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I. ToP PHYsIcs

INTEREST (N ToP QUARKS :

—

* HEAVIEST QUARK (W ~ [#5 GaV)
+ MASs CLoSE TO EWSB ScALE
* LARGE YUKAWA COUPLING IN sM (Y,~1)

- DECAYS FASTER THAN HADRON!ZATION
TIME ScALER

rL ~ GeV

- -23
T ~ 3.6xlo 45. L -I-HN 10 s,

ToP QUARK AT e'e”™ coLLIDER :
(Js %, 350 Gev)

+ -
« PRODUCTION THROUGH eett
cRoss secTion v Soo fb (=500

. ABouT 10° t£ /YEAR -
(Lot ~ 200fp™")

* MEASVREMENTS THROUGH

SEMILEPTONIC CHAWNELS (B.R. 2% Y4z)

ete" — t —7(51-17)([, )
(L' 1) (vs y)

PURELY LEPToNIc cMuueLg (8.R. 4/%1)
e'e™— tk— (bA5)(bL M)



MEASYREMENTS NEAR THRESHoOLD -

. ToP MAss DETERMINATION

SHAPE of TOTAL PReDUCTION C-S.
IN THE THRESHeLD REGION

¢« MORE DETAILED AT To

b A Pt NsTRIBUTION | F-B ASYH

Gives  m (1s), «¢ (M oy
L b, %% 3{-.'EH
* F-8 ASYMM. MEASURES (INTERFESREAICE
BETWREN \[ & A CoONTRIBUTIONS :

RESomnANCE
S.wAvVEe 2 P"WAVEI\ CONTRIRUTIONS

* PoLARIZATION OF To? QUARK CAN BF

MEASURLD To STUDY (TS PROPERTIES



MEASUREMENTS N THE CoXTI(NVUUM

PRECISION MEASVREMENTS OF THE PR6PCRTIES

oF Top (MASs, wipTH , DECAY BRANCH /NG RATIOS,...)

AND TS (COVPLINGS CAN BE MADE,

- TEST OF STANDARDP MoODEL.

ELECTROWEAK COUPLINGS

COUPLINGS of THE ToP QUARK To E.w.

GAUGE Bosons (T, Z,w) MAY 8 WRITTENAS,

L2 T e [Mulnsamt e

- + ) Lo 2 ‘ MY
5 C ¢
i (St W, ]
F' : Form rAcTors (v 4)
v,A
Co MAGNETle DIPOLE CoOUPLING
¢! . ELECTRIc DIPOLE COLPLING (P, T viowhuwg
. et n .
oC . ~ 3 t M t
\f'-"v{:b Y (-ﬁu_ PL "'F,R Pg)W/‘

Ebw 2
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SIMILARLY FoR ¢bw

sm: fu=t , £,.=1, ResT zEQo.



FORWARY -BACK WARD ASYHMMETRY CAN BE USED
To DETERH:NE/CONSTRAW FJ;:

FOR OTHER FoRM FACTORS MORE DETAILED

(INFORMAT\ON IS NEGDED : TOP PoLARIZATION

AND/DR  DECAY DISTRIBUTIONS (ENERGY,ANGULAR)
(PARTICULARLY FOR STUDYING CP VioLATioN)

FULL SPIN DENSITY MATRIX INFoRMATION

= DecAY DISTRIBUTION INFORMATION
(\FFDECAY IS GOVERNED BY SM )

SOME ISSYUEs RELATED To ToP PoLARIZATE

f

-

|. ToP POLARIZATloNN CAN BE MEASURED

ONLY THROUGH DECAY DISTRIBUTIONS

( 9- KVHN (134 ) CZARNECKI, TEZABEK
€ kvun [T94)

(NEEDS ACCURATE KwWOWLEDGE OF DECAY)

2. PREDICT(oNS foR PoLARIZATion DEPEND
ON CHoicE ofF SPin BASIS
( S.PARKE &Y. SHADMI (196, c-MAHLoN &PARKE (39;



ALTERNATIVE APPROACH :

MAKE PREDICTIONS FoOR DECAY LEPTON

P T L

ANGULAR DISTR\BUTIGNS

ADVANTAGE

o INDEPENDENT OF AmnOMALous CTbW CoulLings
IN THE LINEAR APPROR. OF ANOMALOUS CoOuPLINGS,
(GrZzADKkowsKt & HIOkt & SDR )

(FIRST SHoWN TOo HolD FoR m, 0. THEN

FOUND To BE TRVE FoR My #0.)

