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TeVatron

Tevatron and experiments perform well

»  ~8fb™! delivered, >7fb™ recorded by each experiment !

»  Following design integrated
luminosity i : . 120fb1
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SM Higgs Constrains

Radiative corrections
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Radiative
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SM Higgs: production & decay

“Light” <135 Gev), “heavy” (>135 Gev) Higgs

b)

» gg fusion: overwhelmed QCD bb (~x10°); S Production |
K<) gg—H
Y H-WW g P
Soil 3 WH
g b -§
i 3
- 100 L'I!O 140 16:0 ”IéO 200
g b
my (GeV/c?)
antiproton o 1
. . £ Decay
» Associated production, (W/Z)H =

» H- bb, t1

proton

00 120 740 160 T80 200

- my, (G eV/c2)

antiproton

» Vector boson fusion (VBF)
> Low yields ( but ok @ LHC )
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Backgrounds (1)

Instrumental
q ——
> Multi-Jets : fake leptons G 2 Total nelastic
» Evaluated in data T E 10’ b
. 3 10" bb
Physics 8 >
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Backgrounds (l1)

After QCD reduction
Y “V”+jets topology
- B-identification
- Before identification: S/B ~ 1/3000 !
- Reduces up-to 95% of light and c jets backgrounds

- Increase sensitivity: split samples with 1 or 2 identified b-jets

> Multivariate techniques

> Combine and improve individual discriminating observable

> QOutput classifier used to set limits
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Heavy flavour identification (I)

Secondary vertices, Track Impact Parameter, Soft lepton

g i —b F usf —b
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Heavy flavour identification (II)

Ex: WH-->Inubb
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Multivariate techniques

Most common methods

@ Decision Trees ( boosted, random forest. ... )
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Examples

» Dijet mass: S/B ~ 1/100

» 1/10 - 1/50 with MV techniques
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Low-mass Higgs results

Limits expressed as ratio to SM cross section

Channel

Obs. (Exp) 95% CL upper limits / SM @ My = 115 GeV/c?

WH—I*v bb

43(3.8)in4.3 fb!

6.9 (5.1) in 5.0 fb!

VH—wv bb

6.1 (4.2) in 3.6 fb!

3.7(4.6)in5.2 fb

ZH—I"I" bb

5.9 (6.8) in 4.1 b1

9.1 (8.0) in 4.2 fb"!

Also using low-sensitivity channels

» diphoton, tau, ttH, ...
» Sensitivities ~ 40-60 SM

Sébastien Greder
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Cross section

@

( 6% of WW decays )

@

Topology

...............

EllL RS
160 180 200
M, [GeV]

0O 20 40 60 BO 100 120 140
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gg-H-WW

Split in 3 channels: ee, mumu, emu

H --> WW --> Inulnu ~ 0.04pb @ 160 GeV

Associated production & VBF: +35% signal

2 high pt isolated leptons and high missing Et

T T 1T

=]

1 1 P i 1 i
20 40 &0 80 100 120

L7/

140 160 180 20u
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e ¥
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Di-Boson
WW: oxBR =13 pb
WZ: oxBR = 4.0 pb
ZZ: oxBR = 1.5 pb

Other Backgrounds
ttbar: oxBR =7 pb
single top: oxBR =3 pb

3
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gg-H-WW

Spin correlations COF Bun # Pratiminsry [eossm
2130 05 0 Jets Vv W+ e+ Vecjoc
. ] o 160[ M, =160 GeVic® +—r—:-—-!- ='L
» Higgsis scalar ! § 100 v W- e | =
" y20f D::-“-..

@ Correlations transmitted to decay products wuf
$ look at lepton angular correlations _

s s/vb ~0.06 --> MV discriminant

=
Ad(ll)
. e D@ Run |l Preliminary (2.50 fb')
Additional acceptance ; e s
[ multijet
% 20 Charge mis-ID —g
s Same Sign lepton from VH 5 - b
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» Low physics background but difficult = -
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i E = 0
= 3:_
1
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Reaching SM sensitivity for each experiment independently !

095 = 1.36 - osm(H) at Mu = 165 GeV (exp)
o5 = 1.55 - asm(H) at My = 165 GeV (obs)

c) — Observed Limit
D@ 5.4 fb" —-Expected Limit

 Expected £1 s.d.

Expected £2 s.d.

