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 Standard model is a very successful theory, but particles are massless.
* Need mechanism of electroweak symmetry breaking to be complete.
» Most popular mechanism — proposed by Peter Higgs.

— Need special potential = spontaneous symmetry

) ) breaking I

/ _ Non-zero vacuum expectation value
for breaking symmetry

— Generates scalar field at physical q
state

g
« Dominant production process in hadron collisions at LHC gg->H

« H>bb is the dominant decay channel in SM at low masses, but hard to
trigger against QCD background

* Higgs was not yet seen at LEP and Tevatron, and now search in progress
at LHC.
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« Higgs sector is enlarged in supersymmetry extension of
SM — Minimal Supersymmetric Standard Model(MSSM): ¢
- 2 Higgs doublets.
- 5 Higgs bosons: 3 neutral(h, H, A) and 2 charged H-*.
« Coupling of certain Higgs states to b quarks enhanced by ey
tan 3
- processes like gg ->Hbb become important g b
- easier to trigger wrt. QCD background
- associated production with b-quark will be enhanced.
- Popular assumptions e.g. tan 3 ~20

- cross section enhanced by factor tan?3 compared to
standard Higgs.

> study of channel b(b)H, with H->bb may be feasible
« At Tevatron, both CDF+DO0 observe ~2c¢ excess of
background estimation at this channel
- Need to check this anomaly at the LHC

SN
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1 Important analysis aspects

* Experimental signature:
— 3 b-jets at final state, transverse momentum of 4" jet is low
* Signal shape:
— Mass resolution.
— Combinatorial background - see part 2.
* Important background to consider:
— QCD multijet production(full study is outside of scope of this work):

* 3 b-jets at final state.

* 2 true b-jets, and one light flavor jet need good b-tagging,
see part 3.

— tt background =» see part 4.
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CMS detector
CMS Detector =i

Microstrips (80-180um)
~200m? ~9.6M channels

~76k scintillating PoWO, crystals

Silicon strips
~16m? ~137k channels

~13000 tonnes

Niobium-titanium coil i ; .
carrying ~18000 A & I a ¥ FORWARD
‘ CALORIMETER
Steel + quartz fibres
) HADRON CALORIMETER (HCAL) Sl il
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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Signal shape:

Higgs candidate reconstruction method

Higgs mass in MC H->bb sample _ hist;ggs
. . . <10° ntries 7
* Study signal shape using MSSM Higgs Monte Carlo 3300 f RS arma
sample with Higgs mass m =120 GeV. - 5s0 I
2 senerator
E mass
15200

* Event selection: at least 3 jets with:
1.|n|<2.5 — acceptance for b-tag(see part 3)
2. 1% jet P, > 46 GeV.

3.2"jet P.>38 GeV
4.3"jet P.>15 GeV
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Mass of Higgs, GeV
» Study invariant mass computed from the first two leading | Higgs mass reconstructed

jets Eooo:m mmmmmmmmmmmmmm -

- Reconstructed mass spectrum shows peak over a wide 5500:=fﬁ:e,.f . _

background shape: £ [ E"?;‘gg‘l'u‘t’l“ﬂh
— isolate different components using Monte Carlo ™ effects

truth information 1500
- shows that wide component contributes to -
combinatorial background

‘2‘0 40 60 80 100 120 140 160 180 200
Reconscructed Higgs mass/ GeV
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Mass resolution

* To study mass resolution plot
difference between reconstructed
and true mass from MC generator

* From fit we observe the resolution:

Oy _ 13GeV

= ~11%
M, 111GeV

-> Mass resolution on a scale
expected from jet energy resolution

-> also observe slight bias of peak

posmon of -9 GeV
in semileptonic B decays,
energy of neutrino escapes
from detection (see back-up
slides)
* Need to apply specific b-jet
energy corrections
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For selecting b-jets we need “b-tagging” method.
* B-hadron have large lifetime - search for tracks with high
impact parameters within jets.

d,, — 3D impact parameter of tracks in jet,
0., — uncertainty of impact parameter.

