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MSSM Higgs
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e Study of non-SM Higgs

Two mass regimes:

* My<My,
— Mostly produced in Top decays
— Large tanp: H*=>tv
— Small tanp (<1): H—-+cs

* My>Myg, _ T

.
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Branching ratio of H" decays
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— Produced in gluon-gluon fusion AT VNI TP AT
| ) 120140 160 180 200 220 240 260 280
— Main decays: H—tb, H *=»tv m,.(GeV/c®)

e Main backgrounds: ttbar, W+jets, QCD
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Search strategy

Light charged Higgs:

» Lepton from Top decays (W or tau) | ) Js = 14 TeV
provides excellent signature L

* Two b-jets (b-tag?)

« W may be used t truct W— g 1 “np
may be used to reconstruc dqg g S 3p
e Large MET <
« Tau lepton reconstruction (helicity?) f %nyg
* Final state depends on tanp: e 4 ~9
— Look at dilepton ttbar decays v 10
— In case of H—cs, may reconstruct H
mass (final state is |+24 jets) (a)

Heavy charged Higgs: gg — tbH*
« H—tv strategy similar to light ch. Higgs
* H—tb requires =5 jets (22 b-jets)

200 300 400 500

H* mass (GeV/c?)
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Heavy charged Higgs
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gg—>tbH, t > qqb

* M;>M,,,: studies done for LHC@14TeV
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Light charged Higgs

Leptonic T decays Hadronic T decays
e Different final states
— Leptons, jets and MET
— Hadronic tau decays

— Leptonic tau decays
(similar to prompt lepton
final states)

e Background studies
e Combination?

suoyda g

uo0j)doj |
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Charged Higgs

e study H* in ttbar events: 100sM(H¥)<160 GeV/c?, BR(H—tv)=1

« if the H* exists we may observe an excess of events in the It channel
Incompatible with the SM

» decay of H to csbar will generate different final state

If top decays: t =H*b (m, < m-m,)

=>probe non-standard physics (t—=H"b, ...)
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Charged Higgs (cont.)

* BR(t—H*b) could be large
* H*—T*v_ enhanced if tanf large

= observe more taus

h1H = 100 5 = Ufc

MT = 175 Ge LJ)C

2 3
10 10
tanp

(tanp: ratio of vacuum expectation values)

x50 100 events @LHC

.t PRD 62,012004
ATOE Myyges =100 GeV/c?
214}
=number of tau
g0t e dilepton events can
'g sl Upper limit at 957% C.L. .
2 potentially be large
- 6 C
§- 4F e
ap S o R Goal:

e set limits/observe Higgs boson
BR(t—Hb)
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Top quark

e Understand Top quark decays/sample
— Use all tools/objects
— Study backgrounds
— Measure cross-section

Apply Z-veto, N 21 L=0.84pb-! Apply Z-veto, MET cut:
Sample i e i 2 6F | cus resminay " e Data .
Dilepton {f 0.63 + 0.09+0.12 0.70 £0.11+0.13 1.70 +0.26+0.32 2 b [osepn e Tev Bl signal ]
vV 0.05 = 0.03 0.05 +0.03 0.12 £0.06 sE | Events with eetuen — A
Single top - tW 0.04 + 0.02 0.05 +0.03 0.12 +0.06 C Claco ]
Drell-Yan 17 0.08 + 0.04 0.13 +0.07 0.19 +£0.09 £ e 5;*;?9'e top 4
Drell-Yan ee, pjt 42+11 50+1.2 0.04 £0.02 C W ]
Non-dilepton 7 0.02 + 0.01 0.003 -£0.002 0.03 +0.02 SF : E
Wets 0.06 + 0.03 0.000 *+5:902 0.07 +0.04 - TOP-10-004 -
QCD multijets (U 0 0 (S C ]
Total simulated 51+ 11 59 +12 23+04 2E B
QCD data-driven 0.0 T3 02 0.0 T2 02 0.0 *95 *ob r E
Wets data-driven 0.2 92 +01 0.0 £o5 o2 0.0 *55 102 1
Drell-Yan data-driven 3.6 £ 0.6 = 1.8 43 +07 +21 N/A -
Data 6 6 2 0 3 >4

