LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 1 of 21

WW Scattering

at T esla

Rober to Chier ici

CERN

Stefano Rosati, Michael K obel

Bonn Univ ersity

Motivations Setup of the study Generators

Results Conclusions and plans ee ννWW → ee ννZZ →

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 2 of 21

Motivations

To give masses to W and Z, SU(2)xU(1) must be spontaneously br oken. How?

SM: Scalar fi eld with .

3 Goldstone bosons, absorbed to give longitudinal polarisation to W and Z masses.

SEWSB: No Higgs, new physics needed at the TeV scale to r estor e unitarity.

Lar ger simmetry br eaking down to SU(2)xU(1). pr oviding the needed Goldstone bosons. New str ong interactions SU(2)xSU(2)xU(1). [ π^+,π^0,π^− ]

THE EQUIV ALENCE THEOREM:

Scattering W_lW_l gives important infor mation about the underlying simmetry.

• VEV 0≠ ⇒ ⇒

⇒

⇒

lim m_W/E_W 0 =

W_{long}^+ Π^+

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 3 of 21

For malism

The EW interactions at low ener gies can be described by the EW chiral lagrangian:

effective fi eld theory coupling the 3 Goldstones to fer mions and bosons in a SU(2)xU(1) invariant way.

effective operators of incr easing dimension.

Besides the gauge interaction, the theory has only two SU(2)_C, 4-D interaction ter ms, with the following four -boson vertices:

α_4 and α_5 (both 0 in the SM) ar e model dependent. What’s the sensitivity to the αs that can be reached at TESLA?

• ⇒ ⇒ •

L4 α 4 g 4 2 ----- Wμ+W μ- 2 + g 4 4cW4

----------- ZμZ μ 2 +g 4 2 -----Wμ+W μ+ Wν- W ν- + =

+ g 4 cW2 --------Wμ+Z μ Wν- Z ν

L5 α 5 g 4 Wμ+W μ- 2 + g 4 cW2 --------Wμ+W μ- ZνZ ν + g 4 4cW4

----------- ZμZ μ 2 = • •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 4 of 21

Signals and (r esonant) Backgr ounds

e^+e^- ννW^+_lW^-_l

e^+e^- ννZ_l Z_l

e^+e^- ννW^+_tW^-_t 56 diagrams e^+e^- ννZ_t Z_t 55 diagrams

e^+e^- e^+e^-W^+W^- 98 diagrams e^+e^- e^+e^- Z Z 42 diagrams

e^+e^- e^+ν W^- Z + c.c. 160 diagrams

e^+e^- W^+W^- e^+e^- Z Z

e^+e^- qq

tt is a hidden 6f !

→ →

→ → → →

→

→ →

→

6 fermions

4 fermions

2 fermions

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 5 of 21

Cross Sections

=800 GeV and dt=1000 fb^{-1} ar e assumed in this study. No beam polarisation yet. ISR included, beamstrahlung neglected. • s L∫ •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 6 of 21

Generators

The final state of inter est is q qqqνν.

2f+4f+t t

PYTHIA, but many alter natives on the market. (ee qq, ee tt qqqqbb,qqlνbb, ee WW,ZZ qqqq) 6f Nothing usable and compete befor e Padova.

(SIXPHACT ,SIXF AP,GRACE,P ANDORA,PYTHIA) Nothing thought for WW scattering studies at that time. The situation is evolving now with WHiZar d -W. Kilian- (6f fi nal state, with anomalous quartic couplins and e polarisation, and with the possibility of using various ME: MadGraph, CompHEP , O’Mega -T . Ohl-). Choice for this study:

WHiZar d for all q qqqνν final states. GRACE+JETSET for q qqqeν and q qqqee final states, thr ough generation of ee eeWW/e νWZ.

To be updated by the use of WHiZar d for all 6f final states (alr eady started in ννZZ).

