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The Standard Model and “MEXICAN HAT”
the Higgs mechanism

One pseudo-scalar doublet ® (4 degrees of freedom)
V (®) = g0 + A(PID)?2; p2<0 A>0

After spontaneous symmetry breaking:

« W* and Z acquire masses (3 degrees of freedom)

* the last remaining degree of freedom (4-3=1):
scalar CP-even Higgs of unknown mass
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After the LEP limit (m,_,>114 4), the Higgs
hunting requires an higher energy Collider !



What do we know on Higgs mass

Precision electroweak data are
sensitive to Higgs mass
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Global SM electroweak fits

provide (recent) upper limit :

M,=911%,, <186 GeV @ 95% C.L.
(July 2008, with recent Tevatron results)
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After the LEP limit (m >114.4), the Higgs hunting
requires an higher energy Collider !



What type of particle to store in a Collider?

e Particles must be

— charged
« accelerated by electric fields ( Energy = charge * Voltage-difference)
« steered and focused using magnetic fields (p =g 0.3 R B)
— long lived
* best : infinite life-time
 but : due to Lorentz factor yt, the life-time in the accelerator can be
reasonably long

« example:

— Pions, 1=2.6x108 sec, E=200 GeV, y = E/m = 200/0.140 = 1428.6, yt =0.04 msec, v = ¢, =
average distance travelled = ¢ y t = 11 km, good enough for fixed target experiments (CERN,
PSI,...)

— Muons, t=2.2x10% sec, E=200 GeV, m = 0.1 GeV/c? = yt =4.4 msec !, average distance
travelled = 1320 km! ( there are ideas for a muon collider!)

 |n practice for colliders up to now:
— electrons, anti-electrons, protons, anti-protons



Lepton vs Hadron Colliders
Synchrotron Radiation

 Energy loss per revolution

2 3 4
AE =5 P ,B:X 7/:E R = orbit radius
3¢, 27R C m
L EY[GeV]

AE[GeV]=5.7%x10
R[km]

= Example : LEP, 2rR=27km, E=100 GeV (in 2000)
O AE = 2 GeV!!
O LEP at limit, need more and more energy just to compensate energy loss

= Note : for ultrarelativistic protons/electrons ( =1)
AE[p]/ AE[e] = (m,/m,)* = 10713 11



How much beam energy is really
available for producing new particles?

. 4=
 Inane‘e collider: e
— practically all of it L4
— However: Photon radiation in the initial -
state can reduce the effective E, Y.Z
— particularly important when close (in energy) to i
a resonance £
10°
« Advantages: LEP
— energy very precisely adjustable, for example, to =& 4+ oa= s hadrons
be at a resonance (e.g. Z: 91 GeV, g F
Upsilon: 9.46 GeV) where the cross section 3 - \\x cESR DORIS
|S Iarge Lé; 10° E_ PEP PETRA
- % - TRISTAN
 Disadvantages: = oL
— When looking for new particles with unknown = s
mass: Have to scan “manually” the beam energy P I B T L e 4 Biwe:
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Proton structure

= (Anti-) Protons are a quark- )
gluon soup

O 3 valence quarks bound by exchange of gluons d
O Gluons are colored and interact with other gluons

O Virtual quark pair loops can pop-up generating
additional quark content (sea-quarks)

Proton

S

O Proton momentum is shared among all constituent 9 g
partons (quarksé& gluons) WQJW

Virtual quark loop



How much beam energy is really available for
producing new particles?

 Inan proton collider :

— hard interaction due to partons
- Effective Ecy? = X, X, Ecy?

— Xy Xp <<1

« Advantages:

— because in every collision the x; are chosen
“at random”, there is a natural scan of
effective E,, : good for exploration of
new energy regime (for new particles)

 Disadvantages:

— effective E, not adjustable by operator

— since in general x, # X, : centre-of-mass
system boosted w.r.t. to lab system

i )_CF measured in DIS
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Lepton vs Hadron Colliders

« take e*e- annihilation to quarks

e*, e are point-like particles (to our present
knowledge)

colliding particles do not carry colour
charge = no interference between initial %"
and final state because of strong interaction
(gluon emission)

—> theoretical calculations are “easy” and
precise

= take proton-proton collisions:

Time

Electmweak
Frocesses

Typical Monentum

Transter at LEP-1

O protons are made out of quarks and

gluons, actual interaction is between these
partons

parton distributions cannot be computed
from first principles, only determined from
experiments

colliding particles carry colour charge =
Interference

—> theoretical calculations are very

Beam
particles

N
for8(xp, Q2)

“difficult”, and not very precise

Parton distributions
measured in DIS

Hard sca tering
parton subprocess

Glab = X)

Beam fragments/
spectator jets

X = momentum fraction —



Fermilab TeVatron
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Tevatron Collider

Collider Run Il Integrated Luminosity
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Running well...

e surpassed design instantaneous luminosity
e delivered over 5 fb! to each experiment
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THE TEVATRON AT FERMILAB

p p collisions at /s = 1.96 TeV
Peak luminosity 2360 x 1039cm=2s-!
Tevatron delivered #5.5 fb-!

D@ collected 4.7 fb-1
CDF collected 4.5 fb-!

Tevatron is performing extremely well
- Integrated over 250 pb-! of data

in January 2009

- Expected 6-8 fb-! by end of 2009

- Run in 2010
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‘ Tevatron Accelerator I

1992-1986 2001-2006 2006-7 e “hic “"'m
Run | Run lla Run b | ' -
Bunches in Turn 6 6 36 36 36 36
s (TeV) 1.8 1.96 1.96
Typical L (cm2s) 1.6 10%° 1x10%2 28 10%
| Ldt (pb'/week) 3 15-20 50-60 B
Bunch crossing (ns) 3500 396 396 e,
Interactions/crossing 25 2.5 7.0 Main Injector |
& Recycler
Integrated Luminosity 5954.12 (1/pb)
6,000
5,500
s om0 Current status:
S 4500 «  Typical instantaneous luminosity:
3 4000 >3.0x10% cm2s™!
é 3,500 Record inst. lum.: 3.6x1032 cm2s-
5 *  Integrated lum./week: ~60-70 pb"’
E 5000 * Delivered ~6 fb-’
E 1,500
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® Fiscal Year 09 o Fiscal Year 08 & Fiscal Year 07 e+ Fiscal Year 06 = Fiscal Year 05 3
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The Detectors

