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We have a hint of SM-like Higgs boson

95% CL limit on /o,

Results reported in Dec13
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Two-Higgs-doublet model
(2HDM)
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Models for tiny neutrino masses

—

o Zee model (radiative seesaw)

[[, — +ZW1KRH1 + ZYKZERHQ -+ H.c. ]

o Gauged Type-Illl seesaw

2HDM often appears in new physics BSM
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2HDM in SUSY

r»

o SUSY requires 2HDM:

o Holomorohy of superpotential
o Mass generation for up- and down-type quarks
o Anomaly cancellation

o Gauge coupling unification

{L = +QYupH, + QY dpHy + LY, 0 Hy + H.c.]

2HDM often appears in new physics BSM

2HDM is a low energy effective theory

POwlLHC Koji Tsumura (ntu) )



Classify 2HDMs by Yukawa

—

o General 2HDM (Type-llil)
L = f (Yvﬁlq)l -+ nggq)g) KR + H.c.

Yukawa int. is not simultaneously diagonalized with mass matrix.

> Generate tree level FCNC (Flavor changing neutral current).

o Adding extra Z2 sym. to avoid FCNC
(I)l —> —|—(I)1, L — —I—L

L=L( > +Yn®)lg+He

POwlLHC Koji Tsumura (ntu) 0



4 types of Yukawa int.

r

o 4 independent combinations of Z2 charges

Oy | Py |up |di | by | Q, L
Typel || + | - | - | - | - +
I?yzge—ﬂ + |- -+ |+ + ‘
Type-X || + | - | - | - | + ] +
Type-Y | + | - | - | + | - +

oType-Ill: 2HDM siructure in SUSY

POWLHC Koji Tsumura (ntu)



4 types of Yukawa int.

Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)

r:

o 4 independent combinations of Z2 charges

Oy | Py |up |di | by | Q, L
Typel | + | - | - | -1|-1] +
Typelll | + | - | - | + | + | +
[TypeX [+ - [--[+] +]
Type-Y | + | - | - | + | - +

oType-X: gauged type-Illl seesaw

POwWLHC

Higgs bosons distinguish quarks and leptons!!

Exira Higgs can be leptophilic (tanf3>3)

Koji Tsumura (ntu)
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2HDM (Notation)

o Softly Z2 broken 2HDM potential - (w ﬁﬁm))

A A
Varpum = mfcbjcbl + mch);cI>2 — (m%cb’{% + H.c.) 1 2

5 (2121)° + (@

L P
2
+ A3 (B1D)) (DL D,) 4+ Ay (1 D,) (D1 0,) + [ (®1®,)% + Hec. ]

o 5 physical Higgs bosons (assume CP inv.)

m3, \s real
hq H 2 2z wi | wt _ [cos® —sinb
(o) =0 (2): (2) =m0 () () =0 () o= (50227

o Higgs boson masses in SM-like limit

A
mi ~ 2)\’02, m%IAHi ~ M? + % where M? = m3/(sin B cos )

POwlLHC Koji Tsumura (ntu) )



o In the SM-like limit [sin(B-a)=1]

o “h" behaves as the SM Higgs boson

Vi W;'Wl',*'h cigwMw sin(B — a)guy

V,

o “H, A, H+” behave as scalar boson

£ W:WJH cigwMw cos(B — ) guv

»

POwWLHC Koji Tsumura (ntv)
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Type-X Yukawa interaction

r:

o Yukawa int. of extra scalars (H,A,H*) in the SM-like
limit is corrected by a factor of tanf =< &, >/< o, >

§r X my v

_1/ tan 6 SM'Iike
tan o SUSY-like

3 £ 3
Type-I | 1/tan | —1/tanf
Type-I1 || 1/ tan tan 3
IType—X 1/tanfB | —1/tan tan [ |
Type-Y || 1/tan tan —1/tan

Type-X: Leptoplilic in tanf>3

POwWLHC

Koji Tsumura (ntu)
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Aoki, Kanemura, Tsumura, Yagyu, PRD80, 015017 (2009)

Higgs decays in 2HDMs

(SUSmlike) Type-X
m,=180GeV, sin(p-a)=1 m,=150GeV, sinf-a)~1
]OO% | LT R RS —— I Famu — T ‘ ‘]OO%
O \ | @ |
10% ! O ! - 10%
| SRR | | |
0.1% | Ts | 0.1%
e \ .
: T :
tanp tanf

o 2HDM-X: Enhance leptonic Yukawa int. by tanp.
o More than 99% of H/A decay into tt
o Sizable pp [ (m,/m )?=1/300 ] mode

POwlLHC Koji Tsumura (ntu) 2



Why do we focus on Leptophilic Higgs boson?

POwWLHC Koji Tsumura (ntv)
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Leptophilic Higgs

—

o Problems in Lepton sector?

