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Tevaitron

« Tevatron is running really well:
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Expect 6-8 fb-! datasets by end of 2009 + possibly run in 2010

Data analysed with 2 multipurpose detectors CDF and DO:
EM +had calorimeters for e +jet id

Muon detectors

Scintillator fiber/drift chamber

Silicon vertex detectors for b tagging
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Higgs Production at the Tevatron and Decay

SM nggS Cross sectlon (HIGLU VZHV) SM Higgs branching ratios (HDECAY)

Tevatron \s= 1 96 TeV
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Higgs Production Cross Section [pb]
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: Additional low mass search channels:
Main channels at low m_ <130 GeV WH — 2vbb
WH — Ivbb VH — qgbb
ZH — Ilbb, vbb H — 77 (with jets)
H— 9wy
‘Dominant gg— H, H — bb has massive background ttH — Ivbbbbqqg
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The Challenge

Higgs production is very rare.
Careful analysis to separate signal _ . _Cross Sections at 1.96 TeV
from background. E Total inelastic
= 10’ .m
1. Trigger S lmb
« High p; e,u triggers % 10" bb
« MET + Jets triggers 5 ox1e
e Track + MET + Ecal t-trigger Y 10° Lub
w
2. Reconstruct final state 10° igﬂ
* Leptons mmﬂ Z
« Efficient b-tagging it 1
» Good jet resolution aRE
 MET reconstruction Q_ﬁ 0.03-0.3
104 1199 ggHHHi s (ZH + WH)
3. Separate signal and background ffb 7
* Measure backgrounds 10466 720 140 760 180 200
» Advanced analysis tools to Higgs mass (GeV)/c’
separate signal from background
(NN, ME, BDT)
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WH—ITvbb

Analysis Technique
+ Loose double or tight single b tagging

+ Lepton ID enhanced with isolated
tracks, forward e + extended muons

+ Include W+3 jet data

+ NN discriminator

« 1 lepton+MET+ 2 b jets final state ¢ ME+BDT
+ About 3-4 evts / 1fb1

+ Most sensitive channel at low mass at m'_,_=1_7 . W +2jets/ 2 b-tags
resent DO Prelimina e Data
P Main back d W+bb ' ! oy et
dain backgroun =QCD
it
- =
DI NN Inputs: wl- = o
- : WH
P%l’ P%Z’ ARjijqujv - 115 GaV (x10)
P M., PtMET _
T > Jj» T _ 115 GeV (X10)
20
@ NN Inputs: '
imb sYS8
M;;, P, Pr",
Mg‘:;’;‘n, ARE:/: E%ets 150 200 250 300
Dijet Mass (GeV)

@ 29/09/08 Andrew Mehta & LIVERPOOL 5 D




WH—ITvbb

Neural Network

Matrix Element+

CDF Run Il Preliminary, L=2.7 fb

1

W wH(115)
Cw-tight

CDF Run Il Preliminary 2.7 i’ Boosted Decision 3ot E::*;:::“
» 10 T W+bottom [ [ non-w
c E [ W+charm 5 W oibason
=5 e g o5 =
Y= . i - i:;f}:v [4}] i - WToe pair
g 10 % : H (115 GeV) (x 10) Lﬁ 20 - g ! = Dala
o .F e Data — WH(115p1
E 10 ? [ Background Error 2 i Y 1=
2 103; _cgu 15 - _:g
E o i 15
102k S 10} 1
10 O 5 ?.U
1 [ g
107 % 0.5 0 0.5 1
O ek s 1) ME+BOT 2tag
background signal ~ background signal
ﬂ i) - - »
E | E@‘ 105 fpt W * 2ets (2 b-tag) . o
= [ == * Data, = . (4]
Results at m,; =115GeV: 95%CL Limits/SM
W 40 EW T.J.ets
i multijet
- = Analysis Lum Higgs Exp. | Obs.
30 Bother (fb') | Events | Limit | Limit
i OWH x 10
20__ M=115 GaV
- CDF NN 2.7 8.3 5.8 5.0
100 T CDF ME+BDT 2.7 7.8 5.6 | 5.7
02 0 0204 06 0.8 1 1.2 D@ NN 1.7 7.5 8.5 9.3
115 GeV-Neural Network Output
[}
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ZH—->vvbb

Analysis Technique
+ Use data to estimate multijet background
+ Add 3rd jet to get acceptance for WH—tvbb (CDF)
or dedicated analysis (DO)
+ CDF adds tracks to jets to improve resolution (H1 alg)
+ DO: BDT with 24 inputs
¢« CDF: Uses NNs

I | T T T T E T L 1 1 [

> [ G B R T R R I e
+Large MET + 2 b jets 8 o DG preliminary (2.1 f")
+ Also add WH—(l)vbb when & | ‘I’ Diiet Mass:ﬁf;c.Jm :
lepton is missed s i = ] fw"]'iuf.?, E
¢ 3'4 thS / fb-l E 40:_ MH=115G6V -aimn _:
& F m—Hx10 (115 GeV) ]
30 -
Main backgrounds Z+bb, 20:_ 3
W+bb, multijets : 2
101 .