CDF Il Detector

i
ol Muon Scintillators |
——

51— Muon Chamberd

. i’ ] il !. £ )
€ Compact tracker,
€ Large muon coverage



Higgs Production

Q00 « dominated by gg—H,
> H  Sizeable contributions from WH/ZH
990 * use all contributions in analyses
: E o(pp >H+X) ~ 1pb @ 115 GeV
>T< SM Higgs production
T L L L L AL L L L L L
q W 103? gg—h
. . olfb] | 1
- qq — Wh ]
z 102\ E
- qq = qgh - .
q z : \-\_
q q
10 E qq — Zh =
W& C
H £g,qq — tth
Wz - TeV4LHC Higgs working group
a a 1 L l
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. ey SM Higgs search at Tevatron .o,
* Production

-: \Rﬂﬂa 5 wﬁg_ﬂ 1. Gluon fusi.un (0.8~0.2 ;?b)

5 . e § 2. WH associated production

T ; (0.2~0.03pb)
N 3. ZH associated production
PR TR (0.1~0.01pb)

100 120 140 160 180 20

Higg;h.‘.asHGEWn:’}ID ° Decay
~- — my <135 GeV
H = bb is dominant
— my > 135 GeV
H-> WW

Analysis Strategy . Background

my <135 GeV " top, Wbb, Zbb

Branching ratio

0.1F vr
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ety T m. > 135 GeV Ww, Wz
Gluon fusion + H->WW @ Drell-Yann



Low Mass SM Higgs Searches

b-tagging (B lifetime (1.57+0.01 ps)

o) WH - C(M)V —|—bb Based on signed impact parameter
— resolution
° ZH > (ee / vl H)VV 4+ bb Jet Lifetime Impact Parameter algorithm

Based on decay length resolution
Secondary Vertex Algorithm

e Measurements rely on
- b_'|'(199|n9 ............................

« Lepton identification +
Missing-E; resolution
« Dijet mass resolution and
light/b-jet calibration
.« Z>bb Hard Scatter

= Understanding of backgrounds
o W/Z + heavy-flavor/light jets




/dentification of b-quarks (b-lagging)

Most sensitive channels have H—bb

Silicon detectors used to find secondary vertices
Efficiency ~40 - 70%

Fake rate (mistags) typically 0.5 - 5%

DO uses Neural Network tagger based on b-lifetime
information. Can use multiple operating points.

» CDF utilizes secondary vertex and Jet Probability
algorithms + additional NN flavor separator

b-Jet Efficiency (%)

Tagger
+ NN

-« JLIP

. . p. = 15and Alln |
» Use either single tag or looser double tag L PP rover svwer rovey rovwn rever reeil IO N
056 1 15 2 25 3 35 4 45
) Fll_vm Rate (9%)
. c/l-like b-like
05 SecVix Tag Efficiency for Top b-Jets < >
o 06 - . ‘
Jet % r Tight SecVtx [J W+bottom
s 05F W+charm
Displaced tracks ;‘:) B Loose SecVix [] wH+light CD F
o I
/ g% CDF |t
Decay iting //@gecon . _ 3l Jet-Flavor Separator
[ -
Primary vertex .~ // 02:_
%0\ S o F Top MC scaled to match data
« ” e "I Onlyb-jets with E_>15 GeV
PrompttraCKs b-tag : Identlfled O -I L1 I¥I IJ| L1l | 1 I-ll-l L1 | 111 | L1l I | .| I L1 | | 1 1
2nd vertex 0 02 04 06 08 1 12 14 18 1.8jet n2'1 o5 5 55 ’
i Neural Network Output
®




e The Challenge:
extract Higgs signal from a background 10
orders of magnitudes larger

1. Trigger
* High p; e,u triggers
« MET + Jets triggers
« Track + MET + Ecal t-trigger

2. Reconstruct final state
» Leptons ID (optimized on large W/Zsamples)
- Efficient b-jet tagging (NN tagger based on
b-lifetime information)
» Good jet resolution
 MET reconstruction

3. Background estimation is crucial
* MC predictions: W/Z+jets, diboson, top,...
« Data driven: mistags, QCD
« Exhaustive checks in control regions

4. Advance analysis techniques to separate

signal from background
e Neural Network, Matrix Elements, Boosted
Decision Trees,...

Tevatron Run Il, pp at\/s = 1.96 TeV

10
5107
a 1lets i
=10°] = o CDF Preliminary
= i | Heavy Flavor = CDF Published
:%310 1 :* M Theory
01074
8
G 10°4
c ]
21074 W
9 1 - Z
B 10%4 a
T 10°]
102 8 g New
i ||~10 orders tt yz Single Physicg?
104 | |of magnitude! i Top 2
15 v 8 "% 77 Higgl
10‘1—2 P
10"2 J{HTwlzlwvlalw"_I WlfIQIH[NP
©fs ay,, F’ayc v S¥ 2 >y, ?
Jet
Displaced tracks ,'/
Decay lifetime k;awn/ .
y/// dary vertex
Primary vertex
do\«/
Prompt tracks
1T Jsignal ©
Background A

10

R ANSY

R

0.6 0.8 1
Likelihood
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. .9 Tool: Multivariate Analysis (MVA) Lo tass

In order to maximize sensitivity
* Neural Network (NN)

— Well known technique.

Major Inputs

- Dijet mass
. - Pt of dijet
» Boosted Decision Tree (BDT) - Wpt, z,J]t
— Relatively new. - Sphericity
i -0 X
— BDT is fast -ERJJF}M'E Anjj

-» can handle more inputs.

* Matrix Element (ME)

— Event probability can be obtained by integrating ME.
— Input is 4 momentum vector for each objects.
— Need huge CPU power.