PRL 104, 061804 (2010)

95% C.L. Limit / SM

Standard Model =

_I 1 il | L1 11 | 111 il il L1 | L1 a1 L1 il
120 130 140 150 160 170 180 190 200
my (GeV)
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095 = 1.03 - asm(H) at My = 165 GeV (exp)
095 = 1.13 - osu(H) at My = 165 GeV (obs)

CDF Run Il Preliminary

CDF MNote 9887

IL - B

[vg

95% C.L./og,

k.
=
Ir

== High Mass Espaoiad -

19

Higgs Mass (GeV)
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Maximize sensitivity: combine experiments

H - WW: first joint DO/CDF SM Higgs search paper, PRL 104 061802 2010

Exclusion: 162 <m < 166 GeV @ 95% C.L

Tevatron Run Il Preliminary, L=2.0-5.4 fb™

LlEF' Exclusion

Expected
Observed

=
N
=
E
-
el
o
N
uw
=2}
M, =115 GeV
Obs: 2.70
Exp: 1.78

o P A R [0 T L
... Tevatron

v Exclusion
,....irl-:r.EIPﬂl.:t.ad....:...........:":::::'(....
| - +2c Expected Xt

Nnv¢mber 6, 21109

Sébastien Greder
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n 110 120 130 140 150 160 1?0 180 190 200
H{GeWc )

M, =165 GeV

1 Obs: 0.94

Exp: 0.89
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Prospects

Reminder: 10-12fb" expected !

1 {}llllrll IIFIIIIIIIIIIII!!I11TTITIIIIEII_
7 iw,ary 15,2009 | AR
: ‘-. }T’llﬂafy ............ ........... ............. .......... =

Probability of 3¢ Evidence
=]
(4]

“?: 'JKI‘L K = ; 3 __“__._”_'_.____.___j___________'_____________;__ W~
i e
0 (qféff’/#pgﬁ ] | { I | | Pl 11 | 1 11 | 11 11 | ; M (R AP | L ¢ ¥ 1 | I 1.1 1 l 1 1 1

100 110 120 130 140 150 160 170 180 190 200
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Expected Limit/SM

2xCDF Preliminary Projection, my =115 GeV

Summer énl:lﬁ [— —
Summer 2006
Summer 2007
January 2008
December 20068 2 ——. —
November 2008 2 - —

With Improvements  ——- —

Integrated Luminosity/Experiment (fb™')

10 1z 14

IPHC
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Introduction

Despite of success, SM faces theoretical difficulties
SUSY

> Solves hierarchy, unification of gauge couplings, LSP ...

u_

% Enriched Higgs sector !

s At least 2 Higgs doublets

2 4 6 8 10 12 14 16 18
Log,(Q/1 GeV)

» Large parameter space

$ perform searches in more predictive models
Minimal Supersymmetric extension of SM (MSSM)
» exactly 2 doublets coupling to down-type and up-type fermions
» After symmetry breaking, 5 physical states:

» 3 neutrals, h/H ( both CP-even ), A ( CP-odd ) » ¢
» 2 charged Higgs H*

Sebastien Greder 2e ﬂ IP"C
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At tree level Higgs sector described by 2 parameters

( other enter via loop corrections )

@ InA

» tanpf = ratio of vev of each doublet
Large tang regime:

» Coupling to b quarks enhanced by
tanp w.r.t SM ( production by tan®g )

'
& w ) —

1}

m 10}

2| 107}

K \*H 107}
107 Y

Tevatron Tevatron
B0 SM -’gmz N33, MSSM, tanB=50
© 10 _ © 10 ~:.. gg+bb+H
gg+bb-+H 39

100

200

300 400 100 200 300 400

M, (GeV) M, (GeV)

» h/A or H/A decenerate in mass. @

300

~250|

©
~

> 200t

3

€100 |

50|

0
0

IR < b
NTGHB ________ w
ErGO00G0001 > b
, . 24
Sébastien Greder

50

100 150 200 250 300
my, (Gev/c?)