Number of jets
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Taus In Top decays

Channel Signature BR
Dilepton(e/u) ee,un,eu + 2b-jets 4/81
Single lepton e,u + jets + 2b-jets | 24/81

All-hadronic jets + 2b-jets 36/81
Tau dilepton et, ut +2 b-jets 4/81
Tau+jets T + jets + 2b-jets 12/81

* should have same rate as eu dilepton channel
» challenging (lower p; than e or u due to v’'s)
e probe New Physics processes
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Taus In Top decays

BR(tt—ltvvj))
e Measure: R=
BR(tt—llvvj))

 Measure cross section ratio to reduce
systematic uncertainties

(I=e.u)

= test lepton universality
= probe non-standard physics (t—H*b, ...)

However...there are some caveats

X ’ I
[~"1Cacciari et al., arXiv:0804.2800 (2008)
[ Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

Dilepton — e 7.27+0.71-0.46+0.42
L=4.31") (stat) (syst) (lumi)
Lepton+Jets (ANN) == 7.63:+0.37-0.35-0.15

(L=4.6M")

Lepton+lets (SVX) — e —

(L=4.3M")

All-hadronic = s m——7,21-0.50=1.10+0.42

L=2911")

7.14+0.35-0.58-0.14

CDF combined - - 7.50+0.31=0.34+0.15
#4/DOF= 0.60 mz=172.5 GeV/c?

PR il J

4 5 6 7 _8 9 11
o(pp — tt) (pb)
DO Runll :- preliminary August 2008
|1
I+Jets & dilepton & tau+lepton* c 7.83 7 840 o pb
I#jets (b-4agged & topological, PRL) -0- 7.42 405340454045 pb
09"
I+jets (neural network b-tagged)* o 8.20 02077 550 pb
d.ile.;?ton topological)" - 7.03* _ «43pb
I+track (b-tagged)’ o+ 50 ‘ 92 pb
tau+lepton (b-tagged)’ e 732134120 . pb
tautjets (b-tagged)’ ! o 54 43 %7 L, pb
alljets b-tagged, PRD ¢ B 45 20 4, pb
(stat) (syst) (lumi)
my, = 175 GeV Il M Cacciari ef@l., afXiv:0804 2800
N N. Kidonakis @ihd R Vogt, arXiv.0805 3844
CTEQS &M
S. Moch and Bl Uwer, arXiv:0804.1476
|
0 2 4 6 8 10 12
o (pp—>tt) [pb]
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Tau dileptons

e Interesting:
— SM predicts rate/cross section
— Increase ttbar acceptance
— t—=Wb—7v_b involves exclusively 3rd generation quarks and leptons
e Rare:
— ttbar cross section is ~160pb at 7TeV
— only ~5% of all ttbar decays

-
o
-

arbitrary units

3

» Challenging:

— tau ID is difficult at a hadron collider

* |lots of quarks and gluons can fake taus
« softer p; due to the neutrinos

10

o 20 a0 60 80 100 120 140 160 180 200

tau p, (GeV/c)
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Event selection

SF——T7 T 71—

« Look at hadronic tau decays £ °F o " T T D signalix
. S 70F CMS simulation B other i
* Event selection: o E L=100 pb no b-tagging [0 Z+jets
© 60 [ W+jets
e Isolated lepton: p>20 GeV S 505_
e =2jets E;>30 GeV |n|<2.4 405_ TOP-08-004
e Missing E;>40 GeV 3oE
* S/B~ almost 1 :
1o
* measure Ccross section ratio to O 1000 ~ 1200