» THIS PROPERTY DOES NoT DEPEND oN PReDuCTION

PRoCESS FoR L

( FoR_ YY - bt - OHKUMA 2001 ;
GODBOLE, SDR, SINGH 2003

FoR  ANY Agpee s - GR2ADKOW SK) L#eor )

* DOES No6T NEED PRECISE RECONSTRUCTION
OF ToP ENERGY -MOMENTUM,

* ToP SPpIN BASIS NoOT ARELEVANT

" INCGIDENTALLY » AlLSo INDEPEN DENT OF

Qcd CoRRECTIONS To EbW VERTEX



How CAN ONE STUDY DECAY PRoPe&nES/

ANomALoys tbw covpLings ?

ANSWER: USE b QUARK DISTEIBUTION
(DIFFICULT IN PRAC TICE)
oR

vse L‘t ENERGY DISTRIBUTION
(WITH/WITHOUT ANGULAR DIST)

(GRZADKowsKk! & NIOKI, SDR)



e /et BEAM POLARIZATION

e~ LONGITUDINAL PoLARIZATION OF

¥0% ExPEcTED TO BE AVAILABLE

et LoNG . PoL. MAY BE LiMITED To €0

IN PRINCIPLE, LONG. POLARIZATION CAN BE

N
CONVERTED To Tﬂ-AhS'\IEﬂSE_

LONG(TUDINAL POLAR(ZATION CAN HELP BY

EITHER SUPPRESS|NG COUPLINGS OR

ENHANCING COUPLINGS

— HELPS To SUPPRESS BACKGROUND

—) CAN HELP TO ENHANCE SENSITIVITY

« FLIPPING OF 3SIeNn OF POLARIZATION CAN

GIVE ADDITIONALC (NDEPENDERNT DATA.



SOME ISSUES RELATED To TRANSVERSE FPolARIZATIoN

TRANSVERSE e ANbD/o6R et PoL. CAN HELP

To ENHANCE SENSITIVITY To CERTAIN COUPLINGS

RECENT EXAMPLES :

T- Ri1Z22e : IN THAE CONTEXT of TEV-SCALF
(2002) GRAVITY & EXCHANGE OF MASSIVE
SPIN-2 &GRAVITONs

J. FLeiscHER @'  ANOMALOUS COUPLINGS (N
k.koLoDR2IET 4= t,, -
F TEGERLEHNER W
(1114)

A DIFFERENT ROLES PLAYeED BY TRANSVERSE PoL.

1. v e Lt <P vioraTion (oR T ViouATIoN)

NEEDS ELTHER PoLARIZED BEAMs OR
MEASUREMENT oF ToP PolARIZATION,

|F TRANSVERSE PoLARI2ATION (S PRESENT
TRIPLE PRodDUcTS (cP & T -oDdp) CAN BE

SEARcHED For (WITHouT € DeECAY DISTRIBUTIONS
- -3 3 -
e.q. o §
I ’ Pe-x (Se_ e“) k&
(B.ANANTHANARAYAN & SDR, 2503)
2. ONE CAN USE AZ/MUTHAL DISTR/BUTIONS To
Look FoR VIOLAT\ON oF CHIRAL (NRVAR(ANCE,



ok e'e » f -

i{— « L. (lT;,_l1+ lT,H_lz“' lT—-\z“' lT--l-\:)
I "
+2PP Re(e_zw[TJ:T-ﬁ-r]*‘ﬁ'JT--])

(HikAsA (986)

CHIRAL INVARAWCE =) T++ =0 (€eavad

(“Q':o) e” { Q*
T-=0 HELIc(TI1Es )
— No  cosqg , Sé Tepms
ASY MHETRY LIKE ¢ - (coscp = =~ Cos )

ok ¢ - 2n-¢ (sing -~ -sing)

CAN SEARcH /MEASURE T4 OR T, AMPLITUDES

THESE Do NOT INTERFERE wWITH ONLY

LONGITUD |NAL PoLARIZ ATioN

THIS IS WHERE TRANSVERSE PoL. CAN HELP



OTHER TOP courPLINGS

P

* EtH Yukawa coupling.