These three approaches are often combined by Neural Net / BDT.
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. .9 How to search higgs at low mass? o rios

a » Br [pb]

— MNNLD, ona lepton flavaur

- — g — WH— hbb
—gq—= ZH — llibb
qq - ZH = vwbb

10%| — gg — H — WWw _;Ils,-h,- \
1 1 1

100 120 140 160 180 200
m,, [GeV]

ZH>vvbb WH-=2Ivbb ZH-2Ilbb Extension:
MET+bb I+MET+bb 2l(e/u)+bb H-> vy
Rich signal Rich signal less signal VH->1 + jets

O-lepton 1-lepton 2-lepton ttH->ttbb

: ‘ Signal from




Two charged leptons:zu — ¢te-bb, ¢ = e, u

» Fully reconstructed final state e Dam |
> Two resonances: H—bb and 7 —II E._u: 4 1.1fB! :gcﬂs
= The dilepton mass cut M, =M, o E“wz e
S
. _ - =77
» Dominant backgrounds: = — P
« Z+jets (irreducible Z+bb), top, dibosons E
» Small oxBr: ~1 event/fb-! il
« Acceptance is crucial: employ loose b-tagging E "
= Analyze events with at least one b-jet .g
2
m. 2.7 fp-1 b E:‘ W b 40 60 80 100 120 140 160
o @ g, B Leading-Pt di-jet mass (GeV)
= 167 Owe gy, Omistes
T W @z [ uncertsing
-
IE 124
5 ':: Special technigues:
5 j = Correct jet E;'s using MET=> JER improves from
g ° 18% to 11%
43 = Lepton coverage: stubless u's, forward e's:
2 improve limit by 10%
0 50 100 150 200 250 300 350
M, (GeVic)
i 24




Two charged leptons: ZH—)KW‘I)E, (=e, Ll

» Improve analysis sensitivity: 8'°2§ :8?3‘3
> CDF: Matrix Element and 2D NN S | — Z+jets
> D@: NN for ee and BDT for uy channels E10- itzt“’b(cc)
Q -
T Wz
'S 1L =zz
M = U —ZH 115
2 8
: S .
= 210"
2
Z
-
Z

Neural Network output

. P ﬁ
_____ ZH Neural Network I Mi=115 (fb- EVtS limit
CDF ME (M,=120) 2.1 14.2
CDF NN 2.7 2.1 9.9 7.1
D@ BDT 2.3 241 2.3 11.0
Limit/SM @

my, =115 GeV/c?
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. ) 2 lepton: ZH->lIbb MVA and result o2,
« D@: NN, BDT(part of u channel)

0% Aunlt Prelimisary 1.2 107 | e

' =i O e - e s s ey e .
A .I*cf"%tq-..*. S ;0 ﬁ::EHfE— ‘ a_;|::,::: _RESLI":.
& F U} i } e o B . _—]:I_L“-_;;:::_, N . . f. t
I 7 B W[ MR O signitican
g Igin e J—'I E excess.
ﬂ'-hlﬁl£ ;J_:-rn: ;_'.éﬂ.é '1‘-."-‘2"""155" “-:.-a o T T iy Ln |.c|;.n Limit; SM
@ m,=115GeV

OF Plusle pratia e 1.2 18

e CDF: 2 dimensional NN

D HN cutpul for B

-1-

CDF Run |l Preliminary (2.7 fb™) Dg 23 fb -
:u_b:Hnlgﬁhth ;"n: 3 =I'-|m Exp . ‘12.3
R e obs : 11.0

Mumber of Fyenis
Boa s B

CDF 2.7 b :

exp: 9.9
0 04 02 83 04 05 Q6 BT OB 09 1
'Il,l',-'l;.ﬂiﬂ;ﬁhlgrhu?ﬂurgw,ﬂl-l.&:i: Dbs : 7.1

=
th o h
[N |



One charged lepton: wH — ¢vbb, t = e,

CDF Run Il Preliminary 2.7 fo '

» “Large” oXxBr, clean signature

_(13 240" P Wetcmom
- Acceptance to about 3-4 events/fb! S 220 Eﬁmﬁ?“
High Py leptons, MET and =2 jets % 200; g
» Dominant backgrounds: § 1% = e
- W-+bb, top, diboson, QCD multi-jet § :2i e
120&-
100
D, s
w Q,E - 2.7fb! E:u:h::s 40"
E Wi a0 e Ol
2 ::; 20 40 60 80 100 120 140 160
E Owrix o Transverse mass of W candidate
3 » Special techniques:
3 - CDF/D@: at least 1 b-tag, loose double-tag
= - CDF/D@: ME to discriminate signal from bckg
E [ - CDF: loose muons, NN-based jet correction
%50 100 150 200 250 300 350 400 D@: forward electrons, events with 3 jets

DiJet Mass (GeV)

26




One charged lepton: WH — ¢vbb, ¢ = e, u

[— ﬂ".—!-rllﬁf‘mn I* '.;\ |
R w.ob
T Wecl Wee
2.7 fb' |-
1§y' Top

» Improve analysis sensitivity:
o CDF: BDT+NN — SuperDiscriminant using NEAT .
- D@: NN for events with 2 jets, Dijet Mass for 3-jets ]

Events

Othver
o Data

0000

1

: W + 2jets / 2b-tag 10"
2.7 fb! S

80 1w + jots 107

- W muttijer

="' i 10°?
Wob

> -

UONPIIY Of PEZYRRON

L)

60 W oner 0 0102 03 04 0.5 0.6 0.7 0.8 09 1

SuperDiscriminant NN

Analysis | Lumi | Signal | Exp | Obs
M, =115 |(fb')| Evts [limit| limit

Owxx 1o

[ CDF NEAT | 2.7
02 0 02 04 06 08 1 1.2
2 b-tag NN output DO NN 2.0 N33 10 6.4 657

Limit/SM @
my, =115 GeV/c?
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1 lepton: WH-=>1v bb result Search at Tevton

DD : NN wih ME + 7 Var.  §™ orw — waw=w | Result:
T o - No significant
ME & e « excess.
" “ Limit / SM
i x| @m,_=115GeV

42 0 02 o4 e 0B 1 1.2
ME discriminant

-D.E 0 02 04 06 0B 1 12 Dg 2'7 fb-.l:

. . 2 b-tag NN output exp . 6 4 ;
CDF : NEAT with MEBDT + NN obs - 6.7 "

—“MEBDT— P
” NE Uro 2 cr;.; nuu-lrl F':In.-iuﬁu:.-_ L=dTE = “ .
B[ | Bowoa | JI =" | CDF 2.7 fo:

Augmenting 3 e .
Topologies : exp . 4.8

obs: 5.6

exp | Obs
| , - BDT| 52 | 6.2
T02 03 b4 as G o 8E ae NN | 5.8 | 5.2

NN Output

IllZl.l!'CII'l.ill.lI|l|"|.|I



Zero charged leptons:VH —HErbb

| OCD Rejection NN, Signal Reglon, ST4JP |
» Large signal acceptance: 7z — vvbbh/ WH — fvbh ° 0f Al el 2
= Acceptance to about 3-4 events/fb- 14
= Large MET and =2 jets
= Information of W/Z missed: no strong constraints
» Dominant backgrounds:
= QCD with fake MET, W/Z+jets, top, diboson

h -

& oo}

g8 |

v S0 5 1 15
u QCD Rejection NN

£

w

» Special techniques:

