ | Y LB BB B ’ -
5 LEP Exclusion CDF
210 |fone K. S EXCIUSION, ... s pr———— .
ey Expected o~ = - DO Preliminary, L=4.3-8.6 (b ' == Obscrved
— — Qbserved & - === Expected
- I t10 Expected - S SM Higgs Combination " .
d 120 Expected i< 7] Expect 1o
'S ﬂ [ ] Expected #20
o
5 &
=] &
1 e e R {-
- _EP Exclusion
&————CDF Exclusion July 17,2011 : / DO E 'u.lu\mn ——? 1
100 110 120 130 140 150 160 170 180 190 200 100 “110""126"130" 146136 160 170" 186" 199" 300
2 July 17, 2011 my, (GcV/c )
m,(GeV/c®)

Tevatron Run Il Preliminary, L < 8.6 fb™

BN LR e
= LEP Exclusion Tevatron
10| ~i..... Exclusion

= B o Observed exclusion 95% CL
! J 10 Expected :
: ]

mwes | 100-109 156-177 GeV

Ll

95% CL Limit/SM

|l N T | Expected exclusion 95% CL
w0008 145-181 GeV

' 1

<I—vaatron Exclusion 1 l : - July 17,2011

100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
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i

~* S Higgs Search at LHC

- 3-"
DA

EXPERIMENT

Run Number: 183081, Event Number: 10108572
Date: 2011-06-05 17:08:03 CEST

Paris
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LHC Combination SM Higgs searches

& o ATLAS Preliminary CLs Limits
e '
< ‘ == Qbserved
! = Expecied .
= SXpog [Ldt_IOE.’_Hb'
= Bl 1o J
- —2a
: :
9
)
) s
ol L.._" " . . -4
100 200 30uH 400 .JC'.JG » 600 10 S ey ‘sd(:‘ ——t
iggs boson mass (GeV/c”) v [GeV)

Performed by LHC Higgs Combination Group
 Combining the results presented at Summer Conferences

e All ATLAS and CMS analyses entering in the combination
are documented

*Consistent treatment of the systematic errors in the two

Collaborations
eCareful (conservative) attention to correlations

ATLAS-CONF-2011-157 - CMS-PAS-HIG-11-023

Paris
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CMS 3
= b -
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Paris
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low mass

low mass

low mass

low mass
high mass

low mass
high mass

high mass

high mass

high mass

Channels entering in the combination

Talks by Iconomidou-Fayard/Codispoti/Duehrssen/Rekovic/Tarrade/Bluj

Channel Collab. | m, range | Lumi. Type of analysis
H - bb CMS | 110-135 1.1 MVA cut & count
ATLAS | 110-130 1.0 mass shape
H - e CMS | 110-140 1.6 mass shape (binned)
ATLAS | 110-150 1.1 mass shape (binned)
H S CMS | 110-150 1.7 mass shape (unbin.)
Yy ATLAS | 110-150 | 1.1 | mass shape (unbin.)
CMS | 110-600 1.5 cut & count
H2> WW 2V \rias | 110-300 | 1.7 cut & count
CMS | 110-600 1.7 mass shape (unbin.)
H> 274l ATLAS | 110-600 2.3 mass shape (binned)
H=>ZZ - 212t CMS | 180-600 1.1 mass shape (binned)
CMS | 225-600 1.6 mass shape (unbin.)
H> 27229 ATLAS | 200-600 1.0 mass shape (binned)
CMS | 250-600 1.6 cut & count
H=> 27 212v ATLAS | 200-600 2.0 m, shape (binned)

Search in the range 110 to 600 GeV

gigi.rolandi@cern.ch HCP2011
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Weight of the individual channels

In the combination presented today

bb TT YY B ww 4
{ [~
<?2
P )
=
~I/E
q
<4
114 120 140 160 180 200 250 300 400 500 600
. Mu(GeV/c?)
“2 , Mup expected upper limit on the signal strength modifier, 4 =0/0sm .
Wi = up’ll The widepend on the amount of integrated luminosity of each
Z]- Mz channel. They are computed in the asymptotic approximation.
up,Jj

Cowan, Cranmer, Gross, Vittels EPJC 71:1554

Paris
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= % High Mass Region

H—ZZ—llvv. Signature two isolated high pt leptons of opposite
charge and missing transverse energy

(\K\ AT L A S Candidate Event with a_Z—;up and missing E.

