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. Physics motivation: MS

For large tan 3 A and H couplings to down-type fermions are enchanced relative to the Standard Model

values gm ¢ /2myy:

b +-—) - __sina g _ _ : _
hbb (or ht777) : coe3 = sin(f —a) —tanf - cos(B — )
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These couplings are modified by radiative corrections. E Mg=1TeV
. 4 '_ u=—200 GeV
In particular there are some MSSM parameters sets '° [  maximal mixing (———)
_ T  minimal mixing (—-———-— ) N
that suppress the H bb coupling. o5 Lol 0
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We are interested in the asociated Higgs production e ~o(gg= bbA) :
with pair of b quarks. Main process here is 0N ~0(gg- bbH) .
N ]
gluon fusion (Quark fusion is neglidible.): B \\ ]
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For m4 > 150 GeV/c? and large tan(3
CP even H and CP odd A are almost de-

Tagging at least one b quark reduces many background

processes, including minimum bias QCD. : .
generate in mass and have similar cross

sections.
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- Physics m

For large tan((): BR(H/A — 77) >~ 0.1 hdecay 3.1

with BR(TT — 1t + Tjer + 1) =0.22
gives BR(H{ /A — 77 — 1+ Tjer + V) 2 0. 022
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We have a clear signature: isolated, high p7 muon on one side, and collimated 7,.; of 1 or 3 particles on

the other side.
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. Signal and bac

Calculations
Process Pythia 6.233
[pb] Source [pb] K factor

gg,qq — bbA/H — bbrT 3.39 PPHTT 1.1, HDECAY 3.1 6.60231 1.95
bb 4.78 - 10° cernrep / 2000-004 5-10° 1.05
tt 490 Kidonakis, Vogt, Phys. Rev. D 68 875 1.79
gb — Wt 281 Belyaev, Boos, Phys. Rev. D 63 62 n.a.
W jet 4.1457 - 10* - -

Z/v* =TT — i+ Tjet 8.801 - 10° —~ —~

With 20 fb_1 (one year with low luminosity) one gets 29040 signal events.
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Samples where generated with CMKIN 1.2.0(FORTRAN) and simulated with cms133(FORTRAN). To
save the CPU time and disk space a preselection selecting events likely to pass the HLT was performed on

the generator level. We required:

e one isolated p with pr > 15 GeV/e, |n| < 2.4

e oneisolated 7. with Ep > 30 GeV, |n| < 2.4

The signal samples where simulated using the TAUOLA(FORTRAN) package.

There was a bug in the preselecction routine for Z/v*. A small (1k) sample was reproduced with fixed

software.

Digitization was done for £ = 2 - 1032 —— with ORCA 8.2.0 (C++).

cm?s

H — TT — T 7 Higgs Physics at Future Colliders, January 5 2005
Pt Tiet Artur Kalinowski (IEP Warsaw)



. Y Trigger path for the A/

L2 Calo jet: IterativeCone(R=0.6),
o L1
Et recombination scheme,
— single p with ppr > 12 GeV/c
_ _ closest to the hardest L1 tau jet,
— OR single T with £ > 93 GeV

but not further than 0.8

e HLT
— L2 Calo jet with B > 40 GeV and Eisol< 5.3 GeV/, Eisol: Energy in the
isolated in pixel detector ECAL in the ring around the
— AND L2 p with pp > 15 GeV'/c and calorimetry jet direction 0.14 < R < 0.4

isolation < 0.97

— AND L3 g with pp > 15 GeV/c and tracker
isolation < 0.97

(the tracker isolation was not used in this study)

( calo isol variable: Efficiency for the

W — pv,, sample
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\ Trigger efficiencies (