» CDF/D@: data-driven QCD model, track MP;

- CDF: at least 1 b-tag, 3 tagging channels,
NN-based event selection (QCD rejection
NN), track-based jet corrections

CDF: accept W[/ — tvhb with hadronic T

lllglll

= -
" Didet Imariu:ﬂllm[ﬁn"r’]

28




Zero charged leptons:VH —Erbb

| NNoutput, Signal Region, ST+ST |
» Improve analysis sensitivity:

> o cnfnmnpmun‘
- CDF: NN with separate training for 2 and 3 jets . -

-r-.'-
> D@: BDT for double tagged sample 40 e

S

B zmenr

Teapandiny

— et e

Events / 0.05

. 21, X |
0.5 15

NN output -

_ﬁ : Analysus Lumi | Signal | Exp | Obs
il e il M =115 | (fb-1) | Evts |limit| limit
01 02 03 04 05 06 07 08 09

BDT output - CDF NN

D@ BDT 2.1 37 iS4\ T75

Limit/SM @
m,, =115 GeV/c?
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@D oot vH, VBF > tau + el

Search tau + jet final states from all production:
Gluon fusion, W/Z associated, Vector Boson Fusion production

CDF 2 fb-': 1+ 2jet D@ 1 fb': EW

Train 3 NNets against 3 BG (it, Z, MJ)  tt+ij, Train NNets against each BG.
tv+bb: Use dijet mass

C
KS prob = 63.4% CDF Run Il Preliminary g T5E — Data
E ; —=— Ohserved (L= 2.0 fbY) E 14 {G:I Wijets
l% [EETT] Jot — 1 (QCD+W]sts) A Ztjels
0 — Top E 12— T I Multyet
= AT 7] DibosoniZ — I . :_ Ll T?P
10
m: BARE] Z— 11+ jets - L EIEDSQP 20
10° 77 Higgs(M =120}-30 8- = Higgs Signal x
i of- |~
'Iﬂz : \ :_ ‘~V
1 :I:E + i | i l:'i ?E—
uﬂ'"'m:"' JI'uz t;la ¥ ] IEE:I::E-' EE EEE ] ﬂuu ok
Min{NN{Sig_Z).NN(Sig_Top).NN(Sig QCD)) ' T
- Limit/ SM @ m,, = 115 GeV
Limit/ SM @ my,; = 115 GeV Final state exp Obs
ttjj exp: 30 obs: 24 tv bb 42.1 35.4
11T ] 42.3 44 4
combine | 27.6 | 27.3




Ad d - 2% I h I Al! limits on
|t|0na C anne S this page at
MH=115

» D@: ttH->Jubbbbqq (2.1fb™) DO Runll 2.1 fb” Preliminary &0
- Scan the distribution of H;: scalar sum of je ¢ F |00 TH->1160
- 4 or 5 jets, 1-3 b-tagged jets =l — i
« Exp (Obs) Limit: 45.3 (63.9)*SM ’ e

» D@: H->vy (4.2 fb-) + —
> Scan the Diphoton mass
+ Exp (Obs) Limit: 18.5 (15.8)*SM

» CDF: VH->ggbb (2.0fb-1) ;
- Good signal acceptance: large BR(W/Z->qq) ¢

- Employ ME technique, 2 b-tagged jets
 Exp (Obs) Limit 37 (38)*SM

Number of Events

107

El 5
L L -

= -1
CDF Run Il preliminary L=20fb 160 4.2 fb"
: 140; + data
‘ F Y background
120 + ' g
2 F_l. e slgnahSO(M“.-.lzoGoV)
3100: .
i : __‘__ |
@ 0 gy
$ o T et
w ‘ v ]
I singe top, WZ Web (MC) 40 —g—>=4
| RS anessd
[] et (sata driven) | e i
AL I v sianst (40 - My _— .\> ........... 1
fos™ "0 ms 10 125 130 135
-11 -10 M . (GeV)

ME Discriminant l 1 i
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. ¥ H-> vy : 4.2 fb-1 analysis from DJ Eﬁﬁ?

. . ‘ D@, 4.2 f' preliminary
Gluon fusion, W/Z associated production,

vector boson fusion production ﬁgﬁw
- Compensate low Br(H=>vyy) ~ 0.2% Hj-;{j-m

—

BG:)QCD 2>y —
ii) jet fake gamma. —_
iii) Drell-Yann

Bl 100 160 160

120 140
M..(GeV)

80 D@, 4.2 fo' preliminary -
B 1
140 = data ” D@, 4.2 1" preliminary
- I © background =@ — Observed Limit
3T .... signalx50 (M =120GeV) R == Expacied Linit
S 400l o J H E 2 a0 || Expected Limit + 1
ni i X|E o 7] Expected Limit + 2 o
5 &0 —'—_+_ oo
E & 4 a0
IE &0 ! ; P 3uﬂ 30
40( T S & 20
ED: _______ 5 10k
Fn' I R 0~—0g 110 120 130 140 150
5 110 115 M”1{2£Ew 125 130 135 SM Higgs mass (GeV)

95% C.L. limit/ SM @ m, =120 GeV

No significant excess is observed.  oxp: 175 obs: 13.1
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Low mass Higgs
Search at Tevatron

. 29 Combination

e List of searches at low mass.

G, NNLO
JHEP 0307, 028 {2008)
Production | Decay _ DY
Lomi | US| Lumi [ et
WH lv bb 2.7 4.8 (5.6) 2.7 6.4 (6.7)
ZH Il bb 2.7 9.9 (7.1) 2.3 12.3 (11.0)
VH vv bb 2.1 5.6 (6.9) 2.1 8.4 (7.5)
All T+ jets 2.0 30 (24) 1.0 28 (27)
All v | - ————- 4.2 17.5 (13.1)
Not included
WH qgqbb | | | - -——--
ttH Injjbbbb | 0.32 168 2.1 45(64)
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. ) Cross section limit / SM prediction Loz

Search at Tevatron

« Tevatron combination for Moriond 09 is not available yet.
Will be available by end of conference.

