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> ldentification of hadronic tau

decays in DO:

*Very narrow and low multiplicity
jets. Challenging at hadron colliders

like Tevatron. -» R. Madar

- SM Higgs searches
*WH-Ttvbb
* HV-1t*ttqq, V=W,Z

- MSSM Neutral Higgs
*o—-TT, 0 =A, h, H
* bp—-bTT
* MSSM combination

> Conclusion
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V. {f ——_ —» g% » cluster+
f,rﬂr' no TRK, q ;::"‘_--::__bﬂﬂ Er:;;?
0% but EM *r
AT sub-cluster
Type 2 , ot *1
T ”'ﬁ \‘ " - For each tau type, a separate Neural
. T TRK+CAL Network is trained to separate
! hadronic taus from jets.
: - For type 2 taus, an additional NN is
>1TRK + trained (NNe) to further discriminate
»  Wide CAL type 2 taus and electrons.
cluster
. ’ - See talk by R. Madar
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MANCHESTER SM Higgs boson searches (1)
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> Gluon fusion is the dominant channel, but is
overwhelmed by multijet process at the
Tevatron. 2l

> Next is associated production of W/Z+ Higgs. L 1

> W-e/u provide clean final states, but tau final | )
states also contribute. . i

> Also, large coupling of SM Higgs to leptons is ,0'350 e s 1(;0

via taus.
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SM Higgs boson searches (2)
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WH—1tvbb

B WH-Tubb ZH-Tttbb
HV -1t qq If one of the tausis not identified.

* pp—~ZH; Z-TT; H=qq
* pp—~HZ; H-TT; Z~qq s -

* pp—»HW; H-TT; W-qq' q z q W
* gg—H; H->1T + 2 additional jets

* vector boson fusion with H->tT
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SM Higgs boson searches (3)
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a7 WH—1vbb 4.0 fb! : Background modelling

02.)6 T2 F wn 20

cc 2 = D@ preliminary (4.0 fb') S E D@ preliminary (4.0 fb)

:) ® E 6: ;?: E 135 ;Efm

e= g% Typel S ofe Type2 E:=

~0 u s one-prong o a -
T charge-pion decay— =" eutral-pion decay™"

CP - ] [
TTTTTT[TTTT[TTTT[TTITT

0.2 0.4 0.6 0.8 1 x . 06 08 1
DT discriminant DT discriminant

> Main background sources:
* (W/Z)+(light jets) due to flavour misidentification
* multijet events with fake missing transverse energy (MET)
* ttbar and di-boson
- Multijet background is estimated from events with 0.3<NN _<0.7

> Final state signature: two tagged b-jets, MET > 15 GeV,
with only type 1 & 2 hadronic tau candidates.

- Use Boosted Decision Tree (BDT) to distinguish Higgs signal
events from background.
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SM Higgs boson searches (4)
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BDT{HW,tlbar] BDT{HW,Wiela]

D@ Preliminary, L=3.9 fi’

1
BDTHYMI)

o 12
E - * data
- BDT trained separately for @ 10f + =i
different sig. and bkg. processes.  f — vy
* ttbar, W+jets, and multijets . - o Signal x 50
used as one selection cut - "I Runlb
* Z+jets (more signal lik ar By
jets (more signal like) : ‘M, =115GeV
used as final discriminant 2F 1
; -0.8 -0.6 -04 -0.2 -0 h.(.l.2 04 06 08 _ 1
BDT**
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SM Higgs boson searches (5) w

> No excess is observed, o X BR Limits are set at 95% C.L.
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WH-—1vbb (4.0 b)) HV—-1'1qq (4.9 b
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MSSM Neutral Higgs Sear ches w

ba 100 g T T T c
S o U1 . MSSM Higgs Search
55 [ .1 * 3 physical neutral Higgs bosons
é‘% T, after EWSB
: Z - two CP-even : h,H
33 - one CP-odd: A
; (h/H/A are denoted as @)
* tanB: ratio of two v.e.v
* Production cross section is