\\\ :
Cut bbH (200) bb tt Wt | Wiet | Z/v*
single L1 Mu(12) 0.89 0.84 0.9 0.88 0.84 0.89
single L1 Tau(93) 0.27 0.004 0.32 0.071 0.058 0.044
L1Mu(12) OR L1Tau(93) 0.92 0.84 0.93 0.89 0.84 0.89
L1 AND single L2 Mu(15) 0.89 0.8 0.9 0.86 0.82 0.86
L1 AND single L2 Tau(40) 0.76 0.2 0.81 0.66 0.4 0.43
L1 AND L2Mu(15) AND L2Tau(40) 0.73 0.19 0.78 0.64 0.38 0.42
L1 AND L2MuPt(15) Isol(0.97) AND L2TauEt(40) 0.71 0.14 0.73 0.61 0.37 0.41
L1 AND L2MuPt(15) AND L2TauEt(40) Isol 0.63 0.094 0.33 0.35 0.21 0.36
L1 AND L2Mu(15) AND L2Tau(40) both with isol 0.62 0.071 0.31 0.33 0.2 0.35
L1 AND L2 AND single L3 Mu(15) 0.61 0.07 0.3 0.33 0.2 0.35
L1 AND L2 AND single L3 Tau (L2 tau with px isol) 0.48 0.037 0.12 0.15 0.055 0.22
L1 AND L2 AND single L3 Mu (15) with isol(1.00) 0.61 0.07 0.3 0.33 0.2 0.35
L1 AND L2 AND L3Mu(15) AND L3Tau(40) with isol 0.48 0.036 0.12 0.15 0.055 0.22
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bbH (200) bb tt Wt Wiet | Z/~*
Cross section * BR [pb] 6.6 3.1e+06 8.8e+02 62 4.1e+04 8.8e+03
Preselection eff 0.095 0.00076 0.09 0.066 0.014 0.0031
HLT eff 0.48 0.036 0.12 0.15 0.055 0.22
(HLT eff)*(preselection eff) 0.046 2.7e-05 0.01 0.0097 0.00079 0.0007
Rate after HLT [Hz] 0.0006 0.0045 0.018 0.0012 0.065 0.012

Total rate: 0.1 [Hz] (DAQ TDR for min. bias only: 0.2 [Hz])

Rate [Hz] = L [pl}-s] . U[pb] "€pres " €HLT

Numbers quoted for £ = 2 - 10%?]

1
cm28]

Rate for bb includes event’s weight ~ 0.03.
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e Full tracker 7 isolation

e 1 or 3 tracks in the 7’s signal cone

e Leading Tt track pr > 10 GeV'/c

e Opposite charge of the 1 and signal tracks

e Single b Tagging

e Jet veto (no jet with Bt > 20 and |n| < 2.5)
e mp(l, MET) < 30 GeV

e —0.997 < cos(Ap) < —0.5

e Ratio HCAL energy/leading track £ > 0.3

L E,/l ZOANDEVQZO
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Transverse mass

Rec transverse mass of (W,E;) system

MC transverse mass of (W) system
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DbbH(200)
v v O

ATJ et

cos(Ap) = pr - Pr
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Jet hadronic energy vs leading track energy

<
-

Arbitrary units

Conclusion: Tje; in tt and Wtb samples are mainly

faked by electrons coming from W decay

107
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H — TT — T 16 Higgs Physics at Future Colliders, January 5 2005
P Tiet Artur Kalinowski (IEP Warsaw)



Ny Neutri

. V
If we define: E;
-7 jet ﬁp
~ —_ T 5 —_ T <
€Tjet — ~rj5et CTu — & > T
Pr y -
. ) S ——
COS(S%—jet) = €Tjet " €T 2 T Gen E;
[
B0 =‘R€C“‘EY|:T' .........
zF
L Vv
we get: i GenE; *
i Rec E; *
ET L MET. (éTjet_éT,u'COS((P/,L—jet)) 006_ ..................................................................... / ......................................................................

75 sin(0e0)-(1—cos? (p—ger) :
004 __ N ;;.-Ii[ S

T — MEBET . (ermu—erjer-cos(pu—jet)) it :
EI/2 - MET S’in(emu)'(l_COSQ(gou_jet)) 002__ .................................... - ..Ei:_- ,;H_.-. .........................................

0_-1 0 ..I .::: I-. A BN IFLT-IT_M*

. 150  -100 50 0 50 100 150
Reconstruction is done for E [GeV]
—0.997 < cos(p,—jet) < —0.5
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CMS,

% Offline efficiencie
Sample: bbH (200) bb tt Wt Wjet Z/y*
Offline 7;¢¢ isolation 0.92 0.72 0.79 0.83 0.54 0.82
1 or 3tk. in Tj¢¢ signal cone 0.84 0.5 0.69 0.74 0.33 0.74
Leading track p > 10 GeV/c 0.76 0.34 0.64 0.69 0.24 0.62
Qu-Qjet = —1 0.75 0.18 0.61 0.67 0.19 0.59
Single b tag 0.12 0.011 0.41 0.28 0.002 0.014
No jet with Ep > 20, [n| < 2.5 0.086 0.0052 0.11 0.22 0 0.009
Tau impact parameter > 2.5 0.086 0.0052 0.11 0.22 0 0.009
mr (I, MET) < 30 0.066 0.0036 | 0.036 0.058 0 0.009
—0.997 < cos(Ap) < —0.5 0.055 0.0016 0.02 0.034 0 0
HCAL/leading tk. E: 0.3 < R < 1.3 0.042 0.0012 | 0.0028 | 0.0044 0 0
El>0,E2>0 0.02 0.0004 | 0.0011 | 0.0016 0 0
Events for 20 fb—1 119 6.7 197 19.3 <3.98e+03 | <7.45e+03
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<\ Tau tagging