CDF Combination (2009 Jan) D@ Combination (2008 Aug)
CDF Run II Pmliminmublﬂ-lﬂ o Latest result is nut included.
2 ! ™1 2 [ D@ Peliminay. =030, ;....—“'Uh*-qf“:d Limit, |
ﬂ E .ST'-*I Hlu 28 f'umﬁrmttlun : « Expected Limit
= = L o e el
E E r:;f:LIE:d'Fﬂi
—_ ol
510} 2
s |
M
b
L SM .
Jarmary 15, 205 -
1[]{] ]]lj 12{] 13[] ]4[} ]_5[] 15[] ]_jl'[} lgﬂ 19[} 2[]{] I}'I] Ilﬂ l!ﬂ' I’!l’l I4D Hﬂ Iﬁﬂ 1TEI IHEI ]HD E'I}l'l
II[GEV‘FE ) my, (GeVie?)

Limit/ SM @ m, =115 GeV Limit/ SM @ m, =115 GeV
CDF : exp 3.2 obs 3.8 D@ :exp4.6 obs 5.3



. B Summary and prospect (Low mass Higgs )

« Higgs group working very hard in both CDF and D@ to find
last missing piece of SM.

* No excess from BG expectation is observed yet.
* Cross sectionlimit/SM @ 95 C.L.:
CDF: 3.2 (3.8) Dzero: 4.6 (5.3) @ my=115

Combined result will be released end of Moriond EW!
21CDI:= Preliminary Projection, mH=:1 15 GE}F

——  Summer 2005
——  Summer 2006
——  Summer 2007
— January 2003

— Decamber 205 Analyzable £ dr will be
| reached more than 5 fb-'
very soon, This Summer!.

Expected Limit/SM

4 6 8 10 12 14
Integrated Luminosity/Experiment (fb™")

Exciting searches are on going! Stay Turned !



95% CL Limit/SM

Tevatron CDF & DO combined (March 2009)

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

________ TEr Exc

—h

Q
O
o
7
l4r]

___________________________________

1 X

=
Wi SM

o
100 110 120 130

&= m,< 135 GeV/c?

m,(GeV/c?)



Conclusions for low mass Higgs at TEVATRON

*Higgs physics at the Tevatron is getting exciting!

Low mass region has large backgrounds, but can be suppressed by multi-
variant techniques and understood in control regions

« Additional improvements actively in progress
- Further extending signal acceptance for leptons and b tagging
- Improved jet resolution
- Extended b-tagging and flavour separators

» Expect 2-3 times current analyzed lumi (more if we run in 2010)
 Details on each analysis is available at:

* CDF:
*DO:



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

A . Y. Enari 3 M8
. ey SM Higgs search at Tevatron .o,
* Production

-: \Rﬂﬂa 5 wﬁg_ﬂ 1. Gluon fusi.un (0.8~0.2 ;?b)

5 . e § 2. WH associated production

T ; (0.2~0.03pb)
N 3. ZH associated production
PR TR (0.1~0.01pb)

100 120 140 160 180 20

Higg;h.‘.asHGEWn:’}ID ° Decay
~- — my <135 GeV
H = bb is dominant
— my > 135 GeV
H-> WW

Analysis Strategy . Background

my <135 GeV " top, Wbb, Zbb

Branching ratio

0.1F vr

102

ed by LEP

u%
//"'

-3y i
0 100 120 140

My

ety T m. > 135 GeV Ww, Wz
Gluon fusion + H->WW @ Drell-Yann
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I v/ Most sensitive Higgs search at the Tevatron |

v/ Signature: 2 high p,leptons + MET.
¢/ Leptons in same directions due to spin correlation.
¢/ Different background composition: WW, Drell-Yan, 7...

Final states: e'e, ep,
or p'pw and 2 v.

antiproton

v/’ There are several production mechanisms besides gluon fusion:
WH — WWW, ZH - WWW, V.B.F H - WW

v/ New dedicated analyses in different 0, 1, 2 jet bins.

v/Analyses optimized for each jet bin.

Barbara Alvarez- U. de Oviedo

Both experiments approaching SM sensitivity

16



H—->WW

* Most sensitive Higgs channel at the Tevatron.

— Highest sensitivity around M =160 GeV.
* Signature two high p_leptons ({=e or y) and missing £ .

* Backgrounds: WW, WZ, ZZ, tt, WHY/jets, Z—tf, Z—71t, QCD.
* Strategies.
— Good lepton id and missing £_resolution.

- WW is a fundamental physics background, and one of the largest
backgrounds. Spin correlation (A¢,)is the best single variable for

discriminating H and WW.

- All subchannels and both experiments make use of advanced

multivariate techniques to get best possible signal / background
discrimination.

T T T a Thiiila WO



Spin Correlation in H->WW

* Leptons from H—>WW—{£{ tend to be emitted in the same
direction (i.e. small A¢(£,2)).

/ 0.09
&
/ 0.07

0.06
0.0

@ 0.04
& 0.03

/ 0.02
@ 0.01
1L 1 I Bl 1
75 1

v Aoleu)

c—
o
iy
—h
e
o =
”—
£
{-J—

H. Greenlee LaThuile 2009



Multivariate Analysis Techniques

* Neural Networks (NN).

- Works well. Time-tested — have been used
successfully for many years.

* Boosted Decision Trees (BDT).

— Relatively recent. Popularity has grown
enormously recently.

* Matrix Element (ME).

- Highly efficient for specific signals / backgrounds. ™ 5
s
— Computationally costly. /'-fwm.:fl

= Can be used as input to other techniques.