90 100 130 150 200

M, [GeV enhanced ~ tan?f

I = —
2 Ferny  90% 7 G
_ % " tgh =30 i
- ¢ — bb (BR ~ 90%) o
overwhelmed by large multijet g 10%
background in hadron colliders. [ ]
« o — 1t (BR ~ 10%) 0t tanB =30
smaller BR, but cleaner signature w ]

10~ L :

100 200

M, [GeV]
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- DO —Z/Y*—wm:
— 0 — 11, 120 GeV

107 E
5 — ¢ — 717, 220 GeV

Events
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Search in three decay channels: i
¢->T T — YT, (2.2 fb?) - H

eT, (1.0 fb!) i > \l1i050ible1Fi\(ljla.'5‘..'5‘?0(0(313\/2)50
ed (1.0 fbl)

D Preliminary (1-2.2 fb ™)
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Multijet & W+jets

- Distinguish signal from Z-TT
background mainly by mass.
- Presence of neutrinos, not E
possible to reconstruct full mass. «;

Other EW & T

Events per 10GeV
=

| -m-. M=160GeV (o = 30pb)

L Ty 2 :
Mvis:\/(p + P +PT) ‘g_
P is the 4-vector of tau decay products Eil o0 0 0 [ EEpEs
. . 0 50 100 150 200 250 300
and missing transverse momentum Visible Mass (GeV)
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bd—brt (4.3 fb) w
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:E)§ G —— > Select b-tagged jets to suppress large
22 contribution from Z-TT.
=0 0O > post b-tag: dominant background consists
b - .
of ttbar and multijet events.
g b > Build final discriminant based on b-tagging,
multijet, and ttbar MVA discriminants
; -1 — data ; _ —1 — data
TUE@ Ruln” .p.r?“,m". L =,43 fb —— :'ut& Wejets _D@I 3“.”'.' E)r(.a“.m.",L._.‘dl.'s'ﬂ? - :‘Ut& W-jets
- I Z + light - B Z - light
60 Al T types Mz 1305 All Th types -2+zi
= Blz:2b 1601 Mz
S0F I 140F o
- diboson :_ iboson
2y o
— T Th 2 - -
% Mvis:\/(p +p +I?T) 1 sof =
20 1 eof =
10[- e =
; L 1 20F E
00 50 100 150 200 250 300 0 - L L PRI 7
Mvis [GBV}{CE] 0 0.2 0.4 0.6 08 . .1
Discriminant
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MANCHESTER Limits
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g ¢ 95% C.L. mass-dependent limits calculated for o X BR
3=
M
02 Example on b¢—-btt
|_q6 i) 10 : : H
= : - — observed limit -
g D@ preliminary, L=4.3 fb™" - ..... expected limit
= ¥ 1 -6 band
2 '2-cband
:
g 'F
1'3_11-.1;0" — e 'z-.i:u' — 2a|so ' '31;0'

m, [GeV/c?]

Translate into MSSM exclusions in tanB-M, space:

*M ™ (max-mixing): Maximises M, for given tanf, M,
* No-mixing: Small M .
* Both with two given value of Higgs mass parameter .
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MANCHESTER Limits (cont.)
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29 m™x, || = +200 GeV
QZJS__: q)_)TT e %100
5§ s
vs Larger statistics and not sensitive *
% to the sign of . Provides a good
probe at higher masses
~ 100 , . —f
E % ////////////////////// EE 1 Observed limit :
8 — observed limit 777 — Expected limit
: ++ expected limit Bl LEP 2
g, 100 120 140 160 180 200 220 240_
EL M, (GeV)
: bop-bTT
F | | . Most stringent results to date
R T ; """"""""" g from a single channel for direct
T . — D@prellmlnary,LHib ----- — MSSM Higgs search and
o;' i ; | ; » i i reaches tanf~35 at low m,
100 120 14IJ 160 180 200
mﬁ [GEWﬂz] (~90 GeV)
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MSSM Combination w
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£% - Combine:
25 b—TT (1.0-2.2 fbl), bp—btT (1.2 fb'l), and bd—bbb (2.6 fb)
?26 - Latest b¢—btt (4.3 fb?) is not yet included,
=5

° . Similar sensitivity as Tevatron combination on MSSM Higgs

searches in T final states.
€100 100

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

80 80

m, max, u=+200 GeV no mixing, u=+200 GeV

60 60

40 40

Excluded by LEP

w—— (Observed limit
Expected limit

Excluded by LEP

20— w Observed limit 20— [ Expected limit= 10
L Expected limit L S Expected limit: 20
Expected limit+ 10
B Expected limit + 26 i
100 0 PP s v s e e A Y
100 120 140 160 180 200 220 100 120 140 160 180 200 220
m, [GeV/c?] m, [GeV/c?]
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boson searches.