IPHC
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MSSM channels

Search channels

ET scale: 12 GeV

@ BR(% — bb/t7t) ~ 90/10%

P> TT

» 2 production mechanism can be probed

®é - bb

> Overwhelming multijet heavy flavour background

Displaced
Tracks

$ associated production bb —» & — bbb(b)

Secondary

Vertex
Highly performance tau and b identification tools 7 e
> Tau are split in 3 types; efficiency ~60% tau, 1% jets \};U

Track
Tyee 1 . W "P° 2 Type 3 3 Tracks
/ +Cal % +Cal
TS, EM
Ta Sub-cluster Jet

v

25

IPHC
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b - T1T

Low BR but clean signature 3%, g,

o,
THTH Te’ce 6/°s

41%,

ThT
» 3 channels: ee, mumu, emu "

»  Signal: 90-300 in 10 GeV bins

23%, T,T,
»  Main background: Drell-Yann 7t ( irreducible )

20
» Final discriminant: visible mass o~

myie = \/ (71 + P72 + Br)’

TeT, channel

CDF Runll 1.8 fb-1 | |
MSSM ¢—1t Search
Preliminary

+ observed
. . : 80+ [ A—tT
DZ Preliminary (1-2.2 fb ™) ]z =t
> 8 [ other EW, tt
§ 10° g_ . Multijet & Wajets 40 B jet fake
2 i Other EW & 11 % 50 100 150 200 250 300
2
% 102 m,, (IGeWc )
(]
u’_‘l —— data
i -m-. M,=160GeV (c = 30pb)
10E E
18
: '.|' | bt .I'I.i .|| !..I i }.;..i | ..I :
0 50 100 150 200 250 300 s - B
Visible Mass (GeV) 100 150 200 250 300

m, (GeVic?)
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Lower cross-section/branching ratio than bbb

> But cleaner signature, orthogonal to phi tautau

Look for one isolated lepton + hadronic tau with opposite charge
+ 1 b-jet: high background suppression, increases signal sensitivity

»  Main backgrounds: Z+jet, multijet and tt

» Final discriminant:

Neural-Net against tt and LH against
multijet: D = NN x LH

-25 3

o [| D@, 27 b * Data

= B Z+jets
£20 I Multijet
::5’ it

Il Other

.Observed limit
- (c) — Expected limit
20__ LEP
i D@, 0.3 b
A e s
090 100 110 120 130 140 150 160 170 180
1 M, (GeV/c?)
D

Sebastien Greder el ( l P“C
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Look for peak in invariant di-jet mass spectrum

s« Challenging backgrounds: heavy-flavour multijet ( bbb, bbc, ... )

% use data-driven methods
» Updated analysis from CDF:

Di-jet mass

Bachground Templales SOF Fran Il Preliminary

-
o B

:
EEEER
FEEE

fraction{15 GeVic®)
-

0ars
.05
0naz2s
I:|5Iill . '"!Iﬂ . I1;|JI . Ii‘lllﬂ 250 300 asn
dijet mass m_, (GeVic')
+ tag information
T oump light
E i haemm
g 13 bt
E— wis F
ans - L

[ 05 i 15 2 25 1 as 4

i [GeNeT)
Sebastien Greder

] 1 2 3 4 &

Bast Ml (with signal templata) co

MEun B Pradiminary

&

L 250 £ asn

dijet mass m,, (GeV/c?)

Bees! Fil [with signal templala) COF Mun B Praliminary

& ) B k|

flavor separator x, . (Gevic) ’.
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Exclusion limits at 95% C.L

Cross section: exclude any (narrow)
resonance + b

In MSSM parameter space,
increased width at high tan beta

( see back-up slides for other scenarios )

'%- i LIS I T o S LI TP S S IR (L W S [ TR i O
“"T | D@ Preliminary, L=2.6 f6 7
0-pf my, max, p=-200 GeV 7
Hm:—; gh 7o b¢ —
C o
80—
l'll.l': E ) ]
40:—“'], -
H :I Excluded Area
Ik - Expected Limif ]
M s T s T rr—t———) - -
L1 LK) 120 141 {4 IHLI "'LIH "":'IJ
m, [GeVic']

Sébastien Greder 2

"b® > bb+b

—

o(pp—Hsb,,)xBR(H—bb) (pb

B5% C.L. upper limits COF Rumn || Prediminary (2,540

120
=== gxpected limit
100 B 1oband
[ iz band
B0 observed limit
&0
40
20
u A 'y L L I. L L A 'l A L
100 120 140 160 180 200
m,, (GeV/c?)
200 5% C.L. upper limits COF Run |l Preliminary (2.37k}
180 expected limit
1o band
160
2o band
140 observed limit
120
100
BD
ED
40 m, ™ scenario, |1 = -200 GeV (4 =-0.21)
20 Higgs width included
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Tevatron MSSM Combination

