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QCD: Inclusive di-jet mass cross-section, 3-jet mass cross-section
Ratio 3-jet/2-jet, exclusive diffractive dijet production
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New Phenomena: Searches for W, Randall-Sundrum Gravitons
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Tevatron Performance w
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Data taking / Detector

Daily Data Taking Efficiency

19 April 2002 - 7 March 2010
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Gregorio Bernardi,  the new results presented here
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QCD Physics: new results since LP'09 w

Jet Physics
— Inclusive dijet mass cross-section  arxiv:1002.4594
— Inclusive 3-jet mass cross-section
— Ratio 3-jet/2-jet

— aS(MZ) arXiv:1002.4917

Covered in this talk

Recently covered in
WR&C seminar

Other QCD Results

— Diffraction: evidence for exclusive dijet production
— Photons: Measurement of Direct yy Pair Production cros-sectionarxiv:1002.4917
— DP: Double parton interactions in y+3 jets  arxiv:0912.5104
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Why measure the Dijet Mass cross section? |PJEJ

Gluon dlslrlbutlnn al Q=10 GE‘F

The dijet mass cross section
can be used to test both
QCD and New Physics
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Dijet Mass x-section: Analysis and Results w

Events must have 2 or more jets
6 bins according to most forward jet 5‘1015
)
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Dijet Mass x-section: Data/Theory comparison w
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Experimental Systematics dominated by jet energy calibration uncertainty
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Dijet and 3-Jet measurements w

o Allow further tests of pQCD
most events are dijets

= study the case where third jet is produced
=> test QCD ME, PDFs, ag

// (=S /@

Dijet mass, X, A

Three-jet mass, angles, ...
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3-jet cross-section measurement w

e Look at hard QCD only:

= high pT, high mass, At least 3 well separated (R=0.7) jets,
(AR in eta-phi>1.4)

e L=0.7 fb1
e |eading jet p; > 150GeV = triggers >99% efficient

e Three-jet invariant mass (M) cross section
in bins of jet rapidity, and in bins of jet transverse momenta

— 3 rapidity bins |y| < 0.8, 1.6, 2.4 (p;3 > 40 GeV)

~ 3 p, bins p; ; > 40, 70, 100 GeV (|y| <2.4)

Gregorio Bernardi / LPNHE-Paris 9



3-jet: Results, comparison to NLO predictions w

NLOJET++ 4.1.2 (NLO for 3 jets)

MSTW2008 NLO PDF (which include DO RunlII inclusive jet resuits)
with renormalization/factorization scales p= <pT>

+ nonperturbative corrections from Pythia (underlying event, hadronization)

-
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3-jet-mass cross section: Data/Theory w
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Ratio 3jet / 2jet cross-sections w

test pQCD (and o.) independent of PDFs

Conditional probability:
Rs) P(3 jet | 2 Jets) = O-S-jet/ O3 jet

* probability to find a third jet in an inclusive dijet event
* Sensitive to o, (3-jets: a2 [/ 2-jets: a.?)
* (almost) independent of PDFs

- small, residual PDF dependence because 2-jet and 3-jet

cross sections have slightly different decomposition
of partonic subprocesses

Gregorio Bernardi / LPNHE-Paris 12



Ratio 3jet / 2jets analysis w

Measure as function of two momentum scales:
*  Prmax - l€ading jet pT - common scale for both o, and o,

Prmin - SCale at which other jets are resolved

Sensitive to o, at the scale p,,..,
= probe running of o, in Tevatron energy regime - up to 500 GeV

Details:

« inclusive n-jet samples (n=3,2) with n (or more) jets above p, .,
« |y|<2.4 for all nleading p; jets
AR . > 1.4  (insensitive to overlapping jet cones)

« study p,,.. dependence for different p, ., of 50, 70, 90 GeV

> Measurement of R, (Prmax; Prmin)

Gregorio Bernardi / LPNHE-Paris 13
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Results R 3/2
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— PYTHIA:
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16

14



Exclusive Diffractive Dijet Production w

Clean process, could be used to search - Data

for the Higgs at the LHC (cf last week % 10° D@ Preliminary, 30 pb'|— NDF
M. Albrow’s W&QC) O

N
Run Ila data, highly prescaled triggers ~—~ 103
- 30 pb! equivalent luminosity

2 central jets, |y|<0.8 5 102
pr>60, 40 GeV, dijet mass > 100 GeV = 10

“Hard” Scattering Suteoi

200 400 600 800 1000

M [GeV’I
Goal: separate .p| | :
Hard Non-Diffractive (NDF)/Pythia, Dijet Duet
Single Diffractive (SD)/Pomwig E
and Inclusive Diffractive (IDP)/FPMC * —x .,
from