•

• → → → → →

• • •

• → •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 7 of 21

Detector Setup

SIMDET V3 is used (Pohl,Schr eiber). Basic layout taken fr om CDR:

TRACKING: CCD 2 cm + FT + TPC TPC coverage down to appr ox. 10^o overall tracking coverage down to ~5^o CALORIMETR Y: E.M. 0.6%+10%/ HAD 4%+40%/ calorimetry acceptance down to ~5^o VERY FOR WARD: instrumented mask from 5 to 83 mrad no dead r egions fr om 50 to 80 mrad LAT fr om 23.5 to 83.1 mrad

Key points of these analyses: her meticity + forwar d coverage

p_T deter mination, missing E, forwar d e^{+/-} tracking, calorimetry

excellent mass r esolution, b tagging

• • B 3 T =

E E

• ⇒ ⇒

PYTHIA WHiZar d (GRACE) HADRONISA TION

(+DECA Y)

ANALYSES

GENERA TION

JETSET

SIMDET 3.1

DETECTOR

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 8 of 21

Detector per formance

Mass r esolution ~4%. •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 9 of 21

Preselection

Event handling: the event is for ced into 4 jets (if possible). pairing chosen with a likelihood method (1C fi tted mass, Δm, χ^2 of the fi t) -ZZ νν- or such that the value |m_{ij}-m_W||m_{kl}-m_W| is minimum -WW νν-.

Pr eselection (ef fective for 2+4f): ZZνν WWνν 200<E_{mis} <650 GeV N_j(LUCLUS ,d_{join} =7GeV )=4,5 <200 GeV 150<E_{tran} <600 GeV

|cos( θ_{Pmis} )|<0.99 m_{rec}= >200 GeV |cos( θ_{Emax} )|<0.99

Isolated tracks (leptonic bck, t t, initial state bck) : reject events with one of the 4 most ener getic tracks with less than 2 GeV ina 10^o cone -ZZ νν-. >2 -WW νν-.

•

•

Etra ck ma x

Emis2 pmis2– [ ] 1 2⁄

•

N jetch

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 10 of 21

6f enhancement

2f+4f contamination r educed below 0.5%. tt still very significative (usually neglected!). ⇒ ⇒

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 11 of 21

ZZνν selection

Likelihood selection (E_{mis} , , |cos( θ_{Pmis} )|, |cos( θ_{Emax} )|, 1C mass, Δm, χ2 of the fit):

• E_{tra ck}^{ma x}

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 12 of 21

ZZνν likelihood r esults

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 13 of 21

WWνν selection

Rejection of low p_T events (huge backgr ounds):

p_T(WW)= >40 GeV

(very ef fective for eeWW , e νWZ)

Mass cuts:

60 GeV< m_1, m_2<100 GeV

|m_1-m_W||m_2-m_W|>50 GeV^2 (tt, ννZZ)

• px^{W1} px^{W2} + ( )^2 py^{W1} py^{W2}+( )^2 + [ ]^{1 2⁄}

•

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 14 of 21

WWνν results

Still consistent contamination fr om tops:

b tag, using Hawkings parametrisation of b tag efficiency as a function of E_{jet} . input ε_{btag} =80%, truth info ar e used to tag jets. Events with mor e than 1 tagged jet ar e r ejected. effective for t t, ννZZ, e νWZ. Backgr ound r educed by ~2. Almost no ef fect on the signal.

Like for ννZZ, the major backgr ounds come in the end fr om e νWZ and t t.