DH 250 300

DiJet Invariant Mass (GeV)
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ZH—->vvbb

NN Output, Signal Region, ST+5T

35— CDF Bun |l Preliminary, 2.1 fb E— EEEEE————

L —e— Daia B | I b | I I 4y ]

s B e 50— . D pnalmlnar\yr (1.2fb")

» | RCERED - Data B
30 . Single Top B o I i

- Analysis NN — s BDT Zolty
o5 C % e B W+§.'c:j_ezls .

B ] ZLHF. ~ W+jets(li) ]

L 7% Background Error | Dib-i.i-1 i
20 :— — R 30 __ i ! 'T:xéa Hi5Gev) |
151 20— + +* —~
10[- E # E

C 10— ]

5 - i
uz“_f‘ P S % “01 02 03 04 05 06 07 08 09
- Neural Network Ol-l‘lpu‘t _ . ODT disc'.'im.i nant
Results at m; =115GeV: 95%CL Limits/SM
Analysis Lum | Higgs | Exp. | Obs.
CDF NN 2.1 7.3 6.3 7.9
D@ BDT 2.1 3.7 8.4 7.5
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ZH—>11bb

s 2 leptons + 2 b jets

— Cleanest signature!
No MET, can fully reconstruct event
+ About 1 event / 1fb!

Analysis

+ Improved dijet mass resolution with no
MET constraint
+ Loose double/tight single b tagging
+ CAL/track only leptons
+« NN, BDT, ME techniques
Main background Z+bb

Improvement in mass resolution

350 =120GeV/c

Entries 2489
Mean 1056

RMS

26.1

300

. After constraint
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ZH—>11bb

Boosted decision tree
Matrix Element
el | DO Runllb Preliminary 1.2 fb™ | mrareen
= COF Run Il Preliminary (2.0 fb”'} _: o T T —TTT —— ——— _SignaI(Mh=115)
405_ ‘ —_— 0= ZH {MH=12C| Ga‘u’]_: g 10 —— QCD Background
E - ey E % s —=— tt Background
35 = i = s I h_::zs:::s;::un:d
= 1 —
=  errsal
zo;— —; 10° ]
E e |
10— -
E i
"r:u T T - i: Y B v v Ty ey o
In[P, ] BDT Output
Results at m; =115GeV: 95%CL Limits/SM
. Analysis Lum Higgs Exp. | Obs.
Limit 8\7V|9_|00r? per 1|‘b-1 as (fb') | Events | Limit | Limit
channe
CDF NN 2.4 1.8 11.8 11.6
CDF ME(120) 2.0 1.4 15.2 11.8
D@ NN,BDT 2.3 2.0 12.3 11.0
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Other channels sensitive af low mass

CDF Run Il Preliminary
=== Data (L=2.0 0%
2 Jet - ¢ : $§ Data
) Add-On WHets

Top/Diboson
] 2 te + jets
B3 Background Errer

Analysis Technique

Dijet Mass
« Signature t had+ 1t lep+2 jets

. _ i

+ Simultaneous search in =
WH+ZH +VBF+ggH ] 50 100 150 ™ 2% N

Full tt Mass [GeV/c’]

+ Use NN to extract signal
+ Good proof of principle for LHC

b
H‘<b
l, W

D@ Runll Preliminary 0.94 fo™!

&
)
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Data
P wets
I cco muttiet
B -

Other SM backgrounds
H+(W/Z) x 10

W*

Entries per 12 GeV
w
o =

(%)

2.5

Analysis Technique V 1:
+ Hadronic 1+ MET + 2 b jets 1

0.5

+ Use Dijet mass to extract signal
140 160 180 200 320
DiJet Invariant Mass (GeV)
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Other channels sensitive af low mass

DO Runll 2.1 fb™! Preliminary ¢ data
- ; 1_{]0>dtH->ﬂbb
=5 jets, =3 tag t\Fuqets
Z+jets
diboson
I single top
B multijets

Analysis Techniques

o 1 lepton + MET + 4 or =5 jets
+ Separate events into

+ 1,2,3, 23 b tags

+ Use scalar sum of jets (H;) to
extract signal

—
=]
ULLLLL

Number of Events

CDF Run Il Preliminary L =2.01fb"