Exclusive Diffractive prod. (EDP)/FPMC
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Exclusive Diffractive Dijet Production w

Very forward region |n|>3.0
=» Separate NDF from SD, IDP, EDP

less forward region 2.0> |n|>3.0
=»Separate EDP from SD and IDP

= Use Calo cell transverse energies
to measure the size of the rapidity

gap o f—=Data
+ 10 D@ Preliminary, 30 pb”"'|== NDF

bl | =t

, | 1
A=zexp(— Y Fr/GeV) + 5 exp(~ Y Er/GeV)

2.0 |7 <3.0 3.0<|n]<4.2

NDF IDP SD EDP Data
All : 410k+24k 48+24 2.9k+1.5k 31+2 412k
A>0.85:4.2+1.6 0.9+0.40.2+0.1 12+0.9 26
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Exclusive Diffractive Dijet Production w

O 5: o -1 > 16F — 3 —— Data
X DO Preliminary, 30 pb © | °F D@ Preliminary, 30 pb' |~ NDF
@ 4 G 14F SD
Q i Q 12f mDP
T 12}
¥ 3 2 106 | —EDP
5 a '
'&. 2:_ o 8F
- - g 6:
< 1¢ 3
= ﬁ B N "i\;
O - , 2
1o {53-150'20_3*'2:6”366
i 0.2 04 0.6 0.8 1
A M, [GeV]
Run Number: 208856
26 observed events at A > 0.85 Event Number: 50853397
5.4+42;9 background expected Mi:j?giev
(12.0+£0.9 Exclusive Diffr. Dijet Production exp.) ————
4.1 sigma evidence of observation l
of Exclusive Diffractive Dijet events ! ;f“L
(2.8 sigma expected sensitivity) RSN G

; g
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Top Physics — New Results

Top pair cross-section
- All-jets
- Dilepton

Differential ttbar cross-section
- lepton+jet as function of top p;

Single top quark
— Cross-section in tau channel
— Evidence for t-channel

Top Width

Gregorio Bernardi / LPNHE-Paris
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Top results since LP 2009 (I) w

All-jets ttbar cross section
arXiv:0911.8286 1 fb-1

o, (Pb)
()]

single top cross section in tau+jets

. -1
_ channel arxiv:0912.1066 4.8 fb
5 -
r —— Moch and Uwer
I } PRD 78, 034003 (2008) DO e+ combination (23fb") — @ 3.94 0% pb
L D@, 1 fb
0 1é5' -1;0' -1 ; 5' '1;; DO t+jets (4.8 fb™) Py 3.40 "33 pb
m, (Gech)
DO e++t combination e 3.8470% pb
D T ——————— CDF combination (3.2 fb™).— @ 2.30*0 % pb
|00 16__ D@ ® data, 1 fb1 A
> T NLO pQCD ] . +0.58
80.14_— Approx. NNLO pQCD ] CDF+DO0 combination — (O 2.76 "y ,; pb
3 P 7 MC@NLO ] Theoretical SM prediction at top quark mass 170 GeV
H H = 0.12F 3
differential I+jets  2*% === PYTHIA :
] goif oy ALPGEN . 0 1 2 3 4 5 86
cross section as ° ooy | E o(pP—> th+X, tqb+X) [pb]
& 008
i T .06 -
function of top p; =
0.04[- .
aI‘XiV: 1001. 1900 0-02-_ ----- .
0 50 100 150 200 250 300 350 400
. . . top quark GeV/c
Gregorio Bernardi / LPNHE-Paris Pq Py [ ] 19



Run IIb dilepton analysis D&y

e+

0 o .
proton winf— 2 leptons (e or u) pr>15 GeV, = - DO preliminary Eii:i‘:.;?hg
» 2 jets, [n]<2.5  pr>20 GeV 3 % e
* H; or Boosted DecisionTree cuts  © 4ot :_Deta: 331
antiproton " . D C
against background 8
V £ 30
< C
20f
ee e H 10"
7 — Ul 8. 3+§j 11.9751 217758 :
Dibosons 21705 | 6.5 ) 3.3t 50 100 150 200
1HOROHE 08 20 L2 leading jet p_ (GeV)
Instrumental background 0.1“:0'1 10.7'J_r3'g 3.2J_r0'7
- . ; a4 12 ) Z bokg: 42.1
tL— 0jj (0 =745 pb) | 369738 [143.4+14.3|45.1+44 £ 80 E?FJ"'I"“'“"‘"’ —
' ' > [ Fake bekg: 14.0f
Total expected events A7.6 +£6.2| 172.6715> 73,3751 - [ 1] B : 2650
16.4 3.8 [e) 60— * Data: 331
Data 55 204 72 E
& i
> 40-
Total systematics: ~11% 20"