D0 combination across channels
s - 172207, bd — brT (1.267), b® —bbb (2.6/")

s  Same toolbox as SM combination

s Expect new Tevatron all channels combination by this summer

D@ Preliminary, L= 1.0-2.6 fb"’ _ D@ Preliminary, L= 1.0-2.6 fb’

=

ne mixing, y=+200 GeV¥

i, max, u=+200 GaV

- [ Exclulesd by LE® = Exmertad it
20 — ] BT 20— [ Expeosd iniz iz
Expeaied (il EEEEE Expeoes Nt 20

] Expeiadimit 1=

K EET Expeciad linit+ 30 i
L T L) Ll | IR B L s | - | L |- i i i J i - ] L i T ] i | | i
100 120 140 160 160 200 220 100 120 140 1680 180 200 £20
m, [GeVic] m, [GeV/c’]
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Tevatron MSSM Combination

$ - vt update

s Improved theory interpretation

« Similar sensitivity to D0 all channels

s tang > 30-50 excluded for m_ up-to 200 GeV/c* ,P@

4

2 B Tevatron Runil Preliminary 1.8-2.2f5" =.100g Tevatron Run Il Preliminary, L= 1.8-2.2 fb"
S L% £ gt m, max, |i=-200 GeV
g Expected i ;
105 Expecled t1o ' [T Excluded by LEP
= [ 4, 77 Expected +20 7ok i
ﬂ B ’f’,-%:& Expacted lim + 1o
_E . -,;%F 60 Expuctad limil =2 o
$ 505 ﬁ\\\\% -
; iy, NG N
v iy, | NI
g = fffﬁfﬁgfw a0- N\ \%\W
- AN
N If’-:ﬁ?,—?ﬁ 30 :“\%x\\\\ ____—-ﬂ'gwxx
_ iy, . R
E ,ﬁﬁﬁ 20 S
i 10
| I I 1 I | I i .III.I SRR A TR LA
10" 500 20 ia0 160 180 200 100 120 140 160 180 200
M, [GeV] m, [GeV/c?]
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Ifand m_<m
H top

Exploring low tang: charged Higgs, H*

Two models:

: search for H in top decays

» Tauonic: H —» taunu & Leptophobic: H - cs

Search dilepton, lepton+jets, lepton+tau top channels

95% CL Limits on BR(t—=H+b)

Phys. Lett. B 682, 278 (2008)

> Leptophobic > 0.22, Tauonic > 0.15-0.19

CDF Run Il Preliminary [2.2fb'1]
I e
T 0.5 :_ ........ ............ ........... Observed @ a5% C.L.
= F — SMexpecled @ 95% C.L.
.‘_E 0.4 :_ ........ ............ ........... I:I 68% of SM @, a5% C.L. -
; E : |:| 95% u_fsm @gs%p_L_
': 0.3 H H H H H
1 B
=
,u-z__ ........
0.1:_ ........ ........................
VDT FURE FUUUE DU D TP FUOTE Y
% 90 100 110 120 130 140 150 160
M( “)[GeVic?]
Ve [ ]
Sébastien Greder

o |

C 200
] J
o]

100

Theoretically inaccessible
Expected 95% CL limit
] Excluded 95% CL region

"I ST T N [N U ARSI S [

m,-max scenario
D@, L=1.01fb"

80

90

100

110

120
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130

140 150
M., [GeV]

160

event

—y

o
w
|

D@, L=1.0 fb'
B(H" — tv)=1

® Daia
tt Br(t — H'b)=0.0
tt Br(t — H'b)=0.3

A0

— {t Br(t > H'b)=0.6
background

& ]
v

——

I [
l+jets 1 tag l+jets 2 tag

T |
dilepton  t+lepton

event

210°-

DO, L=1.0 fb'
B(H — ¢ §)=1

¢ Data
— it Br{t - H'b)=0.0

10

tt Brit —» H'b)=0.3
— tt Br(t —» H'b)=0.6
background

I

F
E 3

—

| | |
l+jets 1tag l+jets 2tag dilepton  t+lepton
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- Beyond MSSM: NMSSM Searches

