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More details and collider aflo/ica{-ions will be
discussed m Y. G Kims talk .



¢ New /')/)ysics at Jel/ ?

o /‘/ierarcﬁy /Oroé/em
o Dark matter : WIMP 2

® (onstraints frvm /orecision EW measaremenfs,

f’deca)/ , etc

7 New /Dam‘-ic/es at Tell with conserved
7a.ualrn.’-t,tm number ( SUSY with R-parity,
Little Hrggs with T-parity , UED with

/</<-/oarit)/, )



[ Ty,oica/ [ol/l'aIer' §i3na/

Pair--—IDrDc/ucecl new pari'ic/es' Y + ).7 aleca)/iny as

Y = visible Ioarf-ic/e[s) *+ an invisible particle X

( Mat;er /’“% Visible s F: . m,
/7/ ;s(\[_;/?) invisible /?, mx
\-\ ///// > k.M

P = Total visible momentum from Y ( .Y—)

m. = Total| invariant mass of P

p

Unknowns : - m, , " ., K;



o [etermination of M, . M, .,

Hinchliffe et al. €1997) ;
/_ong a’eca)/ Cédi’l Allanach et al. (2000) :

Weig/ein et al. €2006)

s . LS

- Z -=>

y Tty Y y’ y” v 4

/Van)/ invariant mass combinations of visrble Far—i-ic/es

wﬂose ena/ foim.‘ Va/aes & dis t+ibu tion S‘Aaloes IDraw‘a’e
information on the involved new particle masses.
In many cases, the overall mass S'ca/e is uncertain ,

Mi/e i—ﬁe mass z/ifferences are accural-e/)/ a/el-e/-minea/.

Also the new Par{—ic/e mass sloecél-a mlglz‘ not allow
fuc[ /] /on? ca.s'caa/e a’eca)/.



X Cho, KC, Kim, Park (2007)
Transverse mass ( My, ) kink 7 " !

Introduce a trial LSP mass 7"};,
and exfra/Ja/a'l'e mr to +he

hylaai-ﬁei-ica/ situation with ?'7,1: m,
giving different curves for different

visible kinematic variables .

>
n, 775" = trial LSP mass

The g/oéa./ maximum of Mrz shows a kink structure

at m,= m simu/taneous determination of m, £ m, .

T he s[afe of M::x(f';) at 7”\7;> mx can /Dl'vw'Je further

infarmaf-ian on ini'ermea/iafe on-sle// /Dart'ic/e mass .



/ Mrz - éener-a/izecl Transverse Mass
[

Lester. Summers (1999) ; Barr. Lester . S’z‘e,a/:e»s (2003)

® /ransverse mass . MT
= mzssm? momentum, but kT can be

w — L) Pck) determined for each event

Paz (ETcosﬂ7, -f:, ETS‘inl7 )
1=4h(Eth/E-p ) , ECE)=[IEltm

2 2 2 =0 -2 _ _..‘
NT = m, +nm + z(ET(/Zrn_Cr(kr) /; k,)

M:_-. o+ m + 2(ECPIECE) cosh 47 ALY A A

may Maximum - =
> MT = over [ M (P .k.m m) ] = M
all data T — 4

all measured or Enown



o MTz for events with two missing /oaréfc/es
Lester, Summers (1799)

p.om
>< f.k’ E/ Fz y mx Qare unénown
\l: exce/)i' for E. + k.
-

T

(MTU)) = ,,”[z,_ ﬁ: * Z(WE,./z"' m; V“-‘:'rlz"'ﬁ; - ET'F:T
(i=1,2) [i-ria/ LSP mass L trial] LSP momenta
~ a) (2)
— Mma X
M(Fm ) = min [ omax (7M7)

Thal U I NG R 2

= /‘/y/)oﬁez‘ica/ M for /rypof-lef-/ca/ LSP mass m,



M(F, m ) = min [ omax (M7M7) ]

T2 ‘T { k. }

-—n -
T = momentum S‘face a/on? w[icé 'DY + c /s Anawn.