Determine TCHE (Track Counting High Efficiency) criteria as 3D
impact parameter significance:

d
TCHE=—2 - for 2™ track

O3p
Determine TCHP (Track Counting High Purity):

TCHP :@ - for 3" track

O3p

For more details: see lecture by Georg Steinbrtick, Aug. 18
“Top Quark Physics. Flavor Physics.”
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For calculating efficiency: select “real” b-jets with MC generator information(Pythia QCD MC)

Efficiency £ :M
N allb jets
| TCHE eff b, |eta|<2.5 | | TCHP eff b, |eta|<2.5 |
= 1 = 1 : :
g = g = TCHP eff for b-jets ,|etal<2.5
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— B-tag efficiency decreases with higher level of discriminant threshold.
— Results are comparable with official paper by CMS b-tagging group(BTV-11-001).
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| TCHP eff u,d,s, |eta]<2.5 |
Fry I e .. . .
e Similarly to previous slide
£ o ..
o o ...~ —calculated “efficiency” for
el et Jets originating from light
' [t et y
Wl ket e flavor and charm partons.
‘fr\“ ¥ +‘lr y & ++T++¢+
N f ! b ++
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T ' +' | TCHP efffor u,d,s |eta]<2.5
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| TCHP eff c, [etal<2.5 |

i e I Strong suppression for

S jets from light flavor.
ettt 3 Jets from charm quarks

e have much higher mis-
o e T R tag rate than light flavor

! O * due to large charm
5 L Towis | mean life time
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B-tagging: b-tag working point diagrams

How does mis-tag rate depend on b-tag efficiency?
Plot mis-tag rate vs. efficency for jets with p. > 50 GeV.

‘ TCHE mistag vs. eff. matched parton exist, JetPt>50 ‘ ‘ TCHP mistag eff. matched parton exist, JetPt>50 ‘
o = : 2 i i
E T : ' High efficieny s L : : : : High efficieny a’
g L Jet Pt>50 GeV, |eta|<2.5 working point g‘m 1 Jet Pt=50 GeV, |eta|<2.5 warking poi i
o - E + T
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- . (2]
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B = »
102 E —‘___//_.ﬂ - High pu V’_’_..-""/ :
g g a[ working Foint E
- = - <
- High purity; 10 = / NS =
~ working,e6int - f €~0.40 o
-3 — c
- £~0.18 o)
¥ For 2™ track significance For 3" track significance
10-4 1 1 | | | | 1 1 1 | 1 1 1 ! 1 1 1 10-5ﬁ||||||||||\|i||||i||||i||||i||||||||||||||
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* Choice for working point is compromise between efficiency of b-tagging and its
purity. Better mis-tag - lower efficiency.

* For MSSM H-bb analysis we need very high purity - consider cut at TCHPT or
higher.
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LHC has much higher Vs than Tevatron. — Need to check if tf is a serious background

Dijet mass of two leading jets in real data, TCHPT btag for 3 jets

| H->bb MC and tt background, TCHPT btag for 3 jets | hbb_m_TCHPT
Entries 3553
7] F Mean 157.6
£ r + RMS  67.62
s L
[=} L
w500
B |
400 _ T Reconstructed mass
L «  H=>bbMC
3001 [ Jumc
200} 4 1
C t
B ++
- +
100 b
B +
L + o .
B J_'_,_L_'—Lr)\_.—i o+
L1 eeas® wt’ﬂ*ﬂt dn

0

* Comparison of tt MC with Higgs signal MC (left)
and first 501 pb of real data (right), MC scaled
according to integrated luminosity

- Background from tt is small, shape is wider

than Higgs signal.

0 50 100 150 200 250 300 350 400 450 500
Reconstructed mass/ GeV

* Measurement of MSSM Higgs depends on
optimization and careful subtraction of QCD

background.
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- | Summary

* Signal shape of reconstructed MSSM H->bb studied in Monte Carlo
— mass resolution ~11%

— small mass shift attributed to semileptonic decays and jet energy
corrections

* B tagging:

— efficiency & mistag probabilities of track counting methods
studied

— select working point in high purity regime
* tt background estimated:
— shape is different from expected Higgs signal
— relative contribution to overall background is low

— background is dominated by QCD multi-jet production
* needs careful treatment
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Thank You for Your attention!

Thanks to:  Rainer Mankel,
Roberval Walsh, Alexander Spiridonov, Alexei Raspereza
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* Study impact of semileptonic
decays directly by selecting
jets containing a high p_. muon.

* For muon matching using
criteria:

AR=V(AP)+(A

Muons in 2 jets -14.3 GeV

Muon in event -8.7 GeV

— Semileptonic decays can
explain ~-3 GeV of mass
shift per such jet

* Attribute remaining mass bias
to special properties of b-jets

n)’<0.5

— to be addressed by specific 2"2

additional jet energy
correction
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[ mass diff, true jets, muen in each jet histo

ENrias
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[ mass diff, true jets, muon in one of jet | histod
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Mean -10.29
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....| Prob
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|nm-1 diff, true jets, muons in event, not in Higgs jets | hista2
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> F : : : H H ; Mean -7.587
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Bl gl % ey
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[ mass diff, true jets, no muons at event | histo3
ETies 63527
: ; Mean -1.85
: | RMS 13.97
| Prob

0 20 30 40 50
mass difff GaV
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