50(

 (Gef
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Run IIa+b dilepton cross section 3y [

ee 1 oy = 9.0578 (stat) T13 (syst) 0.7 (lumi) pb;
Run IIb ep Oy = 9.1708 (stat) T1°0 (syst) & 0.6 (lumi) pb;

Pt o= 72713 (stat) 713 (syst) £ 0.7 (lumi) pb;

b oy= 8.870:8 (stat) T35 (syst) T5-% (lumi) pb

Run IIa+b eM,, =1725Gev | ££: o =84=+0.5 (stat) 1% (syst) 7o¢ (lumi) pb

imi -1 * = prelimi March 2010
. D_Q Preliminary, 5.3 fb DO Run Il preliminary
o % =
Q.14 I+jets, dilepton, T+lepton (PRD) He 0.46 +0.66 +0.54
I 1jo o g’ ° 7.84 7035 "0'5a “0.26 P
[F=)
L 4
b |+jet57$b-tagged & topological, PRL) oH 7.42 +0.53 £0.46 +0 45 pb
12 091
B +j . +0.52 +0.77 +0.53
B | 1131;?,5“6”3' network b-tagged, PRL) P 8.20 l05s S0 67 —0an
i dilepton (topological)* +0.52 +0.85 +0.65
10— : 55 ‘:tﬂ (topological Hte 8.23 1,51 J080-057 PP
L o Y e (e —e—tH 50 115 15 w05 pb
8— tau+lepton (b-tagged)* +1.34+1.20
. - fbf’ (b-tagged) H—e—H  7.327] 21" 0 045pb
L T N, e tau+tjets (b-tagged)* L ® ' 51 *43 07 3 b
6_ 0.4 fo~! ! b A 35 g7 03P
B alljets (b-tagged, PRD) +13 +1.4
i nad N 110 o 2gge - — 6.9 13 '3 04 pb
B NLO+NLL Cacciari et al. terten : (stat) (syst) (lmi)
_ —— NNLO approx Moch and Uwer N ’
- —— NNLO approx Kidonakis et al. o me, = 175 Gey M M- Cacciari ef@l, JHEP 0809, 127 (2008)
_ CTEQS 6M N. Kidonakis and R| Vogt, PRD 78, 074005 (2008)
_ I I I I I ' S. Moch and P, Uwer, PRD 78, 034003 (2008)
2 L L L L ~ L . L L L L L - L L L L L L L | 11 | I Ll 1 { - L l Ll l L I
150 160 170 180 190 0 2 4 6 8 10 12

Top Mass (GeV)
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Top quark Width

Lt — bW)sy

I'(t — bW) = o(t — channel) o(t — channel)oy

:fap
o(t — channel) P((f _}: bﬂg)sm
Ft = og(t—channel )gn
B(t — bW)
t-channel
single top
top deca
o (t—channel) B(t — Wb) = 3.147 555 pb b i hi d ti
2.3 fbl PLB 682, 363 (2010) rancning ratio
R= U= ) 0 0002 sta) *488evs)
0.9 fb! PRL 100, 192003 (2008) .
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Top (partial and total) Width

Partial width
= [
> [ DO Run i Preliminary, 2.3 1k
g 1-2; m ExpECtEd r(t—)Wb} = 1_33“::: GeV
%.‘ 1: [0 Observed I' (t—>Wh)=1_gu.:f: GeV
e
3 b
500
s -
® 0.6
o -
a
0.4
0.2
- L [ i
% =05 1 15 2 25 3 35 4

[{t—>Wb) [GeV]

T(t — Wb) = 1.90+:3 GeV

'y > 1.21 GeV at 95% C.L.

Tt < 5.4x 10725 g

Gregorio Bernardi / LPNHE-Paris

Posterior density [GeV ]
o [ o —h
B » fos - X

=
M

Total width

D@ Run Il Preliminary, 2.3 fb"

[////| ExpectedI=1.38""25 GeV
\\ | Observed I

+0.57
= 2.05°"%7 GeV

't = 2.