[i
dim (T) = { 2 for hadron collider
3 for  lepton collider

Ana/)/i-ic form of MT2 for dim(T) = 2
Lester £ Barr (2007)

~ .2
[Unéa/ance/ solution - ( "'7‘- o mx )

2 oF

T2 Boalanced solution : we o+ A
+[{/+M e ) (A i, ))
( A= Er Eﬂ' v ﬁr ) Ipzr )




Mrz is invariant under the S‘loacia/ rotation %

back -to- back Lorentz boost of P,';. £ i’:r.
Cho, KC, Kim, Park (2007)

Gombined with the definition of MTZ . this im/o/ies
M7'2 is the same funcé—ion of the 4 invariant
variables , A =E.E * P, F;,. , ;lle for

dim (T) =1,2,3, -

It is S'fraiﬂ{-forwara’ to derive Mrz faf' a/im(T) =

, (’”;*”’\7’,)2
> K= .
+A+((/+ )(/4 " ))’/z




Maximiziny Mz over all events

T
max -~~~ _ max - =~
MTz (m"') [P"m}[ MTz(i"'T'm‘"m")]

AT 4

Again, asin? the 5acé-£'o-$acé éaasz‘ invariance, ohe can

show that the 3/o£a/ maximum can be obtained 5)/
wnsia/er-in? Y + ¥ at rest

Mmax(;nv) max [ 7(”’:'”’295' ‘};};)]

4
Tz {mll»’Zle} —

Y

Mn for Y+ Y at rest
?("’,,my ﬁa mx) = MTZ(m" ”'3,/4 ] ;”;)

for A= [[rrem V pIem: + P f cost
g2 = (omem-m ) ((m=m=m: ) /o m



It is Si'raiylti-forward t find

r mxima/ visible invariant mass

max ?(ml=ma=mmax’ g=0, M ) for mx z mx
T2 (mx) = mi»ima/ visible invariant mass
?(”’I:mz=mmin’€=a' mx) fp'— 7?7;<m/t
= / 2 2 _2 2 2 242 2,02 .2
= = = e - — -m
7(’”: m, , 4 o,m )= 2m, Tﬂr mx‘l' mv_‘l'V(m!'f mx »721_)'1"4”’z (mz X)
m max
v ~
1M A(m=m=m__, f=0, %)
m L- _____ _ 7{'”’: mz- m“i', y) 0‘0 mx )
‘ |
|
lm ~o
L > "

Kink structure appears 7enerica//)/ if the decay products

of Y contains more than one visible /oari-ic/es , So that
m. < m,

min X



° Examlp/e . é/uino M

72
%g } m = m#
i — #tx 93 >\,\ T
Three éoa'y a’eca)/ (ascade two 60// a/eca/s
- 9x j— §¢ — f3x
(75> 7 ) (75 < w5 )
0 < my < Mo, o< m < Vim;-:i)m;-m,)
'\,\ "/\ f ?
g fro
7 % o off-shel L el
< oe—----> ? ? 3 ? ? ~
& &— 0 > 9—0:’ ?
? 7 ®
g at rest S @ i et %




Three 604/)/ a’eca/ Cascade two Aoa// a’eca/s

4 [ The sﬁa/Je of
curve defe»a/s
m.
- oh M. , S
Ui __y? ; 0 can
/,/’ I be used to
,' determine M. .
| 7, f
—b— — é)‘;

¥
Kink structure is séar/oer

when M, - "L?v is more sizable

Jransverse mass kink me{%ac/ can ée ap,o/iea/ to
a Varieé)/ of mother particle pairs % the resu/i-ing

Visi He lDarf'ic/e com Ai»a fians :



¢ Summary

o [ransverse mass (Mrz) kin k migH' /)row‘/e a

usefu/ Wa)/ fo Jef‘er-mine H»e overall mass S'ca/e

of new IDar-f-ic/es at TeV, ,oart-icu/ar/)/ the
WIMP dark matter mass .

o [# mi?H' be Ioossié/e to consider a variant of

MTZ to make the kink structure sﬁarloer,
(Work in progress )

o More details and applications to LHC will je
discussed in Y. G Kim's talk .