EXPERIMEN

Pr, = 50,126 GeV

,uu — 94 (J( V
l:'.;’.""" =161 GeV

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET




High Mass region

H —>ZZ —>|| w

= 14 LR AU AU R L e S S S S S S S RIS Juee SN Sum e g— — — — — — — —
7 CMSPrellmlnary.\s 7TeV Ay : T S LM R UL IS IS B
= | s Expected + 2 7 .[Ldt=2.05fb", \s=7TeV ~= Expected =
= 10 - - | ERN .
E : 6; H—->ZZ-livv [+ 20 =
4 8 5F- ' =
O - Z
b 4 ;
o f =
3 =
2t =
1 B
A i A l A A J A A l A A A A b, A A A A l ) S\ A : :
850 300 350 400 450 500 550 600 (| N N R P PR FEEEE SEEe e
Higgs boson mass (GeV/c?') 200 250 300 350 400 450 500 550 600
m, [GeV]
H— ZZ —>|| qq

b% o CMS Preliminary, \'s = 7 TeV | - - S e et B RS S Rl a s SRS al Bd ~

B [ HoZ-a L, =180 S Expected: o E ATLAS H— ZZ - llgq :

c 20 ------- Expected + 20 20 h— Observed (CL ) 1 —

0 - ’ - —— s = -

= — eessseaes Expected (CL_ ) Ldt=1.041b d

g B B 1o \s=7TeV 4

s ] - 15 +20 —

O i : N -

X i d

o 101~ -

S -

of o S

l‘ l ) . R . : A l s X A X ; 0 RRARRAR AR RN AR anrans BARRARRARR AR T TTRTT T .
250 300 350 400 450 500 550 600 0

Paris Higgs boson mass (GeVied) 200 250 300 350 400 450 500 550 600
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¥ H—-ZZ—4 leptons (golden channel)

Very clean, full reconstruction of the event

4 leptons candidate : 2e2u

4 isolated leptons
M, = 163 GeV/c?

4 leptons from the same vertex.

2 leptons pairs
Z (p+p-) : m =94 GeV/c?
Z*(e+e-) : m = 65 GeV/c?

Paris
18/11/11
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L ¢ ompact Muon Solencid

? H—ZZ—4 leptons (golden channel)

Very clean with full reconstruction of the event

'TY‘YIY’TI'?TTT'?‘.IY’TYT"

SM

SM

~ CMS Preliminary,\'s = 7 TeV |- Observed ||

© y . - - ATLAS — Observed CL,
\0102 HoZZoal L =170 -Exgzz:::;(’ | 2102_ Ho 72054 Expected CL,_ —
c10°; = 3 ’Cé - fLdt=1.96-2.28" Mo ;
- — o=t \s=7 TeV J
S 3 t20 ]
e 32
O 7o)
52 104 o
wnn
(o))
1 z :
100 200 300 400 500 600 200 300 400 500 _ 600
Higgs boson mass (GeV/c) : e .
. r e DATA 1
_ o Resolution :FWHM 8 of o Baogoms ATLAS
o Srr N R R R i o ignal (m =150 GeV) ]
o el ' ' ' ' & 3.5+6.5 GeV g 8~ =S|gnal(m =220 GeV) A
> : .DATA g @ Signal (m =480 GeV) x 2 1
(O] . Z+jets 4 o) 7: ]
o of mz | Small excess form<180 GeV 5 * S %‘
3 ] . 6F H—ZZ —4l :
e Emscevey CMS 6 events ~3 expected i [Ldt=196-2.281b" -
Wt [l 200 Govic’ ~ * ; \s=7TeV ]
. Enewce, ATLAS 3 events ~ 3 expected ik | E
[ I 3 ﬂ
2_ — — ’ {
: i CMS Mn=140 ~ 3 expected” £l
1 i ATLAS My=130 ~ 2.3 expected™ | |, |
: 0{ 1 ! racy 1 1 i e it " ’}
. 100200300 "400 S *at~10% level 100 200 300 400 500 _ 600
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= Compact Muon Salencid

% H— ZZ combined

102| ATLAS + CMS Preliminary,\s = 7 TeV [ —a— obsorved | | 27 channels
-1
..... 1o ZZL,=1723%¢. | Eesesitc | gione exclude
| ; ] R Expected + 26 180<MH<480 GeV

High mass search has
little background

-y
o

T T

T T
ATLAS Preliminary \/s = 7 TeV

50F H— 2Z - Iv . dazajtdt.2.05ﬂ:"~j
% Total BG .
— Top -
1 ZZWZIWW

ZW -
.............. mm Signal (m,_ = 380 GeV).]

e

’

Y NN [ P 2 6 M PR Ry Y M Y (A 0200 300- 400 500 600 700

: T S T T 1 PR T - -
100 200 30 400 500 600 m [GeV]
S Higgs boson mass (GeV/c?)