(AN BE MEASURED IN THE PROCESS

ete” > LEH i
- e ¢

- t < y L
g >~\...<,.H / < >,,,<
+ i — H
S Ee "R & “ E " A
. t

DEPENDING ON THE MASS OF THE HIGES THIS

PRoCESs Wwould HAVE VARYING SENSITIVITY

DETAILED STUDY OF BACKG ROUND & LooP CoRRECTINS
NEEDED

¢ GLUONIC COUPLINGS OF TOP

AW ele” coLLidER (S A Gvop PLACE To MEASURE

THE {:Ea COUPLING THROVGH e"l"-) {:i:_j

since oNLy E & € cAN Myt A GLuon (noT €'
. o&"f,i-)

- E 5
g >..._..<':‘: " i



BEYOND SH ‘ SoMe RECENT woRK

CP VIOLATION (N Tof fRoDUcTioN & DECAY .,

*SEVERAL PROPOSALS HAVE EXISTED

‘ INVOLVE MEASUREMENT OF Tof POLAR(ZATIeA

OR DECAY PRoDUCT <ORRELATIONS fosteiss,

tony
(KANE LADINSKY & YUAN; SCHMIDT A PESKIN; ... )
BERNREUTHER ETAL. ; )

" RECENT WoORKk (NVOLVING DEcAY DISTRIBUTIONS :

Poviose £sDR
o CHARGED LEPTON ANGULAR DISTRIBUTION . YB.6RZADKSWSK)
4 Z.Hioky
SDR )
- MEASURE OF ELEcTRIc & WEAL

DIPoLE CoUPLUNGS
=) INDEPENDENT OF CP VIOLATION (N DECAY

- INCLUDiNG EFFEeT OF LONGITUDINAL Pol,
—inewwdive O(k) @ed coRRECTIONS

CP-VIOLATING ANGULAR AsY MMETRM LEADS Te
gesT LTS of (1-2)x107' e cm
CR0Y. cL, (5 =500 e, [Lk=500fy

=) CLOSE To OfPTIMISTIC VALUES £ROM PoPULAR
EXTENSIONS ofp SH

. CHARGED LEPTON ENERGY DISTRIBUTIONS £ b -@uAkk

g owsk |
ENERGY & ANGUAR .DIGTNOUT'IONI.‘GBZ_GSF::.(‘)

SDR
= CONTRIBUTIONS FROM RoTH DifoLE CoVPUNGS .

2 CP —vicLATION (N DECAY.



-

SINGLE TOoP PRoDVCTION

SINGLE ToP PRODUCTION IS POSSIBLE THROVGY

e syt

(S.AMBROSANIo & & MELE (%74,
N-DOKHOLIAN , G.V-TIKIA 1994)
A LARGE NWNUMRBER OF DIAGRAMS CONTRIBVTE

SoME coerrEslonp To e*c'-a(:f:' FoLLoweg D 8Y

DEcAY, AvD THESE HAVE TOo BE SUBTRCTED

RIGHT - HANDED RLARIZATION (g',:e:)m

HELPs To REMOVE THE Lt BACK&ROUN)D

o’(e;e:) ~ FEw \CL AT Js > 500 GeV

AND CAN BE MFEASURED
(E.B00§ T AL. Zoo()

ANOMALOUS TbW CovPUINGS CAN BE CONCTRANE)
~0-05 ¢ {,, & 0-08
For (3 =500 GaV, L =svofL”