Ty = (32

057020 GeV

+1.1
—0.7

) x 1072° 5
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Tevatron combination on W width w

The width of the W boson determined by DO in Run-II, using W e nu decays observed
in 1 fb—1 of data is extracted from fits to the transverse mass distribution in the range
100 < m; < 200 GeV. The central value of the width is 2028 + 72 MeV,

Run-1 Rup-1I _
CDF1a] CDF-b] DO-b | CDF | DO Width of the W Boson
Measurement : I, [MeV]
['y (published) 2110 2,0425 | 2231 2032 |2,0283 J_— B o324 395
Total uncertainty (published) 2|13 D8 R4 T e o 1 2043 + 138
My used in publication 80,140 | 80,400 | 80,436 || 80403 | 80.419 DO-1 o . 9242+ 172
Correction to ['y from My —T78 03] 111 12] 60  epEa _._H 2033+ 72
[y (corrected) 2032 20428 | 22421120332 | 20343 | pe-n H_L 5034 + 72
Total uncertainty(corrected) 3203 1383 124 724) 719 x2/dof=1.41/3
Uncorrelated uncertamty (corrected) | 3276 | 1368| 1674} 687 685§ | Tevatron Run-I/Il %ﬂ 2046 + 49
LEP-2" | —e— 2196 + 83
| | Relative Weights in % | ¢ onaes
CDF Ia 16 Py = 2,046£49 MeV 9 Hord A ' e
CDF Ib 10.8 . | (Preliminary)
DO 1 5.4 | TeV error improves L | L
CDF I 12| from 62 to 49 Mev 1600 2000 2400
DO 11 41.2 TW [Me\/] 2010

a preliminary world average of ['wy = 2, 085 + 42 MeV, which is in excellent
agreement with the SM prediction of 'y = 2,093 £ 2 MeV [21].
Gregorio Bernardi / LPNHE-Paris 24



New Phenomena Results w

Search for Resonances
- W' > W Z (> tri-lepton)

— RS Gravitons — ete" [ yy

Gregorio Bernardi / LPNHE-Paris 25



Search for W’ resonances w

q W

 The sequential SM N AAMAAAAAN
— same couplings as in the SM 7 Z
e Search for Technicolor resonances bbb

- pr/a;r — WZ — lllv

e Extra-Dim. Higgsless model

o Little Higgs model

Gregorio Bernardi / LPNHE-Paris



W'-> WZ - 3 leptons + v

4 signatures: eeev, eeuv, evup, LUpy
3 leptons: p; > 20 GeV, Missing E;
Select Z candidates

Source Uncertainty
] o Luminosity 6.1%
SYStematlc uncertainties |:> AcCCX Eprigger X €TD 20%
Z + jets A0%
Zy 100%
Theory 2%
% 5:_I D®~4-|1 fb! I—‘— [I)a'ra | _:
Source Total % E WZ Monte Carlo E
W'(500 GeV) 4.4+1.1 g 4 Z+X (X=v. jet. Z) B
W 2 9.04+1.5 E o I W’ 400 GeV SSM signal -
A 1.0+ 0.2 - - W’ 500 GeV SSMsignal ]
Z + jets 0.2+0.1 2 | Ut . =
Z~ 0.1 +0.1 C | - :
Total 10.2 + 1.6 2 E
Observed 0 oL e U b :
100 200 300 400 500 600 700

WZ transverse mass (GeV)
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Limits on W/, on W'WZ couplings

o Within the SSM model, we exclude
— 188 GeV <M(W") <3520 GeV (obs)
188 GeV < M(W') < 497 GeV (exp)

= T T T L L L
2 .3 -1 50 T T
- 10° DD 411 e Expected 95% CL. limit  — ) -
S O F = Extend to W’WZ couplings
= N ——— QObserved 95% C.L. limt ] 2
10° & . ] —
::‘,?'T. = —— 0xB(W— WZ), SSM 3 A - Excluded 95% C.L. region
- = ~
E oL 777) +15.d. expected limit 1 g B Erpccied 95% C.L. fimit :
S E £ - . E S --------- SSM value ]
D [~ | T — b .
1g Py = éﬂ o
= S Z A 3 5
B o 7 A0 o, =
C & 1 3
0
lﬂ'l=— T —— Q
;I | 1111 | L 111 | 1111 I 1111 I 11 IH 1111 | 1111 | L 111 I 1 'I_— N ] --------------------------------------- __.
200 300 400 500 600 7TOO 800 900 1000 g C ]
My (GeV) % | D@, 4.1 ']
_|||I|II||||I I||||||I|I||I|l| || ]