-

—> Asymptotic 95% CL limit on c/cg,,

For m<180 GeV the number of expected events in 4
leptons per bin of mass resolution is less than 0.5.
This reflects the good mass resolution, however the
observation of a candidate in a given bin appears
(statistically) unusual.

O
<
0p)

ATLAS [

Paris : . :
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95% CL limit on o/oy,,

Paris
18/11/11

----------

" CMS Preliminary, \ s = 7 TeV
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L Compact Muon Solencid

H—-WW-—-2|2v

of the cut flow (invariant mass

" CMS Preliminary, \s = 7 TeV SR = 20 B G Bl B B e PO B
102 R TN Sl | s L ATLAS Preliminary CLs Limits
F HoWW L =150 | Expected: 1o B 10°E (*) =
; | i Expected + 20 c —— Observed H-oWW —iviv - 5
o i ---- Expected det 17 1
% B:ioc o
: i :
19) - .
m -
1E 1E E
10-1 L U T S S S T N el — 10'141L' 1l L1 NI SR ST | | P T | | &
100 200 390 400 500 600 120 140 160 180 200 220 240 260 280 380
Higgs boson mass (GeV/c?) m,, [GeY]
MM S B B N — S
‘mm el ptelimnan.l 80; ATLAS Preliminary ~  Dsta == SMisys & sa) _5‘
o =l e ; : 70?v§-nov.JLdn.u.701b' E:’w =:_z,:,l$ E
w Bz The shape is different because Oy  Boete 3
B Wepess CIHps —_‘L:

40

L
~\I_

Entries/5 degrees
(
o

0
Ap b

50 100 150

etween the leptons

applied in ATLAS)

CMS, My 140 GeV

141 events, expected 120+11
(expected signal 46)

ATLAS, My 150 GeV

93 events, expected 7610
(expected signal 46)
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601 H-WW—NN + 0 jets
50F-

S
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TTTT]

W
o

- N
==

Lo

B 2w [0 Woists
[ Hi1%0 Gev)

HoWW—hh + 1 jet

Entries/0.31 rad~18 degree
N

- -
o O

sl o b o Lo b b b be

0 05 1 15 2 258 3
A@ between the leptons
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| Compact Muon Solencid

% HH>WW—2I2v

ATLAS + CMS Preliminary, \s =7 TeV [ —e— opserved |
H— WW, L =1.5-1.7 fb/exp. B Expected + 1o
10 = ' =k Expected + 2

-t
i

Asymptotic 95% CL limit on c/cy,,

T ! o T L TR T T Vi DO L T T A ! I i T R
100 200 300 400 500 600
Higgs boson mass (GeV/c?)

ATLAS and CMS see both a less than 20 positive fluctuation (mainly O jet in ATLAS,
mainly 1 jet in CMS) that appear then in the combination. Since this channel has very
limited mass resolution, the excess spans in a correlated way over a large mass
range.

Paris
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¥ S Low mass: H—vyy

’-\400'- - >450l]lll]l]llll'lllllllilllIl]]l
N - CMS preliminary —e— Data 0
L X Jl— Bkg Model O -1
> 350 \s=7TeV GIsR o} o o 400 \1s=7TeV | Ldt=1.08 b
Q@ - - .
g +2
O 300 ~_All Categornias Combned pr— ;xscM m, =120 GeV S 350 Inclusive diphoton sample
: : % 300 ®  Data2011
- L Background exp. fit
@ 250 CM> S UETNG,, Bikg + MCsignal m, = 120 GeV, SXSM
= il o N g
@ 200 F— -
AT 200F + )
150¢ 150F- t
100: s 100;— + +++
S0 | 50 ATLAS
_._.__./1\i N B T T T BT BT B
?00 120 140 160 1000 110 120 130 140 150 160
2
m,, (GeV/c?) m,, [GeV]
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| ? LHC Combination SM Higgs Boson