. c Hy (GeY)
reduce systematic uncertainties

» expect ~100 events from ttbar

(TOP-08-004) —
» expect ~700 events from charged

Higgs (mMH=120 GeV)

For m,=120 GeV,
can reach large S/B
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A word about QCD background

* QCD is a large background to Top
events

« At CMS, QCD events (with 4 or more  |gxBw—rev)[pb]|N jet=1|N jet=2|N jet=3|N jet=4|N jet=5|N jet=6
jets, E;>30GeV) have similar MET of

Slide by Michelangelo Mangano

ttbar events 3400 1130 340 100 28 7
e From Tevatron to LHC(@14TeV) 230 37 5.7 0.75 008 | 0.009
— of(ttbar) increases by 100 Er(jets) > 20 GeV ., |n|<2.5.AR>0.7
— o(W) increases by 10 ratio: 15 30 60 130 350 800

...however...

® Ratios almost constant
over a large range of
multiplicities

» o(W+4 jets) increases 100 times
=W-+jet background is large

, e O(a) at Tevatron, but
o(2)/o(l) o(3)/o(2) o(4)/o(3) o(5)/c(4) o(6)/a(5) much bigger at LHC

B LHC B Tev 29
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QCD background

w

g10F ! ! ' [] signal It

) ; ] H E CMS simulation B other ti

« Jets may “fake” hadronic tau decays s f . 0 Z+jets
g no b-tagging [ Wijets

— from "W+jets’ and from “ttbar—|+jets’
|t is a large background
 Estimate background from data
—inclusive jet pT distribution
— jet identified as a tau

TOP-08-OO4_-

10?

— estimate “fake” probability from ratio 107 2 3 a e

o7 it iatrib g _ "

-Apply to W+._3.Jet distribution | e 'Fousy AT :
*Estimates within 10-15% of expectations o | =

L‘E 10 %

Early data: o2k :

« look at low/high pT tracks Nl CMS simulation -

» Tau ID/PF E T ,

. . - — Itk > 20 GeV/

« validate bkg studies (fake rates, etc) ot b | Wo0rIs0 5

- ; ——— [tk20 + Iso + 1or3 prongs ¢

ol —— 1tk20 + Iso + 1 prong ,

10°~"56 700 150 200 250 300 350 400

jetp_ (GeV/c)
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Other backgrounds

« DY —tt with additional jet production

 Model Z—tt from Z—uu data

— Replace di-muons (data) with di-taus (from MC)
— Correct for MET
— Superimpose event

e Background due to multi-bosons is small
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Distinct signature(s)

e M ,>M,,:
— boosts the tau lepton

— b-jets from t—Hb are softer than t=Whb

e Charged Higgs signature:

2o ﬂ% bjet v
W oWV
Vo ¥ ve» v
A A
TL @@ @% Aw -
AV TL X 8] /2
8* ~ 1t <

o m; 4,-”::'“" ~ T0A LN 'Nj'.l-;-”.‘.'ll'--" ~ 30%

In the SM, all v's are left-handed

b jet v

In the MSSM,
T'sS become
right-handed

taus from H (mH=120)

In T decays:
Tt emission IS

favored forward °o

Vr)dr/dy’

taus from W

p. [GeV]
2.5 T T T T
M. Guchait, D.P.Roy
2 arXiv:0808.0438 -
- N Oy v
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!
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Plans for search

e 1-10 pb-i:
— study tau fake rates in multi-jet samples
— leptons/jets/IMET
— validate data-driven background methods
-1- 5 | | | | |
° 10_100 pb . '% 10 CMS Pr_<1elimir|@r_y —e— Data ég
— estimate tau fake background @ 1oL pies oY — _
— look for ttbar events with taus g Bz ]
[ ]QcD =
° 100-1000 pb'l: 102 /) QCD uncertaintyé
— set limits/find signal - i

1

167

IIIIIII| IIIIII|T| IIIIIIIII T TTIT

o
-
N
w

>4
Jet Multiplicity
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One “mu+4 jets” event

Event passes all ttbar selection cuts
(BT gl - PO 1 high-momentum muon
| Limisocign s significant MET (>100 GeV)

m.(W) = 104 GeV/c?