H. Greenlee LaThuile 2009

10



H—WW Event Selection

ek el Kl
Leptons (preselection) pA) > 10 GeV, pi(2) > 15 GeV, M;; > 15 GeV
E; (GeV) >20 >20 >20

E] Scaled >7 >6 >5
M, Ey) (GeV) >20 >30 >20
AP(L,0) <2.0 <2.0 <2.5

eppreselection  ep inal  |ee pre-selection  ee final g pre selection  pp final
Z — e W90 =3.0 072 F0.16] 160463 F 264 [73.6 F 5.1 = =
Z — ppt 1511 =06 214 +0.06 ; = 256432 + 230)
Z — 77 231242  245+005 835 =8 1.0+ 0.3 1968 + 11 Bh 05
t ISTH=02 542+01| 989+02 285+0.1 194=01  10.1+0.1
W 4 jels 1634 =53 60.1+32 174 =7 2.0 4+ 4.3 149 + 3 858+ 2.1
W o8n6 =01 [10s0+01] 1275=04 sm7x02] 1620+05  013+03
Wz 145+0.1 T0X0.1 | S96+08 76402 51.6=05 162+03
zZZ 347+001 0494001 735+03  54+01 B30=02 135+0.1
Multi-jet 190 + 168 1+8 23224+ 193  4.34+83 945 = 31 626+ 8.0
Signal (mn = 160 GeV)|  9.0£0.1 BOL01 | 110E001 30 E00I| 1I7EX01 100L0.06
Total Background SR U I E R R I S B e e Rt O e P B L R e
Dot 3700 534 1642000 EETE 263743 1117

H. Greenlee LaThuile 2009 1



H—>WW NN Analysis

* Neural network analysis makes use of 14 input variables.

i‘: ..... T —rTT YT %-_-‘ ey pees e SRR 510’-‘ I ey
2 o) DO Runll Preliminary ~ _ ~*% gw. e | pel £ : D0 Romll Prohiingry |~
g AR ; 1=3.0 fb g L=300 ]
L=301b W T K, WA b Fv\ e

10 ee

]
D |
- v -
g L

1-3:—

R

E x0 [01! . NH

A I | w'f l : . E

| | 5 _ 2| s 4 |as -
RO 9452 5 02 04 66 00 1 12 4 “i 02 0 0z 04 05 00 1 13 14

a8 P Wk

H. Greenlee LaThuile 2009 12



H—>WW Result

* Upper limit on 6XBR set using entire NN output distribution for
all channels using modified frequentist method (CLs method).

30! —Qbulud,l,.ulul

1§ Bt pected Limil
-E\pecledrilc Expected i s
Expected H2-¢ y
2.1 times SM at
M, =160 GeV

Limit / o(pp—>Hj x BR{(H->WW)

s ot e e
120 130 140 150 160 [70 180 190 200
m,, (GeV/ic?)

H. Greenlee LaThuile 2009 13



H—WW Event Selection

ee el M
Leptons P> 20 GeV, pr: > 10 GeV, M, > 16 GeV
Eroe (GeV) >25 >15 >25

Epee = By sin{min[1/2, AD(E:,E)]}

. Saparate NN HH&]}FSiS for U, 1, - COF Run |l Preliminary [Ldt=36%
- 10° | Region: Ba elss data W
and >2 jets. é 5 —ﬁ'Jme RI) D qum
s 1o " []DY-ee
* 1 and 2 jets includes VBF and 2 10 Byov-
@
VH contributions to signal. i 10°

* Also separate NN analysis for
high and low S/B events based
on lepton quality for 0 and 1 jets.

107

20 40 B0 &0 180 200
B+ sinfA d [GeV]

0

;. nearest lplon of jei}

H. Greenlee LaThuile 2009 14



Events 005

3,
T

H—WW 0 jets NN Analysis

* Neural network analysis makes use of 5 input variables, including
Ad o and H vs. WW matrix element likelihood ratio (LRHWW).

* Separate NN for high and low S/B lepton id.

COF Aun Il Praliminary

g.-

W, = 160 Gakic

f

E 05 0 Jots, High S8

H. Greenlee

COF Run Il Prefiminary jl:a: 1=
1050 Jats, Low 58 "

e b
- W, =160 Gavict e

L

- i
S Low 5/B e
- I;-.- [ T

. n — i

+L

I 1 R I Ly o
1 08 06 44 i 0 02 R4 DG 04 1
NN Qutpui

LaThuile 2009

COE R I8 Prelindiners _|| £—= 30T

Ay — 160 GeV e

# Lia L 0zl
Y L 18
W
Wi [T .
ZZ my oL 2E
Wiics P
Wy 92 L 23
Total Backgrouned nav o+ 67
Total Signal TR R
Dalu [631]
QED Jel
15



Evenls [ 0.05

&

H—WW 1 jets NN Analysis

* Neural network analysis makes use of 8 input variables (LRHWW
not included for >0 jets).

* Separate NN for high and low S/B lepton id.

COF Aun Il Freliminary JL:aam'
251 Jet High 508 f
. L
| W, = 160 Geic” . n
: HighS/B =
- e o
L o —,

vl 1 1 1 v 0h 1 I 1
-1 08 06 -014 -0z O 02 04 06 04 1

NN Cutgut

H. Greenlee

|Lzagtr

COF Run Il Preliminary
051 Jpl, Low 5B
By
; M, = 180 GeYicf mi
s
Low S/B .
i‘—| (a8
b =Wy
#+713

—_—

E IR

gt 4 -
PN

Bl | o s ln_n_n
A0 08 0 04 02 0 bR DR BE

LaThuile 2009

NN Dutpat

CIE B 1 Preliviraey Jrf. — 3K
My — 160 CeVie”
n B % I |
Ly *h - iE
- 223 —
Wz 5 I S N
SX hak — (55
W fels e 1
H = A = 40
Tolal Backsround 2TR 5
Total Signal RAO% — (.74
I¥ata M2
L=
16




H—WW 2+ jets NN Analysis

* Neural network analysis makes use of 8 input variables.

* High and low S/B lepton id not used for =2 jets.

COEF Run L Prelimineey [L£—36 I~

COF Run Il Preliminery J.L=3£1h" My — 160 Gcl-",-'rﬁ'?
S -0S2+Jets " m [100 + 17 ]
o 'ID! - .':'IT -
20 M, = 160 GeVic wi D} 33 L 11
g = E’sz W 176 + 40
4 1u_— W& 3.6 £ 052
w s ZZ 162 L 022
W el 117 L 1.0
1 Wy 212 1 070
Total Background T3 L 23]
- gg o+ 4 1.7% L 030
I 139 1L 0.1s
AT (asd o (0L0E0
102 VEBF 7+ 0l
= P e e T . ’J_'i:-talSignal 1.53 L 052
1 b 06 D4 -0.2 O D2 04 06 0.3 1
NN Output Data LED
a5 M Jely

H. Greenlee LaThuile 2009 17



H—>WW Result

* Upper limit on 6XBR obtained likelihood fit of all five NN output
distributions.