600 700 800 900 1000
W’ mass (GeV)

200 300 400 500

Gregorio Bernardi / LPNHE-Paris 28



Limits on Low Scale Technicolor w
Within LSTC
— Mass of mp~ goes up rapidly than masses of (p, ®r)

— Mostly decay with at least one gauge boson

+ 4 . + + +7.
pac = Weny prfas— W
— Very distinct signature, narrow resonances

~—~ 350 T
- B _ : :
Previous searches were done in py/a,—Wr—lvbg & " | [ ] Excluded 95% C.L. region | 7
. = - Expected 95% C L. limit AN 7
— Allowed only if M(r;) < M(p;) - M(W) E 300: - p:ie;;T threshold _:
E - —— p,—Wrn; threshold -(ﬂ <A .
M(rt;) > M(pq) - M(W) 250 SO
- decay to WZ Yool 3
150 -
- R DP. 411"
y0 0 Pt P I T A S RS R M
200 250 300 350 400
« We exclude M(p.) (GeV)
T
— 208 GeV < M(py) <400 GeV at 95% C.L. (obs.) 1

~ 201 GeV < M(p,) < 339 GeV at 95% C.L. (exp.)
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Randall-Sundrum Gravitons w
 Randall-Sundrum Model
NE-

weak brane
SM fields: weakbrane Graviton: gravitybrane
Any mass parameter 47on the weakbrane will %]‘fy
correspond to a physical mass 14 in the /
fundamental higher dimensional theory.
=RXP(—A7'TT) L , , , _
\p( ' ‘ ) 0 * Compactification of 5th dimension : Kaluza-Klem (KK) gravitons
warp factor * Spin-2 with universal coupling to the SM : BR(yy)/BR(ee) =2
TeV scales are generated from fundamental scales q . g .
via a geomefrical exponential factor if /7, ~ //-72. >bi’:~ :Z?@(’ﬁ
q Y g Y
q & g e

» Parameters : 1) mass of the lightest KK graviton 47

2) coupling constant F/ ﬂ'ﬂ, 001</F/ EPJ <01
* Narrow Resonances
Gregorio Bernardi / LPNHE-Paris 30



=

ee and yy spectra

10° ——— Data
10 [ ] Instrumental background
3 Total background
10°8° Signal: M =300,450,600 GeV, k/M,=0.01
10° = 10*
10 b} —— Data
) D2 5.4 fb" g 10° [ ] Instrumental background
preliminary ~ Total background
10 2102 : =~
- (a) c 'Y E L T e Signal: M =300,450,600 GeV, k/M=0.01
10 D 1
10‘3 L | L L | L L | L - a 10
200 400 600 800 1000 —
M. (Gev) O DZ 5.4 fb
. g preliminary
2 EM objects p>25 GeV, |n|<1.1 € 10
2 track-match - ee 107 (b)
1 or 0 track match - yy 10° L1 l T
200 400 600 800 1000
MW (GeV)
GeV 60-200 200-300 | 300-400 | 400-500 | 500-600 600-
Data 16703 212 55 16 2 2
Bkgnd 16703 | 238.0£29.8 | 48316.0 | 141218 | 4406 1.9£0.2

Gregorio Bernardi / LPNHE-Paris
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a(pp — G+X) x B(G — ee) (fb)

10

200 300 400 500 600 700 800 900 10001100

—=— 95% CL upper limit
= expected limit
- expected limit + 1o
expected limit £ 20
— k/M =0.01
- k/M,=0.02
=0.05

DO 54fb"
preliminary

Ll b b b ||||||~|||||||||||||

Graviton Mass M, (GeV)

o

Q :

N
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

[ ] excluded at 95% CL

expected limit
[ Do PRL 100, 091802 (2008)

D@ 5.4 b’
prellmlnary

077300400 500 600 700 800 900 1000 1100
Graviton Mass M, (GeV)

RS gravitons excluded for M < 1100 GeV , assuming k/M=0.1

Gregorio Bernardi / LPNHE-Paris

< 560 GeV

0.01
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New MSSM Higgs Results D&y

« Minimal Supersymmetry Standard Model:
Two Higgs doublet fields
After EWSB: four massive scalars (h9,H% H*) and one pseudo-scalar (A?)