4 high-p; jets,

one of which with good b-tag

b tagged Jet

p, =822 GeVic, n =-1.79, ¢ =1.03
Jet P, = 56.6 GeVic, n =0.389, ¢ = 2.38

poo s T
X 472 £.=119.0 GeV, @ = 0.010
ey A 3
;. - /ﬁ;":::' y
Jet p; = 152.2 GeV/c, n = 0.354, ¢ =-2.75 AN T U
i i . \ P N -~ 4, Das 4 CES N 0
7 o RS } Lo secton:3
% //‘ Jet p; = 43.4 GeVic, n =0.827, @ =-0.587 N Jetp_=56.6 GeV/c, n =0.389, p =2.38 o &
} b tagged Jet g .l‘.—“ , L
4 p, = 82.2 GeVic, n =-1.79, @ = 1.03 i —
< — p
muon pT =30.6 GeV/c, n =-1.67, @ =-2.06 ! ~ |
n pT =30.6 GeVic, n =-1.67, ¢ =-2.06 ,f’ R A,‘;_\;,, —
M ]\\ Jet p;=43.4 GeVic,n =0.827, ¢ = 0587
u - E,=119.0 GeV, ¢ = 0.010 Jet p; = 152.2 GeV/c, n = 0.354, H-m 51 [ [T
S

| |
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Hadronic tau decays

« Look for tau in their hadronic decay
— t—1charged hadron (BR~50%)
— t—3 charged hadrons (BR~14%)

e Hadronic taus are identified using combination of tracking
and calorimeter information ot

— search for isolated track(s)

— powerful rejection against QCD background
— tau leptons often produce neutral pions

— identify tau decay products
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Tau ldentification

 Particle Flow (PF)
— Examination of full event

» Cone algorithms . Ttax's
— “Fixed” and “shrinking” cone cut-based
— Cone around tau candidate and require low activity signal °°"°RSJ>
— Taus are more collimated than QCD jets | of
— Require a leading candidate D:.s:’

- W . ._§
 Hadron Plus Strip (HPS) s o \L/E S &
— Cluster gammas in piO &

— Use n—¢ strips

e Tau Neural Classifier (TaNC) N I
— A neural network for each decay mode
* Performance studied in terms of efficiency and “fake” rate
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Fake rates

« Main background from “fake” tau jets
In events passing the W+23 jet
selection

« Background can be estimated by
applying tau fake rate to the
Inclusive jet distribution

Niets (bin)passed tau identification

P;, (bin) := .
fr (bin) Njets (bin)

 Tau fake rate can be evaluated from
data: QCD, y+jets)

* Good agreement (within 10-20%)

[+}) B . .
&6 : CMS Preliminary «  Shrinking signal cone
o | Data L= 8.4nb” TaNC 0.50%
E = Vs=7TeV HPS medium isolation
= <25 TCTau
” CMS-PFT-10-004
107
- e e
I e T 1
102 ="
; .“’0{_:—4: : Uy F a *—e—'_;_‘._‘_‘
0-3 -
10-4 1 1 I ll‘[ ll’l ll'l ll'l llll llll llll llll -
0 10 20 30 40 50 60 70 80 90 100
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Efficiency

» Efficiency is estimated from simulation (Z—tt events)