All Channels combined

ATLAS + CMS Prelimi;\ary, \Ns=7 T;aV
L., = 1.0-2.3 fb /experiment

‘—O—OlA)served
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of SM Higgs boson hypothesis
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Q"’ -  ATLAS+CMS Preliminary ]
2  —Observed |
S 4oL Efﬁpected =
= = 1o —10- =
= - D%gc I Ldt_1.02.3fb:
~ — Observed w/o Sys _ i
O | - Expectedw/o TH sy}/s \s =7 TeV _
32 _
O
o))
Ll e 2
: aeggu ::
10 = T T T
100 200 300 400 500 600

m, [GeV]

Theoretical systematic uncertainties

Expected exclusion
changes by 1 GeV at
low mass and 20 GeV
at High mass

Thanks to the advances in theory and to LHC Higgs cross

section group !
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? Zoom on low mass

| 'ATLAS + CMS Pr‘eiim'inzarryrl, Ns=7TeV [—— Ot;sewéd N
L . =1.0-2.3 fb"/experiment B Expected + 1o ZZ
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?Zoom on low mass
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luon Solenaid

? Combination: p-values and o/osm

L Compact M

1

a> = 1 -
% 1O — " ATLAS + CMS Preliminary. \s =7 TeV =
z_ E_ - L, , = 1.0-2.3 fb Yexperiment =
§ 1072 L§_ Combined E
— Qo EE T T T T T s s e Exp. for SM Higgs boson | _
1O - : | —a— CMS >
;_ —=— ATLAS =
10-5_ 454&!%%51}5!4%:!&&!}4!!5{4%55
= g — —r
197 E LEE corrected max. _ _ 1o from fit |
107 = Significance = 1.6 < ] :
— — ' T S S— |
=” 20
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= .f LEE
| 7e -
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95% CL Limit on o/oy,,

_
Y

% The full 2011 LHC dataset

~ 1.5+1.5 fb-1 (ATLAS+CMS) summer 2011

1 fb-1 projected 95 % exclusion winter 2011 b?, ATLAS + CMS Preliminary, \s = 7 TeV | —e— Otserved |
Projected 95% CL Limit on 6/c¢, B L, = 1.0-2.3 fb /experiment Expected + 1o
— T T , , — C 10 | +

[ ATLAS Preliminary  CMS Preliminary: Oct 2010; o) . e Expecled £ 20

| j;g:;}ex. =1 @7 TeV -

o Bi SToV —5fb'@7 TeV =
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: 0O

a\ . N

n

~1 x 113

Y
=
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Higgs mass, m [GeV/c?]

1 | | ]
10100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Statistical sensitivity will improve by 1.5+2 depending on the channel, WW may be the
exception because one starts seeing the systematics.

Sensitivity will also improve, especially at low mass : basic physics object identification,
reconstruction and calibration (eg yy) , use of MVA, more analyses (VBF and boosted bb
in ATLAS). Higher pileup will somewhat degrade.
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95% CL Limit/SM

Comparison LHC/Tevatron

Tevatron Run Il Preliminary, L < 8.6 fb™

—
o

PN ARRBE LA AR R D A !
' LEP Exclusion Tevatron
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.. smamw xpected R SO i
| [ et o /
: [ +#lcExpected : :

[ . 12c Expected :

(l——Tevatron Exclusion * %

100 110 120 130 140 150 160 ’l70 180‘ 190 200
m,(GeV/c?)
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1
10410

AAAAAAAAAA T..?]

ATLAS +CMS Prellmlnary \s S Tay = Observed
L., =1.0-23 fb 'experiment B Expected 1o
------- Expected = 20

- Tevatron Observed

------- Tevatron Expected

| | ]
150 160 170 180 190 200
Higgs boson mass (GeV/c?)