+ 4 jets, 22 b jets

10° M =120 GeV
« Large BR of W/Z-qq e
+ Large multijet background 10°
+ Use matrix element to extract , ,
signal =
o1 single to
H—7y A
L — . 10° G S vh 0
r reliminary, 2.68 f&'
I « 2 photons +dam
- o backarou : -20 -19 -18 17 -16 -15 -14 -13 -12 -11 -10
§ m% ..... :.?x:::;na|l:::ﬂsgev ¢ NN phOton Id ME discriminant
g ‘_+ e LoWBR H—> yy
§ S T « Background QCD yy, yjet
. _ === . » Use di-photon mass to extract signal
o 1.3 signa events ==
- T T !"r'!'i: I Y ."-. ---- ik WO PR
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Summary of Analyses

CDF DO
Channel 95% C.L. Limits 95% C.L. Limits
o-BR/SM obs (exp) o-BR /SM obs (exp)
WH—lvbb (NN) 5.0 (5.8) 2.7fb"" 9.3 (8.5) 1.7fb"
WH—lvbb (ME+BDT) 5.7 (5.6) 2.7fb""
N WH—tvbb (NN) - 35.4 (42.1) 0.9fb""
; VH—qqbb (ME) 37.0 (36.6) 2.0fb"
8 ZH—llbb (NN) 11.6 (11.8) 2.4fb"" 11.0 (12.3) 2.3fb""
L0 ZH—llbb (ME) (=120 GeV) 14.2 (15.0) 2.0fb""
N ZH—vv/WH— (1) vbb (NN) 7.9 (6.3) 2.1fb"" 7.5 (8.4) 2.1fb""
EI ttH—lvbbbbqqg - 63.9 (45.3) 2.1fb"
H—yy - 30.8 (23.2) 2.7fb"
H—1t 30.5 (24.8) 2.2fb"
Combined 4.2 (3.6) 5.3 (4.6)
Also WW contributes in the low mass region
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Tevatron Combination

- Status of April 9th 2008 -

) Tevatron Run II Preliminary, L=1.0-2.4 fb™
10 ot e e e e e e e e e e e e e e e e e e e e e e
}/‘,EPleHTevatronExpected
= Tevatron Observed |

+20 -

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

!

95% CL Limit/SM

1

0 S E P SR AR N .:Apm?,%ﬁpa..-
110 120 130 140 150 160 170 180 190 200
mH(GeV/cz)
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Conclusions

* 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

» Expected limit should fall below
~ 3 x SM for m;=115 GeV/c? in the next Tevatron combination

» 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:
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Indirect limits

T T T T T T T | J‘ T T T ‘ T ] B
.| / = B 3 ) .
3] ' G ] 80.70 — experimental errors 68% CL.:
Y A A kY i LEP2/Tevatron (today)
o 7 L
c E 80.60
0 ) A i
7] [ _
E "l : —_— -
% 4 = D 80.50
: ; )
= =
- ] =
] 80.40
""""""""""""""""""""""""" = 20
Theory uncertainty E 80.30

— Fitincluding theory errors —

---- Fit excluding theory errors -
.................................................. 1o 80.20 both models

| | | E | Heinemeyer, Hollik, Stockinger, Weber, Weiglein 'DB:
0 100 — 150 — 200 — 250 — 160 165 170 175 180 185
M, [GeV] m, [GeV]
H
If Higgs is Standard Model Higgs, Supersymmetric Higgs
mass is likely to be low is also low mass
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/dentification of b-quarks (b-tagging)

Tagger
* Most sensitive channels have H—bb = D
- Silicon detectors used to find secondary vertices & _ |
» Efficiency ~40 - 70% =
» Fake rate (mistags) typically 0.5 - 5% r il
» DO uses Neural Network tagger based on b-lifetime 5o
information. Can use multiple operating points. |
« CDF utilizes secondary vertex and Jet Probability “
algorithms + additional NN flavor separator a0
. . | p, > 15 and Ally I
» Use either single tag or looser double tag R _ L
0 05 1 1.5 2 25 3 3.5 4 4.5
Fake Rate (%)
c/l-like b-like
06 SecVix Tag Efficiency for Top b-Jets < ; ; -
Jet g F Tight Secvix | [(3 w*b:ttom
- [ | +charm
Displaced tracks = 0'55 Loose SecVix L[] Welight CDF
% 04 7
. Z 2 [
Deeayllfet:r./ /f%mn s oak Jet-Flavor Separator
Primary vertex . % ;/ 02;_
4o \," 0 _ Top MC scaled to match data
Prompt tracks “b-tag” = |ldentified ' - Only b-jets with E;>15 GeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 | | |
2nd vertex %0 02 04 06 08 1 12 14 16 18 2.1 -0.5 0 0.5 1
. Jetn Neural Network Output
@ 29/09/08 Andrew Mehta & LIVERPOOL 17 DD