> . s > [ : g
21 4 *_CMSPrellmmary =  Shrinking signal cone 21 4 __.CMS....P[e'!D"lDa[V .. =  Shrinking signal cone
8 [ Z—ttSimulation| . rancos0% 2 Z — vt Simulation| . Tancos50%
E‘l 2 P_\{._s =7 TeV HPS medium isolation E.‘ 2 ;\/§i= 7Tev HPS medium isolation
) i P;*>10 GeV/c «  TCTau i m"*l < 2.5 - TCTau
1 —_. ettt ettt 1 »
- i CMS-PFT-10-004
1 ] 0.8 »_
i PN LT3 S SEE SN CI—
0.6 0.6} e (L £ _~§~ =
: mSgmn : .'.:':;l’. ’ d .
AR L ot e
0-4 p ,‘;A“"'“““‘“u ““"““‘“"“"“‘A‘AL Bl 0.4 - e -
= .:““““.‘uu:" Al ,Auf‘ h'lt ) ™ wr
- :L“"::vl".vu" .y,'V""""“""‘I'”"""""‘""" vy - t uv:vl‘u; i "W
ah .‘v,""".'J LT v [~ w!
0-2 Fiv A 0'2 :— el
ohr1111-11111111-1111-11111 %Alll'llilll*lxllxlll*lll
-2 -1 0 1 2 20 40 60 80 100 120 140
Generated T visible Generated 1 visible P_ [GeV/c]
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/Z—1t candidate event

“‘NAC ,  CMS Experiment at LHC, CERN T
('J\\LS"/, Data recorded: Tue Jun 29 13:34:19 2010 CEST had
>~ Run/Event: 138921/ 17818013 . PP .
y - Lumi section: 65 ' %
d \
% had F =) [
1 ; H
i [
\; | ¢
e /

L]
1030 20 40 60 80 100 120 140 16C
visible Mass[GeV/c?]

H P, = 22.8 GeV/c T, E =32.9GeV Vis. Mass = 60.8 GeV/c’
M_(1,MET) = 10.1 GeV
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Trigger considerations

* inclusive lepton trigger has “high” p; threshold:
— Pros: more reliable to estimate BRs
— Cons: lower rate

» |lepton+tau trigger?
— et,4- central electron + tau jet (207?)
— Ut Central muon + tau jet (207?)
* |lepton+jets ?
— Pros: lower threshold
— Cons: need different trigger for “standard” dilepton (e/u)

=>keep it simple
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Challenges

* low event yield
— adjust cuts, simple selection, use kinematics

« large backgrounds
— Improve rejection
 multiple interactions spoil “cone isolation”
* Mmeasure cross section, mass (?)
» large QCD background at “low” p-
o Z—=t (iIrreducible) background
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Future plans

7]
—
[ =
Q
>
w

]ll]ll IIIIIIIII llllll:

* Include tau leptons in top analysis
— use isolation cone wi/tracking&calo information 10’
— aim for simple selection

-Higgs
Bttbar

~WIZ
-QCDh

« Study/optimize t-ID in ttbar events T |
— relax and tune selection cuts 10[ """
— cone sizel/isolation Siaies
« Estimate efficiency/fakes " For illustration
» Increase ttbar acceptance 0t PUrposes
» Global fit (including all channels) 05101
_ Channel
e Trigger:

— do we need a tau-specific trigger? (i.e. et/ut, lepton+H., lepton+jets, or
simply inclusive lepton?)
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Summary

 LHC is delivering data fast
 CMS is working well, but still an infant detector
e Search for (light) charged Higgs is possible with current tools

* First results are encouraging but challenges ahead
— Understanding of backgrounds (data-driven)

— Understanding of systematics (”0 more soap bubbles!)
* Looking forward to the near future  [ron pic ol a sapone' ﬁﬁk ot
bolle
giganti 42
R
Two dedicated CMS talks: ng ”?nn GRE 7A
“QCD backgrounds” by Alexandros Attikis S pf) ap Y
“Systematics studies” by Lauri Wendland o‘.;’ welt 360 _
Ii toverete nel nggtl |dl giocatioll @ cartoleria
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Comparison to MC simulation

Fake rate: data vs MC

[ I . . = o 3 s o
© - CMS Prellmlnary g - CMS Preliminary *  Loose Isolation Data © - CMS Prel'mlnary ®  TaNC1.00% Data
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