120 130 140

In the non excluded region both colliders show an excess compared to the expectation.
Tevatron observed 95% limit is in the 10 band. LHC excess has a max significance of

1.60 .
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Comparison LHC/Tevatron

|

Tevatron Run Il Preliminary, L < 8.6 fb™ ===
= ————T—— T . ATLAS + CMS Preliminary, \'s = 7 TeV | —e— Observed
7] LEP Exclusion § § Eevlatron L., = 1.0-2.3 fb /experiment 8 Expected: 1o
e ™ | ‘ XCIUSION . B | X
.E 10 . smasw Expected IV S / B 10 :— Expected = 20
" — |- Observed e deeeieied o M | = = Tevatron Observed
- [ +#lcExpected : :
d [ . 120 Expected ; - — Tevatron Expected
o
32
n
(=2}

1 18
(-——Tevatron Excluslon o e ° %17, 20"

100 110 120 130 140 150 160 ’l70 180 190 200

v 1 ' i *
m,(GeV/c®) 10410 120 130 140 150 160 170 180 190 200

Higgs boson mass (GeV/c?)

In the non excluded region both colliders show an excess compared to the expectation.
Tevatron observed 95% limit is in the 10 band. LHC excess has a max significance of
1.60 .

Every discovery starts with the inability to exclude, it is good to see that we have excess
compared to expectation !
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Comparison LHC/Tevatron

|
Tevatron Run Il Preliminary, L < 8.6 fbo
% "IN LEP El);clu]sion M fe;/atrt;n
=10 | _ : : Exclusion
E | S Ghaervea e ‘
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n
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1
| <——Tevatron Exclusuon ® o | e ,7'20'1
QL;L
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

In the non excluded region both colliders show an excess compared to the expectation.
Tevatron observed 95% limit is in the 10 band. LHC excess has a max significance of

1.60 .

10 |

1
10410

ATLAS + CMS Prehmlnary \'s = 7 TeV | —— Observed
L. =1.0-23 fb /experiment 8 Expected+ 1o
------- Expected = 20

- Tevatron Observed

------- Tevatron Expected

120 130 140 150 160 170 180 190 200

Higgs boson mass (GeV/c?)

Every discovery starts with the inability to exclude, it is good to see that we have excess

compared to expectation !

However here we do not have the clear picture of why do we have this excess. More data
(that we have already) will tell us more about the WW excess. And the other channels will
become more and more sensitive. Stay tuned !
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The good news.......

Ellis,Espinosa, Giudice, Hoecker, Riotto Phys.Lett. B679 (2009) 369-375

< 150
5 Only a
S, 145
= small
140 E_ Shown are 1o error bands, including theoretical errors _E Stable
135 —  region
130 |- left at
— - 0
125 [ LEP exclusion — 95 A) CL
—  at>95% CL =
120 ;— J _:
110 & / E
105 - / / /
7% 8 10 12 14 16 18
Iogw(AIGeV)
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The good news.......

Ellis,Espinosa, Giudice, Hoecker, Riotto Phys.Lett. B679 (2009) 369-375

;‘ 150 = T T | T i /
& 145 | Stability bou Only d
- - I Flmte-T me small
= = natae
- Excl % CL stable
135 xcluded at 90% region
130 — = left at
125 E_ LEP exclusion _E 95% CL
- at>95% CL =
120 ;— _;
115 i—
110 i— /
105 z— /
100, 6

Iogw(A/GeV)
And furthermore the region between ~ 132 and 141 GeV is
also excluded at 90% CL by the LHC combination.
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Impact of the new limits on the green band

« Before LHC 2011 Run

80.5 July2011' : : ' :
— LEP2 and Tevatron

| =-~LEP1 and SLD
68% CL

-
-
.
-
-
-
.’
.

Paris
18/11/11 igi.rolandi@cern.ch HCP2011 32 /33



mailto:gigi.rolandi@cern.ch
mailto:gigi.rolandi@cern.ch

Impact of the new limits on the green band

80,5 Juty2011' : : I :
— LEP2 and Tevatron

| =-~LEP1 and SLD

e 805 NovemberIZO11 | | | |
o — LEP2 and Tevatron

| -~ LEP1 and SLD
68% CL

155 175 195

With < 2.3 fb-! from LHC
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Conclusions

Little room left for the SM Higgs !
114<mn<141 GeV @ 95% CL 6

November 2011 M. Gruenewald

(5) _
AO(had -

1 —0.02750:0.00033 [ :
31+-0.02749+0.00010  {f ¢
%4+« incl. low Q° data

LHC experiments will analyze the |
X3 data already collected before 4-
2012 Winter Conferences

Tevatron will provide the final '
results on 10 fb-' by the 2012 =2
Summer Conferences |