« MSSM at large tang:
®9={h9/H% A%} nearly degenerate in mass
Coupling to b enhanced (oc tanp)

Significant increase in production rate: ¢,y < 2 x tan?p
BR(®°—>bb)~90%, BR(0—>t+t)~10%

b(b)+®%->1 1,4 b(b) DO MSSM combination
- 2.7 fb-1 — based on 2.6 fb-!

Updated Tevatron combination
(see Matt’s talk)
— with ®0—11 (2.2 fbl)
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bo > b1, 1, D5

All Tath pes KS test=0.76 Key for Plots

Data
Z+HF+] — tt+HF +

Z+— Tt +

QCD

W+HF+] — v+HF +j
W+ —= v +j

Z+HF+] = uu+HF +
ZH = up 4

Single top

WW/WZ

tt — Ivivbb,lvjjbb
Signal M=120 GeV

Muon:
pPr>12 GeV, |n4<2.0

Tau:
Type 1,2 : p;>10 GeV 1h
Type 3: p>15GeV

LI

150 200 250500 550 400
Jets M, yer (GeV)

p>15 GeV, |n|<2.5

[
cn

%10 Tau Types KS test=0.93 ; DO. 2.7 fb « Data
- £ = T W Z+jets
b-tagging 2200 (@) I Multijet
Nthag g - ml
i u B Other
- Signal ,
Channel competitive , M,=120 GeV/c
at low mass since
not swamped by Z-> 11

120 140
Missing E_(GeV)
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(=]

b¢ > b 1,1, limits

D@, 2.7 fb'

n

b

nected ||

=— Obperved Limit
== Expected [Limit

Exprectediimmt +40—

[
;;;;;

Limit c{pﬁ—rq‘b‘!xBR{qJ—rcﬂ (pb)

P e

1 Observed limit
— Expected limit 40

D@, 03 20

D0 combination with

1.2 fbt bz, 7,

D@ Preliminary, L= 1.0-2.6 fb"

e
g 100

m,, max, u=-200 GeV

80_—
60_—

[ ] Exclude:
Observe

150 200 250 300

M, (GeVic?)

401 — Expected limit
i (b)
i LEP
20 D@, 0:3 fb-!
o_llllllllllllll‘ll|||||||||||||||||||||||||

)

Gregorio Bernardi / LPNHE-Paris

W Observed limit

M, (GeV/c?)

90 100 110 120 130 140 150 160 170 180

170 180 100 Tr 'E::’:;
(GeVic?)
Future updates of
DO and CDF+DO0
combinations will
greatly benefit from
this channel, in
particular at low m,
35



SM Higgs Searches, Low Mass Higgs w

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

-
(=]
T

o) :
= 0 A AN RPN A < = a i sy ! :
i Hnseio it - Sl 1o oty =  Production
= B ' ‘ ‘ ‘ . i i : . o gg—
4 L L LY H i i ; S S S ] = 1
§ " L < ] 3
I i a
@M, =115 GeV 3 3 |- - 8,
. £ PG - s
Obs:2.7 Xogy & © u

Exp: 1.8 x o, > 2 |

Excluded by LEB

KOO AR
) M— | ...and more!
. S SR S e 3 100 120 140 160 180 20

Novgmber &, 2008

0‘II]{l 105 110 115 120 125 130 135 140 145 150

-WW my (GeV/c?)
m,(GeVic?) P |
Major effort underway to continue to £
improve sensitivity: g
— Adding channels (i.e. t,y) |
— Optimized object
identification/resolution _
— Optimized selections and signal-to- E/ |
bckg discrimination (multivariate £ HEs \
techniques), and of course, sl 120710 60\ >

my, (GeV/c?)

add more luminosity
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SM Higgs Searches at the Tevatron

Low mass (m, <~135 GeV):
dominant decay:

H —bb

Use associated
production modes
to get better
signal/background

b jet qq’ >WH — /vbb
qqg > ZH — ¢*¢"bb

Intermediate mass:

qq > WH —>www ©

High mass (m_ >~135 GeV):
dominant decay:

H->ww®

g

Gregorio Bernardi / LPNHE-Paris

g tH:W
1
1

gg > H >WW — /vi'y'

W Published with more than 5 fb
Other channels to follow soon
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x10°

12/-pre-tag

Events / 0.06

+Data
r _._- T
10; - IV?-F];LNV
8r I +.mu§et
6k JVHx500

D@, 5.2 fb™

ZH-> vv bb

Cut @ 0.6 removes 95% of
the QCD background, 65%
of non QCD background and

keeps 70% of signal

Most difficult final state
among most sensitive
channels = good test!