> Tau channels are important for both SM and MSSM Higgs

> No signhal observed in data over expected background.
- For SM searches, dominant channels at D@ are e/u final

states, but tau channels also contribute to o X BR limits.
- At high mass, H->WW-puv+Ttu channel is expected to be
iIncluded in future SM combinations.
- For MSSM searches, tau channels are very promising.

» Cross-section limits are
set at 95% C.L., and
subsequently translated
Into exclusions in MSSM

parameter space. :
> More than 8 fb! integrated
luminosity has been

recorded by the D@ detector, L

100 150 200 250 300

and more is coming!
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70 |-
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40
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a=V6Mg, n=200GeV, Mg=1TeV

% CL 7.00 fb!
xcl by LEP

T T T T
allo wed ]
max xcl 90% CL, 1000fb
I95/ CL, 1000fb
xcl 959 =

ArXiv 0905.4721 P. Draper et. dl.
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DO Detector w

Main Features:
~ Silicon tracker and scintillating fiber tracker in 2.0T field.

> Liquid argon/uranium calorimeters.
> Muon system covers up to [n[=2.0. -y

>
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T 1 T T T T [ T T T T T T 1
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- D@ dso performs very well and records high quality physics data
smoothly.

> The average data taken efficiency ~ 90%.
> Typically, over 55 pb™ recorded in aweek, ~8.1 recorded in Runl|.

> Analysis at DO use up to 6.3fb™ data.

Weekly Summary (19 April 2002 - 1 August 2010)
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Supersymmetry
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Standard particles SUSY particles
ugd c T o 1 c© |t
r-; p _: F:, "y _F» f c ..

- WV, pvA

Vi ~ ~ o

w e } LL 2 “ ) W

Higgs
Quarks . Leptons . Force parlicles Squarks J Sleptons Q E;Jr%;;r;rce

> One of the most popular solutions for
those open questions in the SM is the

Supersymmetry (SUSY). t
- In SUSY, every elementary particle has H H
a super-partner differs by . spin. "\ J T
> This provides a natural solution for the t
Hierarchy problem of the SM. —> P
> The minimal extension of the SM is ) i1 }i )
called Minimal Supersymmetric SN, T P

Standard Model (MSSM)
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MANCHESQEER Hadronic Tau(r_ )ldentification at DG - (1) w

"?E . Simple Cone
54~ 7 lepton properties: Eco
cc -+ Mass: 1.78 GeV ; Short lifetime: O(10*s) AL Cluster)
v= + Decay prior to reaching any detector /
=6 component. e 2 2 Gev)
~ Main decay channels: o = 0.5
(E; > 5 GeV)
e+v +0v 17.8 Leptonic e Detect using standard
(0)
L+v + 0 17 .4 (35.2%) u e/u ID algorithms
1) T
o (/K) +v_ 11.8 (1-2"02}% T, Need dedicated tau
48.7
FUK)+>104+0  36.9 ° ID to measure
o o 130 5 narrow , low
T+ 204, - -prong multiplicity jet object

- 1 identification at D@ begins with calorimeter cluster using
single cone algorithm.
- Search for the associate EM sub-cluster.
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- At tree level, Higgs sector is described by tan and M,.

- Higher order corrections introduce dependency on
additional SUSY parameters.
- Cross-sections taken from FeynHiggs v.2.6.4

Two common benchmarks:
Five additional, M max L
relevant parameters: n . (Max-mixing):

Higgs boson mass, m , close

M;,sy Common Scalar mass to maximum possible value
X, Mixing Parameter for a given tanp.

M, SU(2) gaugino mass term No-mixing:

= Higqs mass parameter vanishing mixing in stop
m, gluino mass sector, small Higgs boson

mass, mh
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