MSSM m <135 GeV & EW fits: < 154 GeV @ 95% C.L E P ‘:L- W/

Al A ' "'ul:

s ButLEPm >114.4GeV ..(>82GeV for any Higgs decay) 2 tracks™ "~ | = _
1 muon - f‘* B,

NSSM: altered Higgs sector :

@ Two additional pseudo-sealar Higgs bosons (s and a)
@ h — aa dominates

If m_< 2]]11_, dominant decay aa = puun

@ Backgrounds: multijet, Z—up

@ Limits:oxBR <5-101b

i s e T T J— . -
a BR(a-up) < 7% Limit m_> 82 GeV 5_13 ~Observed lmit DO, 4.2 15" go|| po.szw
EE-- E B h_ — 8@ —pptt
If2m <m < 2m , look for: aa = pputt =7 & | —— Observed limit
T . b T m 6 - Expected limit
X Bt X5 | — Theory
@ Backgrounds: multijet, Z+jets, ... ‘ia §4 e
L3 3
=] L.
@ Limits:m > 86 GeV 21 21 |
Nt 1 %Eﬂ-.:..n.i.:.l.n..n.n.n.n
Phys. Rev. Lett. 103, 061801 (2009) £76 0TI W e e R i
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Susy
Searches
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Searches at Tevatron assuming different breaking
scenarios

» MSSM, mSUGRA, GMSB,

Typical signatures

s Jets and/or leptons + MET due to escaping lightest
supersymmetric particle ( LSP )

HjH = 2 MET=180 HT>330 CDF Run N Preliminary

s e.g sgluinos/squarks in mSUGRA

E I Diboson
C e
i I hop
~{1 ~{] 1w = S -I.I‘I—u.-'-.-
- : kb
qq — 44 X1 X1 F ; - CJoco

e Tal.Sysl noertainly
== Data|L=2 0

G5 — qqq X X}
J7 — 4qqq X)X,

avents / 30 GaV
=
"

; ;_ T B u
; - :-#.“Ee. _
‘n-'l I Jpﬁ"‘.’l"r’ﬂ | I
50 R 111 150 i} 250 300 B0 400
missing-E{[GeV]
. 35
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MSSM 7
> BR(bl-->X b)=100% .2

= Require at least 1 b-tagged jet P

— 1 1 1 1 1 1 1 1 |Il 1 1 1 1 1 1 I 1 1 1 1 I 11—
D0 Run II Preliminary (4 fb') —observed
-« Expected

-y
A
L=

DO Run Il Preliminary (4 fb™)

1 | I | 1 | 1
= Datn
— Tatal background

— LO {220 GaY)
W Top
W ZuE Zoo
Z+light jats
WhE, Weor
Wlight jats
Dibosan
B Multijat

3

Events /10 GeV

-
=
TTTTI

Neutralino Mass (GeV)
=
=]

S &8 &8 8

_ 0 100 200 Emn'-n 400 100 150 200 250
E; (GeV) Shottom Mass (GeV)
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Stop pair production

MSSM
> QCD extracted from data

» Sensitivity optimised with NN

i
CDF Run Il Preliminary Jrea=zsim

—_— Chsarvad Limit (85%% CL)

-
]
=

----- Expectad Limit (=10}

@
=]

&
=]

Neutralino Mass [GeV/c?]
3
o

o
=]

LEP &1 = 55"
LEP @1 = 07

5 cDF 295 pbt
B oo 995 pi!

Rt Rk

i i I i i i I i i i h"‘-\. 1
60 B0 100

120 140 160 180
Stop Mass [GeV/c®]

Sébastien Greder 4

= t, is pair produced
= BR(t,->bv*) = 100 %

. E‘:‘
Ky

C

'MSSM scenario with conserved R,:
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RPV Tau sneutrino

RPYV violated scenario

s Tau sneutrino is LSP
s> Lepton flavour violating channel

s Very clean signature

CDF Rumn Il Preliminary 1 5 : @u Chanmel

a— 107 T T T = T —
g [ #.(500 GeVic') signal o
s b 5 _ b
9 o By =010, b, =0.05 =
= Data l‘—"i-
l-E I Fhyslcs Backgrounds ‘E
10 Fake Backgrounds
i m
= II K
. 17111 5
-
O
] |
10 2
4
10% }
~ ibg 2080 300 400 SO00D 8O TOD
Invariant Mass of ep (GeVic®)
38
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v,

Signature:

high pt u/e
pair.