On the same time scale there will o lExcluded N /- Excluded

be a combination LHC + Tevatron 30 100 300
m, [GeV]
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? Correlated uncertainties

Source Affected Processes Typical uncertainty
PDFs+a;, gg — H, ttH, gqg — V'V +8%

(cross sections) | VBF H, VH, VVQNLO +4 %
Higher-order | total inclusive gg — H *_';‘?;/:%
uncertainties | inclusive “gg¢” — H + > 1 jets +20 %

On Cross inclusive “gg” — H + > 2 jets +20% (NLO), +70% (LO)
sections VBF H +1%
associated VH +1%
tiH *io%
uncertainties specific to high mass Higgs boson, see Section 2.1 +30%
V +1%
V'V up to NLO +5%
gqg — VV +30 %
tt, incl. single top productions for simplicity +6 %
acceptance acceptance for H — WW — fvfv events +2%
phenomenology | modelling of underlying event and parton showering +10 %
fake lepton probability (W + jets — (£fake) +40%

luminosities ATLAS and CMS uncertainties on their luminosity measurements +3.7% ,+45%
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Individual Channels H-->bb

Paris
18/11/11
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Individual Channels H--> tau tau
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CMS

Compact Muon Solenaid
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Comparison of different combination methods
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Exclusion Regions SM Higgs

Union

LHC

Tevatron

LEP
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95% CL Limit/SM
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> % Expected limit - low mass zoom
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M, [GeV]

— LEP exclusion —
— at >95% CL -

/ 16 18
log, (A/ GeV)

Excluded region at 90% CL
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Statistical analysis

* For each measurement directly entering the
combination, expected outcome depends on:

— The lack or presence of a higgs boson signal.
represented by the signal strength p = /0,

— Quantities affected by systematical uncertainties:
represented by nuisance parameters 0
These parameters usually have an associated
measurement that provides a preferred value 6,
(e.g. from control sample, theory calculation,
...), and a probability distribution around that
value.

T
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Statistical analysi_

The likelihood function is built as a product
L(data|u, 8) =L, (data|p, ©) - L(6,]|O)
1

obs

Prob. of observing the data given y, 6.
In the case of counting experiment with
b(6) background and s(B) signal

it’s just a Poisson( N | p-s(8) + b(06) )

Likelihood of 8, given 6 (Frequentist).
Posterior prob. of 6 after measuring 6,
and assuming flat prior on 6 (Bayesian)
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Statistical analy

P.d.fs for nuisance parameters:

* For yields measured from a

control sample with stat.
uncertainties: Gamma

 Other uncertainties on yields:
log-normal distribution
(remains “regular” for large
uncertainties)

 Parameters with no prior
knowledge, e.g. the yy
background: uniform distrib.

* Other parameters, usually
affecting shapes: Gaussians

Andrey Korytov (UF)

Probability density, dp/d=

Log-normal
for 10 .. 50%

uncertainty

BT

= -

Probability density, dp/d=

- Gamma for
for 10.. 50%
uncertainty




Statistical analysi

Two paradigms for limits:

@ 10’ | CMS Preliminary \5=7TeV L,,=0.2-0.9fb"
* Frequentist: test values of o | Higgs Combination at m_= 250 GeV
— i - = .._f( ) for signal+bkgd pseudo-data (1=2)
I-l o/.oSM t?ty tos;mg [l)se:_do 8 105 _f(:u) for bkgd-only pseudo-data (u=2)
experiments and evaluating ¢ _quobm,,dm.z,
how often they are more e 10'
signal-like than the real data > 10,; |
observation.
Use “CLs” construction to be 10?
conservative in the presence o
background fluctuations 10
Small differences w.r.t. LEP anc

Tevatron (see backup) o 5 10 15 20
Test Statistic q,
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Statistical analysis

* Bayesian: interpret the

] ] i 3. 0.8 CMS Preliminary Vs=7 TeV L_=0.2-0.9 fb"
likelihood function as a T [ /7 Higas Combination at m, = 250 GeV
p.d.f. for p = o/0g), assumingd |
a flat prior, compute the 2 |
interval [0, u] that contains 2 04

95% of prob. |
Exactly as PDG & Tevatron 0.2}

* CLs and Bayesian are |
different definitions, results % 1 5 3
are within 10%
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