FLAVOUR- CHANG(NG CouPuings To Z Q7

CAN PRoduc¢e SINGLE TOP -

€.+¢_'— il . (v. OBRAZTSOV ETAc. I99F
£ Y T-HAN 2 T. HeweTT, L1197

CAN BE UCED To Bounp 23 , 7Yy covungs

BEAM PoLacizATION cAN HELP ReDue 8ACkEGRBUN),
J. AGUUAR-SAAVEDRA 200



PHoToN coLLIDER : T7Y oPTienN

HIGH- ENERGY PHoToNs PRODUCED 8Y

CoMITON BACK SCATTER(NG OF (INTENSE

LASER BEAMS oFF HIGH-ENERGY ELECTRoNS

ENERGY SPEFcTRUM OF PHoTtoNS JDETERMI/INED

BY
csan ()
m" | TeV RV

e
E,: ELECTRoN BNEA

w, : LASER ENERGY

/’
And PoLARIZATION OF EcScTRoNs & LASER T

LARGCE FRAcCTION oF THE ELECTReN
ENERGY & PoLARIZATION TRANSFERRED .

To THE HIGH-ENERGY PHoTown (U"'_“_-‘= .
E, xH |

(For oPPosITE HELICITIES)
et 32 2, = -‘/2 , BOTH INTENSITY AnND

PoLARIZATION PEAK AT LARGE EenNprgy
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APPLICATIONS ©  Twop- PHoTon Acc ESSIBLE MORE DIRECTLY

HIGGS THYSIcs

et H CourLinG suePressed 8Y Me/k

YTYH coulLing POSSIBLE AY ONE LooP

Y
Y - w
‘t —mase * w ik
t H s
v/
- HIGGS CAN RBE PRODUCED AS RESONANCE

e« ACCURATE DPETERMINATION OF HTY covPung

(AM® HEwWcE r‘(H—a'rr) rorsle.a..s)

(IMPORTANT FoR DETERMINATION oF PAR AME Tris

CP PRoPERTIES oF HIGes cAn BE DE TERMINE,

USING  PoLaRiZEp PHOTONS
C GRZADKOWSK] & GUNION , 1992)

EFFECTIVE CoVPLINGS :

s RyE
SCALAR ‘.(Rl").e('E,_ - E|.k Crk,) i
7

_ H "
PSEVDOSCALAR A v « 2,€
G;uw(p Gl Y k| "a. »



BEYOND SM : (MULTI-HIGks , MSSK)

— MORE THAN ONE HIG&S
— CP VIOLATION

cP PROPERTIES OF HIges CAN BE DETERMINED
ALso FROM FINAL STATE POLARI ZATioN IN

Y- bt

( E. ASAKAWA ET AL. ,2000,2003)

t, E PoLARIZATION INFORMAT(ON CAN BE BYPAsSE,
USING CHARGED LEPToN ANGULAR ASYHME TRIES

(R- GobBoLE, SDR, R-K SiNGH, 2003)

ModDEL (NDEPENDENT ANALYS)S :

\ : .
hy T View = habos 4 4 L8 Lo
¥t Mw
Y t .
= =Llq
v‘}" <E VTYH - [ Y (G"e?-" i‘j&ef"zc}_“l
¢
R 2 QPR ¢
d Ry Ry é;‘lVdP G' % ki FLP]

57, P‘Y :COMPLEX Fofn FACTORS
ANO M ALOVS tbWw (NTERACTiONS DONT ConTRIguTE

(A PARAMETEQS {Rl. Sy Im Sy



CHooSE 23, A, = -1 (HARD PHoTon SPECTR

b4 ﬂe- = 2e+ ( Higes couPLE To
PHoTONS OF E QUAL
HELICITY ; SM : oProsn

No W qe_ = <+ l/?. oR ""‘/a

+ -
coppgstonding Te L OR L 1IN FnAL

STATE, wE HAVE 4 COMBIN ATIONS

v, 4) wlv-) wrip) o)

CAN CONSTRVYUCT & ASYMMETRIES:

2 CP-VIOULATING &=

2 CHARGE ASYMMETRIES

2 PolLAR(ZATIoN ASYMMETRIES

CAN FIND REGIONS [IN PARAMETER SPACE
WHERE THE THEORY CAN BE DISTINGUISHE D

FReM SM. AT gV c. L.

e STRONG LiMITS ON CP ~VIOtATING CoOMAINATIONS
oF PARAMETERS (VARIED 2 AT A Time)

* DETERMNATION OF ALL PARAMETERS NEEDS
LINEAR PolARi2ATION
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OTHER ELECTROWEAK (CRoPERTIES .