[ 3
2 > 1G¥10 -1
q, - pre-tag D@, 5.2 fb
0 0.10.20.30.40.50.60.70.80.9 1 S . 3ot
Multijet discriminant S 8 ZTop
o 6 H -Mlﬂftfgjet
£ I I VHx500
3 200single tag DG, 521" | & 4 -l
o 400- ++ = Re -
& F W V+hfVV i
2300- =i / ) 500350~ 300
€ 0 50 100 150 200 25
:;,j 200F DiJet Mass (GeV)
100" 80r
: S £0.D9, 5.2 b double tag
0 50 100 150 200 250 300 o - +-Data +
DiJet Mass (GeV) ~ 60~ Top
2 5oL MV+h.LVV
2 140-double tag D@, 5.2 fb™ o - | Va4lf +
o g q» + Data > 40 [LJVHx 10—+—
S 120\ Top L =
T 300
= 80:_ [JVHx 10 20—_
(3] 60 -
= E o
W 40t H 10
203_ % ll]lllllllllllllll |l|
: 010.20.30405060.70809 1

50

100 150_200 250 300

DiJet Mass (GeV)
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ZH-> vv bb w

E?: 85_ — Observed Limit || """"""" LLR, 2 5.d.
é\ 75_ ...... EXpECtEd Limit ........................ , ................... :...;55......‘.,‘.‘. ..........

E 6;_ ..... Dz’s-z‘fbﬂ, ........................ ........................ CRERET L i L RN (R

(11} =

2& 5 :_ ____________________________________________________________ B At SO

I =

S 4 L it A IOt N

E 3;_ ..................................................

|g- 2;_4, ..........................................................................

o -

T I . . . : . A N D T R

'E 'POO 105 110 115 120 125 130 ‘?00 105 110 115 120 125 130 135 140 145 150
=

m,, (GeV) m,, (GeV)

Observed Limit 3.7 x SM @ m, =115 GeV
Expected Limit 4.6 X SM  phys. Rev. Lett. 104, 071801 (2010)

What to do while Luminosity builds up ?

= Observe VZ with Z=> bb

= Search for BSM Higgs

= Search for SM Higgs in extended SM (4t gen.)

Gregorio Bernardi / LPNHE-Paris 39



SM: 4th generation extension w

« 4t generation of chiral fermions

 major constraints

— invisible Z width
. M,, > 50 GeV

— direct searches
« M, > 256 GeV (CDF)

— generational mixing

e LEP Il bounds for unstable v4
- M, ,>100 GeV

49

D00,

Can we exclude a 4th Generation in the SM
with our results on the Higgs, since the ggH A1 H
production is strongly (x9) enhanced ?

g WO

Gregorio Bernardi / LPNHE-Paris 40



€4 4tk generation Higgs prod uction & decay w

..... _zsoseumh 350GeV ,‘4{*,.
: 2t e

- My —E?SGe\.-'m =225GeV

- mu‘=SDD'GeU m, =300GeV

e gg—H production through a heavy
quark triangle loop

o for each additional quark, an
additional contribution

e gg—H coupling enhanced by x3

= o(gg—o>H) x9

e associated production and vector
boson fusion left unmodified

mu' =m d.: o

Enhancement Factor

i i i i i A
200 300 400 500 600 700 800 1000
M 5qs(GeV)

 modification to the gg—H coupling he
changes the branching ratio [

e H->WW still dominant decay mode 0.1;
above 135 GeV s

e modified HDECAY with 4t
generation to calculate Higgs
branching ratios

— Kribs, Plehn, Spannowsky, Tait 0,001;

e 2 mass scenarios considered but
little difference

0.01F

Branching Ratio BR(H)

0.0001

100 200 300 400 500
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Modifications to SM analysis

Gregorio Bernart

10

107

only gg—>H—>WW signal

— extend M, range [110-260]
— remove A¢(4 4) inep
Ad(h, /£)<2.5 for ee and pp

P(AD)

my= 130 GeV

my= 200 GeV

Signal: H — WW — Ivlv
AD (1)

m,= 300 GeV

15 2 25 3
A0{T, 1)