Method:

S = ITyraenrpl/0

Tirackl P 1S Obtained by taking the trajectory state at the inner most layer and propagating it to the plane

containing the IP, and transverse to the beam line:

FreeTraj ectoryState *
FTS(aRecTrack. stateAtFirstPoint().freeTrajectoryState());
d obal Poi nt vertex(aRecoVertex. position().x(),
aRecoVertex. position().y(),
aRecoVertex. position().z());
Transver sel npact Poi nt Ext r apol at or TI PE;
Traj ectoryStateOnSurface TSOS = Tl PE. extrapol ate(*FTS, vertex);

~ [o)] (¢ B w N =
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P Tau tagging by imp

MC transverse distance between PV and muon vertex. MC transverse distance between PV and leading track vertex.

1 D b
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By Tau tagging by imp

U track impact parameter significance T, leading track impact parameter significance
2 [ R —
S s
ELO1 >
: :
5 5
< <
102 107
IR S B N S I R N M 2
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0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
S S

H — TT — T 21 Higgs Physics at Future Colliders, January 5 2005
Pt Tiet Artur Kalinowski (IEP Warsaw)



N Secondary ve

Rec transverse distance between PV and secondary tau jet vertex

uanmy | 2|1 T(mySignal Tracks. si ze() >1){
E]IEEH(ZOO) 2| Princi pal Vert exReconstructor *nyPVR =
11 Ctt sl new Def aul t Pri nci pal Vert exReconst ruct or
slvector<RecVertex> nyPWertices =
s| MyPVR- >verti ces(nySi gnal Tracks);
s|vect or<RecVertex>::const iterator ci =
7lmyPVWertices. begin();
s|for(;ci!=nmyPWertices.end();ci++)
ol VXPOs = (ci)->position();
w|del ete nyPVR, }
ulreturn vxPos;

—Arbitrary units
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-
CMS,
. Missing Er v
W/
A
- _» Conclusions: Need better MET corrections.
005l — K, from Towers |-p}
N ~ i, from Towers _ .
- _ Basing on results for both possibilities:
0.04 v L — K. from.Rec.b jet,
- ‘ W, T, o for mxz (i, Tjet) the corrected MET was used.
003:_ ........................................................................................................................................ ° for nggs maSS reconstructlon the uncorrected
N _ MET was used.
002_ ..... r .............................................................
B |
. ! | ‘|H ‘ e “local’” evaluation of MET seems promising, but
| i | .
0.01/ - ‘ .............. ‘ ....... ‘ ..... M frt ffy needs more clever treatment of the b jet (at least
F ‘ I | | | Ill ‘ | | | i o I I
0 | i |||_Ii”|l‘ | v by | | | ”f‘hll LHI| i‘ an energy CorreCtlon)
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For corrected jet the direction is taken from the signal

tracks, and EM clusters.
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Invariant mass

o116
>

Integral 89

C Gauss:Const 11.28+ 1.76
> L Gauss:Mean 174.8+5.8
O.1af .
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Reconstructed Higgs mass. 4, #;, jet from generator.al 89
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Components used:
e GlobalMuon

e Calo jet without E7 correction, with direction

correction

e Corrected MET

Components used:
e GlobalMuon
e Calo jet with E/p and direction corrections

e Uncorrected MET
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- Invariant mass of

Reconstructed mass
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e Evaluate contribution from the Zbb, Zb backgrounds
e Optimize the cuts’ values

e Make the discovery reach plots on the < m 4, tan(3) > plane
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-
CMS,
=
"W \\
Track counting method:
at least 2 tracks with impact parameter significance >2
Firstb tagged jet lterative Cone(R=0.6) jet with ' > 20 GeV, |n| < 2.4
% Efficiency is computed wrt. previous offline cut
g (charge correlation).
A Purity - fraction of b tagged jest close to MC b jet.
Process Efficiency | Purity
10
bbA/H (M4 = 200) 0.16 0.96
bb 0.058 0.85
tt 0.68 0.96
10°
gb — Wt 0.42 0.93
W et 0.01 n.a.
Z /v 0.023 n.a.
H =TT = [+ Tjet 31 s e e S LIEP W e o)




Recon
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