DISTRIBUTIONS AFTER FULL SELECTION

• ⇒ ⇒ ⇒ •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 15 of 21

Per formance of the selections

Channel^* Exp. events^{**}(ννZZ) Exp. events^{**}(ννWW)

ee ννZZ^{***} 844 10 ee ννWW^{***} 2550 30

ee ννqqqq 88 5 151 5 ee νeZW 570 20 350 10 ee eeWW,ZZ negligible 130 20 ee tt 83 5 400 70 ee WW,ZZ 23 10 negligible ee qq negligible negligible

efficiency^{***} 0.522 0.006 0.401 0.004 purity^{***} 52.3% 71.2% Δσ/ σ 3.2% 2.0%

(*)Only final states leading to four quarks at least ar e consider ed. (**) A centr e of mass ener gy of 800 GeV and an integrated luminosity of 1000 fb^{-1} ar e assumed. (***) Double r esonant r egions of the signal ar e defined with the following cuts: ννZZ: 170 GeV<m_1+m_2<195 GeV |m_1-m_2|<20 GeV ννWW: 75 GeV<m_1, m_2<85 GeV

→ ± → ± → ± ± → ± ± → ± → ± ± → ± → ± ±

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 16 of 21

Sensitivity to the ef fective couplings

Signatur es of the new dinamics ( α_4, α_5 0):

change in total WW WW cr oss section. change in average boson polarisation.

change in angular distributions.

Inter esting variables:

σ_{tot} , d σ /d θ_W, d σ /d θ^*_q

Selection per formance independent on α_4, α_5.

• ≠ → ⇒ •

•

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 17 of 21

Experimental study

Deter mine the expected d^2σ /d θ_Wdθ^*_q(α_4, α_5) after detector simulation and selection, with the pr oper inclusion of all backgr ounds.

10x10 bins distributions, function of α_4, α_5. bin behaviour as a function of α_4, α_5 fitted with a paraboloid.

2D binned maximum likelihood fr om the bin pr obability p_{bin} (N(α_4, α_5)|N(0,0)) .

IMPACT OF USING ANGULAR DISTRIBUTIONS ( ννZZ):

•

•

σ_{tot} σ_{tot} +θ_Z

σ_{tot} +θ_Z+θ_q^*

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 18 of 21

Likelihood outputs for ννZZ and ννWW

Double minimum structur es, mor e evident for ννWW.

Effect depending upon the structur e of σ (α_4, α_5). • ⇒

PRELIMINAR Y

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 19 of 21

Combined Likelihood

Expected limits ar e of the or der of 10^{-2}.

Not dir ectly comparable with LHC... • •

PRELIMINAR Y

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 20 of 21

Possible Impr ovements

Inclusion of other final states ( ννqqlν, ννqqll). dif ferent selection, cleaner signatur e. Use of other tools in the analyses . lepton identifi cation. Use even mor e infor mation in the event. W-pair invariant mass. One extra-dimension for our likelihood. Exploit initial state polarisation for S/N enhancement.

the signal is enhanced by (1+P_+)(1+P_-). eνWZ is enhanced by 1+(P_++P_-)/2. The other backgr ounds ar e not modifi ed.

polarisation of both electr ons and positr ons is important.

PLANS FOR A NEAR FUTURE (in time for TDR?): Redo everything including IS polarisation, assuming 80%e^-/40%e^+. Use WHiZar d as unique 6f generator . Fit m(WW) together with the angular distributions.

• • •

•

⇒

• • •

LCWS 2000, FNAL, October 24-28, 2000

Roberto Chierici 21 of 21

Conclusions

TESLA sensitivity to SEWSB thr ough WW scattering was studied.

New 6f generators (WHiZar d) wer e used for the simulation of the signal. Backgr ounds will follow. The curr ent layout of TESLA allows excellent her meticity and mass r esolution, essential ingr edients for ννWW analyses. The event selections of ννWW and ννZZ lead to err ors on the total cross section of 2% and 3.2%. Major backgr ounds coming fr om e νWZ and t t !.

The sensitivity to the α parameters was studied with likelihood fits which use angular infor mations of the bosons and the fer mions. Fr om the combinations of ννWW, ννZZ, a sensitivity to α_4, α_5 of ~10^{-2} can be r eached at 800 GeV and assuming 1000 fb-1.

Room for impr ovements (polarisation, other channels...) Work still in pr ogr ess to r each our best r esults in time for the TDR.

• • •

•

•

•

• •