YY CAN HELP MEASURE SEPARATELY

Y
ELECTR\C DIPOLF MOMENTS d (INDEPENDENT
OF 4 &
. )
o £

USE OF TolP (olARIZATIoN ToO STUDY CP.your,

DiPole CcOoVOLINGS OF Tob:

S.Y. cHoy & k. HAGIWARA (194f)
M-3. BABE , S.Y. ¢Ho( & <.5 kM (1913)

USE oF DECAVY-LEPTON ASYMMETRIES

To MEASURE ToP D(PoLe C2UPLING:

P- Pouose & soR (1993)

INCLUDING ANOMALOUS TT Z COUPMNG-erHa{'

P. Pourose & SDR (1a99)

Y
INcLUDING  YY H  COUPLING As WELL As ol .

@. GR2ADIOWSKI, 2.HIOK), K.ONKyYMA, T-wUD KA
(2.00;)
T-L-HE WETT £ F.T.PeTRIetLo (2001) YV, 72,22)
G-GOUNARIS & F.-M.RENMARD (19%6).... ...



EXTRA PIMENS(IONS

. GRAVIToNS HAVE TREE-LEVEL CoulPuna To

Y
Two PHoTeN s v:'}..... %

" CAN CONTRIBVTE Te REAL GRAVIToN EMIss)ion
AS WELL AS VIRTUAL GRAVITON ExCHANGE .

A NUMBER OF CALCULATIONS HAVYE BREEWN
CARRIED oOUT FoR VARIOVS FEINAL STATE S

WITH GRAVIToN EXCHANGE :

T- RiZ2o (1194) ( GAVGE BosoN()
ke . AGASHE £ N.G.DESHPANDIE (1999)
D-ATwoo) ET AL. (200) (REAL GRAVITANS)
H. DAVoU DIASL ((1119)
KX-LEE ETAL (111) (wiw™)(tT)
X P-MATHEWS, P.PouLosE, k-sripHAR (1297) (C-E')
D.k.QHoSH , P. MATHEWY , P. PoULeSE, K.SRIDHA R (1971)

»
M. DONCHESEL & R RoBNETT (et ~ (*TETS)
S.R..CHOUDHURY , A-S.CORNELL | Gcggsyt (2002) (yr-22)

A FoR ExAMPLE » FROM TOTAL CROSS SECTIonNS
® RAPIDITY DISTR\RVUNoA ¢

P
UMIT o Mg oF 1.6 TeV (2500 Gev)(fuatn
IS Poss|BLE . o

=2 IMPROVES To |95 TeV oR 2'S TeV
W(TH PoLARIZATION.



CALCULATIONS WiTH REALISTIc SPECTRUH

T —

IDEAL COMPTON SCATTRRED SAECTRUM IS VAL()D

o l) LASER PsweRr (S SMALL
2] PRIMARY ELECTRoN BEAMS SUFFICIENTLY widl

) = NON-LINEAR EFPEcTS SHALL

2) & EFPRCTs RELATED To PHoToN SCATTERING
ANGLE CAN BE NEGLECTED,

SIMULATIoN IN A REALISTIC ¢ASE DONE B8Y

Y. TELNOV AND ALSO BY P.cHEN ETAL.
’ C "cAn")

A- ZARNegckr HAS PROVIDED A PARAMETRIZATY
WHICK AGREES WITH TELNoV SIMULATION AT THE

HiGh ENRRGY END. d
"(OMPA 2

2ARNECK! 'S PARA METRIZATION, HELPS To

INTERPOLATE FoR VARIOUS REAM ENERGIES

WORK IS IN PROGRESS TO REVISE wIMITS
oN VARWOUS NEw PHYSIcs N TV tE using

ComphZ . ((R-M-GodBoLg, P. MATHEWS, P.Poucsse, SDR,
R-K-SINGH )