GDF Run Il Praliminary _[ L=381s"

b, = O8 All Jets Observed .
- [ ©S Al Jsts - 1o ] Expected limit is

"":fi:f:fﬁ ffﬁ;ﬁﬁffﬁﬁ:ﬁﬁiff ﬁfﬁfffﬁﬁiﬁﬁffﬁ FUl0SAlJes=2e 1.48 times SM at
U R S SO O M,=160 GeV

05% C.L./Gg,

Standard Model | ;
1 E— - _1._ ....I.__.._1.._. .i._. ..1.. ..._I. -

.I. . ....I...|.......I. I....I. ....I I.... .I...I , - i......i..i......i..i...l...i .....I...i ......I....
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/c?)

H. Greenlee LaThuile 2009 18



WH—-WWW (£

* Signature two like-sign high p_leptons (f=e or p).

* Smaller 6xXBR than H—WW but very low SM background.
* Backgrounds: WZ, ZZ, W+y/jets, QCD, charge flips.

- Instrumental backgrounds (fakes and charge flips) are dominant.

H. Greenlee LaThuile 2009

19



WH—WWW—t £

e Event selection: p,l,(e) > 15 GeV, p, (1) > 15 GeV.

* Upper limit on 6XBR from 2D multivariate likelihood fit.
- Expected limit is 17 times SM at M, =160 GeV.

= . - =
0 @ Run Il Preliminary 2 | D@ Run Il Preliminary
8 g E =
o Bl
c T
9 z 1. »
w a - 9 s G P | SRt
x . o A S 4 e - ecied
p 2y, ° [ — L2 1.0 15 =l f\:x%.th.d
10’ % —— ey iR aa ot =S Hlzg:
2 B
© BRI
2__1_1._|.._1_ :.| FENA | YR YU N TSUT S s DO oy S |
0 50 100 150 a 30" 10° 100 120 140 160 180 200
m,, (GeV) M, (GeV)

H. Greenlee LaThuile 2009 20



WHWWW L

e Event selection: p, > 20 GeV, p,, > 20 GeV.
* Multivariate analysis using 13-variable NN.
- Expected limit 1s 7.2 times SM at M, =160 GeV.
o COF Run Il Prellminary JL:um‘ COF Run || Prelimingry [L_ 2514
g _SS 1+ Jets mw - e DS 14 et Sypeciec
- :"l|1|=‘”5|:I GeWie® l-.TF L —— %5 14 Jets Observed
E . .Ezr“ S8 e dei_ o
E .:,_ . ?:nn:ﬂ E 55 14 JE1EE.— 2
. 1 T - 27 E
TR ey B S 10
: e - [ g
D' — I o -
: L]
w? B I
:u—__'_'_'_'_'_ 18 1 T ) O | L 1 Standard Madel
41 -08 06 04 WZ © 0F 04 M6 O 1 o l

1 (I} 1 (| L | I L
110 120 130 lan 150 & 1T 180 190 200

NN Qutput Higga Masa |Geic)

H. Greenlee LaThuile 2009 21



95% CL Limit/SM

-
o

Tevatron CDF & DO combined

March 2009

Tevatron Run Il Preliminary, L=0.9-4.2 fo

| Preliminar

» 1-CLs Expected

1-CLs Observed

' Expected £2-6

Expe¢cted £1-6

m“ SM
’0‘0‘ o“m: i

Marlch 5, 200?

100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )

ARSI e Tevatron: Runl]
,,,,,,,,,, LEBEchu5|on,,;,,,,,,,,,,,,,, . JTevatron. | I b -l
| Exclusion ~1.05-1=0.9-4.2.1b
,,,,, Sﬁ‘;iﬁtiﬂ e C March 5,:2009
l:l +26 Expected- 1_

95%:C.L..

90%:C.L.

85

190 195 200
my; (GeV/c?)



Integrated luminosity (1)

Prospects

3 * Tevatron and experiments are
running well.

2 | * Experiments have ~6 fb!
| delivered today (~5.3 fb!
E 4
Real data for FY02-FY08 ¥ Mook Lo recorded).
5 - B Lpwsest I Lum
. * Expect 8-9 fb'of integrated

luminosity per experiment
delivered (7-8 fb"! recorded) by
end of FY10 (more if Tevatron
runs in 2011).

* Analysis improvements will
likely improve Higgs sensitivity
faster than luminosity scaling.

F09 start

H. Greenlee LaThuile 2009 28



Higgs searches at TEVATRON

Summary

« SM Higgs excluded at 95% C.L. in the range 160 < M, < 170 GeV

- Tevatron and experiments are continuing to run well

« CDF and DO currently have recorded about 5 b1 of data
« Expect 7-8 b1 or more of analized data by the end of 2010






v Tracking: silicon tracker + drift chamber 5
v'CDF |n|<2 scint
v'DO |n|<3 i

v Calorimeters: central, wall, plug coverage: b
v CDF [nl<3.6 i
v DOInl<4.2 I

¥" Muon coverage |n|<2

m

20

15

' 4
&
=
8
1.0 — §
05— 5
9
-
.'11'1"[7"’
10 15
SVX 1l INTERMEDIATE
5 LAYERS SILICON LAYERS



. ¥ 2 lepton: ZH > Il bb

Lumi: q z
CDF: 2.7 b1 >x.mw’x N

D@ :2.3fb" q

Signature: 2 leptons + 2 b-jets

 Lepton requirement

CDF: 15t (2) p; > 18(10) GeV
-> Define Loose, Tight category

D@ : p.>10 GeV

Z mass window cut is applied.

* Jets requirement
Pt>15GeV, In| <2.5

CDF:

improve dijet mass res. from MET.