25
EI]E
IEE
II]E

5F

= D@, 4.1 5" preliminary

= — Observed Limit
-- Expected Limit
[ Expected Limit 10

[ ]Expected Limit +2 o

STl 150 00 350 300

M. (GeV)
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Many other searches

> :

» GMSB, diphoton ﬁ ) ]
» Hidden Valley dark photon g
13 —

s (Chargino/neutralino ( trilepton )
@ ] _:
Sparticles exclusions 03 .
I | I I ]

» gluino/squark up to 390 GeV 120 140 160 180 200 220 240 260 280 300 320

» Light sbottom / stop up to 250 / 200 GeV chargino mass ((ieV)

» Chargino / neutralino up to 150 GeV

Sébastien Greder =




No evidence of (BSM Higgs ... yet, but:

s+ Tevatron and experiments are
performing very well

= Expect to deliver up to 10-12fb* by 2011 !

+ On-going tools and analyses improvements

« tang ~ 20 for low m in reach Gy =GV, p=2003EV, My=2

Ebd-like + Honstandard Higgs Searches, 10/~

+ SM Higgs exclusions — MSSM constraints
s  SM-like / M5SSM-like Higgs searches interplay
a See P. Draper et al., arxiv: 0905.4721v2

s Potential to probe @ 95% C.L large MSSM
parameter space

Exciting ahead, keep tuned ! R R 1 e M AN -

M g G

Sébastien Greder

http://www-d0.fnal.gov/Run2Physics/WWW/results.htm I P"c
http://www-cdf.fnal.gov/physics/physics.html

Js:th'lu dic finaire
umsn,



http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
http://www-cdf.fnal.gov/physics/physics.html

Back-up

Sébastien Greder
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Conclusion

MSSM benchmarks

e Five additional parameters due to radiative correction
> Moy (parameterizes squark, gaugino masses)

> X (related to the trilinear coupling A, — stop mixing)
> M, (gaugino mass term)
> U (Higgs mass parameter)
> Mgino (comes in via loops) M mex o midng
B 1 Talf 2 TeV
X, 2 T=V o
200 GV 200 =V
e Two common benchmarks M
» Max-mixing - Higgs boson mass £
my 200 =W 1600 Gal

m,, close to max possible value
for a given tanp

» No-mixing - vanishing mixing in
stop sector — small mass
for h

42
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Conclusion

Neutral MSSM Higgs — bb + b[b]

g0’ ey
« Signal prediction o - -
» Pythia hb MC Wl - -
> Weighted to match NLO MCFM W;"* — iy
= Kinematics of spectator b-quark wif_ ‘_ Pythia: LO |
|

 Final limits corrected for: N coT "

> Width not negligible at high tanB aX B °2E Gev
» MSSM NLO Corrections
= FeynHiggs

Sébastien Greder =

tanB=60 - r:= 12 GeV
tanf=80 T =22 GeV
tanp=100 ;'i“¢=34 GeV

1

ol

0.8k

0.6F

P

0.4F

g
i

0.2

=60 B0 100 120 140 160 180 200

mass spectrum (GeV)




MSSM evolution

h/A/H -TT
95% exclusion sensitivity

4fb-1

260 pb™!
No mixing
’ [] Max. mixing
1t~ (DO 2107
o 12~ (D@ 4fb7)
= 14t~ (DG 8fb™)
RTINS 8 Alone
20 R //;-/;%/, > CQF
SRR L P ;
60
80 100 120 140 Each, :
my (GeV) Combined 3
[=a}
<
S B
30}
20—
05—
44
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Fermiofobic Higgs

Fermiophobich > yy (3.0 fb)

CDF Run Il Preliminary

oxBrth—vvy)fb

—=— Observed limit
Benchmark prediction
Expected limit
1 sigmaregion

10

2 sigmaregion

ol e aa o by s b la sl aa g oo Mol

80 90 100 110 120 130 140
m .., (GeV/c?)

Sébastien Greder

D@, 4.2 fb' preliminary - data
[ direct yy
B jy+ii

[ 1ZNiy*->ee

Events/5 GeV

L 1 1 l 1 L L l L 1 L l L L L I L 1 1 l 1 1 1 I
60 80 100 120 140 160 180
M, (GeV)
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