_,_> —
INTERESTING EFFEcTS GET DiLuTsy
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2 o simulation (V.Telnov)
° 3 ® I
g ; ) s ---- Compton spectra
< ‘ > E, = 250 GeV
asiliis " w
B " =
2 - - =
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1
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P e NI 1
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y=E /E, W, [GeV]

Fig. 1. Energy distribution for photons (left plot) and the -y center-of-mass energy
distribution (right plot) from full simulation of luminosity spectrum by V.Telnov [7]
(solid line), compared to expectations for the simple Compton scattering (dashed
line). For better comparison of shape, Compton spectra is scaled to the same height
of the high energy peak.



A.F.ZARNECKI

simulation (V.Telnov)
Compton w. angular correlations

il B

electron rescattering
two photon scattering
— i

0 50 100 150 200 250
E, [GeV]

Fig. 3. Comparison of the photon energy distribution obtained from full simulation
of luminosity spectrum by Telnov (7], with the fitted contributions of different
processes considered in the described model, as indicated in the plot.

25 f p
T i simulation (V.Telnov) ]
% 3[— compaz
€ E, = 100 GeV
-

PT——

0 0.5
y=E [E, y=E /E, y=EE,

Fig.4. Comparison of the photon energy distribution from the fitted parametriza-
tion with the distribution obtained from full simulation of luminosity spectra [7],
for three electron beam energies, as indicated in the plot. Imposed cut on the
energy of the second photon is 40, 150 and 260 GeV respectively.



eY & e e oPTIOoNs

eY OPTION MAY BFE REALIZED BY USING

COMPTON BACKSCATTERING [FoR ONE OF THE BEAMS

. SOME WHAT BETTER ConTReL ON PolARIZATION

. A DFFERENT RANGE OF (fRocBSses AccessiBLE (SUSY : PREVIOVS TALK

e AN OBVI0YUS PROCESS WITH ¢eY OPTion IS

eY w5 eY  (coMPTon SCATTERING)

WHICH CAN BE USED To CoNSTRAIN NEW PHYSICS

( H.DAVOUDIASL , 1991 ; EXTRA DIMENSIO NsS)

( B MATHEWS , 200 : NON-COMMUTATIVE SPACE-TIME )

e¥ o el (G:GRAVITON) HAS BEEw PRo foSED

FoR TEST OF WEAkK SCALE GRAVTY

( D.K. GHosH , P- POULOSE , K. SRIDHAR ) 2000
D. ATwodd , S. BAR-SHALOM , A.SoNt, 2000)

STRINGENT BOUNDS MAY RE O0BTAINED USING ed VvV

POLARI| ZATION
. VARIOUS ELECTROWEAK PROCESSEs ARE PosSIBLE
- i g . ik
eg. €Y 2vW &YV ae 2 277Y-tbv

* G.JWA ,(992; E.R00S ET AL., 1916, 1992 2001 ;
F7.cA0 ET AL., 1118

ANALYSIS QUITE COMPLICATED.



AGAIN, O0BVIOUS PRoCESS THAT CAN BE STUDIE)

WITH € e~ ofTloN (s

e e s 2 e~ (MBLLER sceATT.)

+ HERE NEUTRAL PARTIcLES (%2, 27 Graele)

CAN CONTRIRUTE ONLY THROUGH €, u CHANNEL
EXCHANGE,

. S CHANNEL CAN BE USEFUL FoR DOUVRLY -CHARGE

H1GGS : "
PARTICLEs — @MMge BoSonNs, “DILEPToNS ETc.

Cc.A. HEUSCH ,199S 5 F. cuvPers, 1998
M.RA(DAC ,197¢ ... )

* €, u cHAWMNEL GRAVITON EXCHANGE (S STudIED

8Y
T Ri1Z220 1727, D-K.GHosl £ S.RAYCHAVDHURI

(ADd MedEL) (RS ModeL) —