L — 18

- 1|:l“r R

:! ##;f' !i, }1 'E :5‘ [ e
Tren &
b E
Z

B0 100

B Aunlib preliminary 1.2 &

Y.Enari 8 M8

Low mass Higgs

CDF Run Il Preliminary (2.7 fb')  iton

- dua e Bz

. Fjrin

'
S [7] misngs
e lltrw O T+ []u |||||| nmly

1l 160

Z Mass {GeVieT)

e O
— - E
— Tl e e
[ |
- L T R

SINw/b-ID  CDF (tight, loose)

b-ID Signal / BG Signal / BG
Ti-Ti
(Lo-Lo) 11751 11237
Lo-Ti 1/89 e
Ti 17293 1/ 508




o Y.Enari 10 ne
. %) 1 lepton: WH - Iv bb Soerch at Tovaior
OBy — =
= W—_, £ oo DO Prediminary iy
Lumi: a \ “E%§ Y ok J.Fr =
2 7 fb-1 VUV e, P b : o
* H - F 1 CDOF Run || Pralimirary 2.7 '
. ] T b wt S I =
Signature: - ) —
1elu + MET + 2 b-jets : =

* Lepton and MET

DO : pr>15GeV, MET > 20 GeV -

CDF: p; >20 GeV MET > 20 GeV / e

g 20 S0 60 BD 100 120 14D
W Transverse Mass (GeV] =

F1ii]

iso track event is included. = Gajin ~ 20% in signal eff. by iso track

* Jets requirement
Pt> 20 GeV, |n| <2.0
DJ: 15t jet pt > 25 GeV
HT > 60 GeV

Cut for reject QCD
2 |epton veto

Yield with b-ID
CDF D@ (2jet, 3jet)

b-ID | Signal BG Signal BG

Ti-Ti

(Lo-Lo) 1.4 156.5 | 3.9, 1.0 | 345,322

Lo-Ti 2.0 146.2 == ==

Ti 4.6 1760 | 6.8,1.6 [2182,963



Z(—vv)H(—bb) Search (1)

e An imﬁor"ran’r channel for low-mass Higgs
searc
Large B(Z->vv) ~ 20%
e Trigger on events with large missing H+

H+ is defined as the magnitude of the
vector sum of jets' E;

e Analysis was based on 261 pb-!

¢ SZIZCTIOH: Pirk = - |Zp(trk)| .. Tracks
2 Jets: Pr,itk= - [Zpy(trk in dijet)| .. tracks in jets HT

. E;>206eV, [n]<25
Missing E+ > 25 GeV
Veto events with isolated tracks (p>8 GeV)

« Toreject leptons from W/Z )
H: = Z|p(jets)| < 200 GeV

o Toreject t1 events
Reduce "instrumental” backgrounds >

« Jet acoplanarity A¢(dijet) < 165°

o Use various missing energy/momentum
variables

« Form asymmeftry variables

_
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. % 0-lepton: VH > vv bb Soarch a Tevatror
Ly Z(W) <:"*’U'} Signal: wj-]et MJ: jet +_m'|s-meas.
umi: ﬁ o ’
2 1 fb1 >‘m‘b'ﬁ ./ __ &7
<5 8

- —

Cal MET # Trk MET

» Signature : MET + 2 jets.
CDF: MET>50 Gev, Jet1(2) p+>35 (25) Gev
D@ : MET>50 Gev, pr>20 (20) GeV QCD rejection

. . DO : Ad (CalMET, TrkMET)
To handie Mult-jet BG CDF: Train NN to reject QCD.
— Signal sample

GO Apsctiom MM, Signal Region, Exclusive 5T |

— Control region - corn

- QCD control sample ook ;5_’2-
- EW control sample ; .-
"""""""""""" P Pl T Bl | 1200!:- —+ *'-
ﬁw DB preliminary {21 5" I )
o0 L ;E;:I-‘ = -
= # il b = aool
Go . o 4 EW cont. sample ”
™ + il I 6001~ '
&0 - -
- » " - : - i.
g L S, ! =
e T TR i -5 -1 05 0 05 1 15

(AL MR+ QCD Rejection NN



. ) 0-lepton: ZH > vv bb result

Events/ 0.05

=]

¥.Enad |3 /18

Low mass Higgs
Search at Tevatron

Yield after b-ID
CDF D& (2jet or 3jet)

b-ID | Signal BG Signal BG

Ti-Ti 1.8 105 -—-- -—--

Lo-Ti 1.5 149 3.7 442 .8

Ti 4.0 1443 -—-- -—--
MVA
DT BDT CDF : BDT
MMgulput, Signal Region, ST+8T |

E T 0 preiminary (1.2 16 SOF COE R Bl 100
» =
+ S =

B 0E 03 04 05 @6 GF G808 : Ll

DT diseriminant

MNoutput

Result:
No significant
excess.

Limit / SM
@ m_ =115GeV

D@ 2.11fb":
exp : 8.4
obs: 7.5

CDF 2.1 fb:
exp: 5.6
obs: 6.9



Other channels sensitive at low mass

>2Jet CDF Run |l Praliminary
=== Data (L=2.0"
0 jet - t : $§ Data
Add-On W+jets

Top/Diboson
2t +jels
E253 Background Error

Analysis Technique
+ Signature t had+ t lep+2 jets
+ Simultaneous search in
WH+ZH+VBF+ggH
+ Use NN to extract signal
+ Good proof of principle for LHC

b
H< b
L, W

Dijet Mass

FeEl

EE it b TR L e e
100 150 200 50 H
Full ct Mass [GeV/c’]

D@ Runll Preliminary 0.94 fb™!

Data
P wajets
I <o mutiiet
B -

\/\/ik

Entries per 12 GeV
B

a
I|||[||]||I|||[I||||||||||||]]||||||||”I||||

Other SM backgrounds
m— H(W/Z) x 10
25
. . 2
Analysis Technique V .5
+ Hadronic t+ MET + 2 b jets 1
+ Use Dijet mass to extract signal 0.3

HJTTTT

140 160 180 200 220
DiJet Invariant Mass (GeV)

Andrew Mehta



2 .
o H—-WW" - II'vy, [L=3.0fb"

w

CDF Search for Higgs to WW* Production using NN is used in each of the three di-lepton channels

a Combined Matrix Element and NN Technique

COF Run Il Praliminary | s==Raimef
AN Jets HWW M, = 166 Gevic? — :gms — wonpp G Fon | Prolimina Bg {Bg Only Hyp)
10° = & ... g meey L=3f" Bt (S8 Hyp)
B i O [ Sionsl m =160
10° = B B o « Data
R -~ o 108 » Rt MUY P -
o P, T, N z T R
ns - Y ot
8 1) R
1= _I_r
- _r’__,_,ﬁ,__._-q_a—"— y _J_’_r—'
2 " r
o B '_'_,_
gl e R s e 0 01 0z 03 04 05 05 07 08 08 1
03 -08 04 02 D ©02 D4 06 03 1 NN Output
NN Ouiput

EXP. Limit/SM
mH=1 65 GeV/c?

1.9

OBS. Limit/SM
mH=1 65 GeVIc?

2.0

1.6
Barbara Alvarez- U. de Oviedo

1.7
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