ETTTTTII IIIIIIII| IIIIIII| IIIIIIII| IIIIII| T

H— WW — uu

(AN [N 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 11T

——data

Z—pp

Dlboson

Wejets/y

QCD

tthar

_Hm—>WWx 10

0

PN N T T A N O O B AN
01 02 03 04 05 06 07 08 09
NN

L LA L L L B
D@ Preliminary
H— WW — un

e —
Run I, 5.4 fb

D Wets/y

— Hyg— WW x10

—— Hy3— WW x10

e Hygg — WW x10

3
A{uu) [rad]

101

Lol 1

|:| Diboson
|:| W+ jatary
|:| aco

|:| tibarinel_170

— (HXD A0 M =18
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CDF and DO limits

2 4 [ COF fun  Pliminary || e soteee 5t o SR SRR AR R R W s T
g N L=4.8 fb ; " Observed 95% C L Limit ] E’ L L=5‘4fbi'1 Ec}hm,ﬂi 1 ]
: 3 " |:| tluiExpcctchEm.it ] ’_] 3 !A ________ o e o o N S I:[;ZGE]:Z[HI R
o) + [ +20'Expected Limit — 4 \ % AG(inf} oxBrH—WW) ]
g mm (Infinite Mass) 1 g L \ 4%—46(1‘) m)oxBr(H?—-WW) B
r-:?\ 2 i" — 4G(_Lovsf Mass); a 2 ;. V‘ ; i
%B E .,
1 1 / D\
-.i\\\i.i\i.i.i.i.t.i.i\\\i.é\ 0-'“Lé"'i’L'i"‘i"'%"'E"'_
07120 140 160 180 200 220 240 260 120140160 180 200 220 240 %0
m,,(GeV) H
« absolute limit 6(gg—H)xBR(H->WW) [pb]
« theory error 14%, for infinite and “low” mass 4t" gen. quarks
Combining CDF and DO data, and ordering data in log(s/b):
5107y T T ol —/————
§m 4 [ CDF+DORun It Prefiminary Bt grond ; o - CDF+DO Run II Preliminary —+ Data-Background ]
R0 ressam B Signa % 80 [ L=48-541fb B Signal g
- - j= L ]
10 ; ey =200 Ge' + 5 60 = — =1 .. on Background -
102k T —— . 40 —
10 ;_ *- — 20 :_ + :
E —— | ] l | p
1k 0 :E—_ — — T +_
o r k -20 “‘ ]
2| = 40 | -
10 F ] 5 )
_3f -60-'..|...|...|‘.‘|...|......|n}”.ﬁ.2[|)0.(.}?‘{...—
10 " e 2 -18-16-14-12 -1 08 -06-04-02 0

0 0.5 1
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Combined CDF and DO limits D5

~ 4 T 1 T L UL L N S ot L L L L N L U I L L B
= e : ; . b cennn | :
S [COFDORuIPreliminay "“dl‘ st ]2 B\ CDFDORunllPreliminary 7 BXPeCted
g =48 5.4 b o Obscrvcd QS%CL me _r.a) ;. L=48 - 54fb1 = Observed ]
é [ =20 Expected Limit A 1 +2g Expecte_d _
E : ............... . ...... m 4G (Inﬁmlc Ma&s} CE TP 4G(LowMass) ’
2 : 4G (Low Mass) g { : : 5
? 500 RSN RN SRS NN S S s OO O SO O S Q 2
% 2 [
5 h g I
| — - - i i ; ; : : i E
1 i NG SEe 4 1 _ : 4G(1nf) 1 E =
__________________________ @) é . e .-
; s : : : : : ; i IS
0 i 1 I 1 L 1 I 1 I 1 | 1 ; 1 | 1 I 1 | 1 1 L 1 L k L t 1 f 1 a 0 i L I L L L I L ; 1 | 1 | L | L | Il | L l il 1 L f L t Il f L ]
120 140 160 180 200 220 240 260 120 140 160 180 200 220 240 260
my(GeV) my(GeV)

in 4t generation model the Higgs boson is
excluded for m,; 130-210 GeV (125-230 GeV expected)

close the gap at low mass (115-120) needs 2.5 times more lumi @115 GeV
for bb channels due to B.R., but improved sensitivity in H>WW should
do the job (also crucial for low mass SM Higgs)
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Conclusions D

Many new results, but many more are coming
thanks to the large luminosity delivered

We have learned to cope with high luminosity
conditions, publishing > 5 fb-!

Looking forward for more data in 2010,
2011, 2012.. (oops!)

Thanks to all Dzero and CDF/Tevatron Colleagues!
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