<O 'O
n!
o ° ¥ ol
oTiny neutirno mass e AN
3-loop neutrino mass, light H+, (P AR
. R
by Aoki et al. PRL102:051805,2009 N,
“t Hbeadecy| = 2 = =
I
e,
E)aviér e2t al. 09/1 (t-based) e
_D;\/Ziér;t al. 09/1 (e*e?)

03.20 excess in Muon g-2

POwWLHC

Light A (cp odd Higgs) With high tanf
by Cao et al. PRD80:071701,2009

Koji Tsumura (ntu)
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Leptophilic Higgs

o Problems in Lepton sector?
olLeptonic cosmic ray @ PAMELA, FERMI

Higgs as a messenger of DM

by Goh et al. JHEP 0905:097,2009  §* PAMELA e*
DM DM > @ & > ot 4
§oc« /

Theory curve

100
Energy (GeV)
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Experimental constraints

- Direct search results

- Tau leptonic decays

POWLHC Koji Tsumura (ntu)
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Direct search limit

Higgs Bosons — H? and H*, Searches for

ThleJ.im.i.ts.ﬂ)L.L-l.(i).a.nd.Ag.refer_}o the m"® benchmark

thd‘ supersymmetric parameters.
HY Mass m > 114.4 GeV, CL = 95%

[w—

u LEP
C (a) Vs =91-210 GeV

Observed
---- Expected for background

95% CL limit on &’

H(I) in SUPersyrtl‘T?.t.r.if:..hfodels (mH(l) <mH8) 10 2030760 80 100 120
Mass m >, 92.8 GeV :CL = 95% my(GeV/c?)
A° Pseudoscalar nggs Boson in Supersymmetric Models . 4
Mass m >‘::9_3_._£} Cége_\_/::(L =95% tanf >04 "
HE Mass m >.793GeV: CL = 95% e s i
See the Particle Listings for a Note giving details of Higes
Bosons. er . - H”
‘\;Z P
Direct search bounds are below eV..
e H*

POwlLHC Koji Tsumura (ntu) b



Small Yukawa coupling with quarks in Type-X.

s

For large tanp

Are there any purely leptonic consiraint?

POWLHC Koji Tsumura (ntu)



T leptonic decay

r

500 - - - —— Y
400 it:uT\;\;/)e IT & X @
7
>300 @ 20 <
% lo v
= Type-Il, X
ype-ii, 2HDM 2
100 ) b =1- 2y tan” 3
BsM m2..
10 20 tisa(;ﬂ 40 50 060 Type-I,Y BZHDM _, Qmi |
BsM m2,. tan® 3
milder bounds for Type-Il and -X
mH+ ~ 100GeV is allowed for Type-X
POwlLHC
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Leptophilic Higgs boson @ LHC



Leptophilic-2HDM @ LHC

r

o DY production with leptonic decay modes

T (1)
Z i Multi-tau signature
4t: more than 99%
N . 2p27: of4r) x 1/300 x 2!

s=14TeV, CTEQ6L

.o, LHC 14TeV
N\ Ny

100fl oo™

50

o (fb)

201

10fo ™

Cross sections are O(10)fb

150
mge (GeV)

POwlLHC Koji Tsumura (ntu) 1



Framework of Event analysis

r

o Signal/BG(VV,ttbar,DY) are generated by PYTHIA and MG5
50fb for mH=130GeV & mA=170GeV/107pb, 492pb, 30nb

o jets (anti-kT alg. with R<0.4)

otj = tavjet: |n)<2.5 pr>10Gev

|dentification; 1 or 3 charged hadrons (1- & 3-prong)

T[i

- narrow cone R<0.15 (95% of e7)

leptonic 1-prong 3-prong
T v 17.36% 1 —hv: 11.61% T — h~hTh=(> 0h%)r : 14.56%
T—evv: 17.85% 1+ — h~hO%v : 25.1%

r— h=(>2hr%r : 10.85%

POwlLHC Koji Tsumura (ntu) £2



4 tau lepton signature

|

pp — 7* — HA L =( e ‘
* H/A decay into tfau-lepton pair by more than 99%.

41, T T, T T, ~(65%)*~18%
-
H 3, 1L 1, (T, T, L ~4(65%)°(35%)
-
§> 21,2L ¢ 3 (L L ~6(65%)(35%)"
A " 11,3L 7, (L (L (L ~4(65%)(35%)°
' 4L L (L (L (L ~G5%)*"~15%

 more tau-jets, the larger branching ratios

POwlLHC Koji Tsumura (ntu) £3



41, channel : T ™ T Th  (anexample)

—

(0.65)* ~ 18% : large number of events is expected

- perform selection cuts to enhance signal/background ratio

High multiplicity of tau jet reduces BG.

A1y, event analysis| HA |¢"HE||VV | tt |V +jets|s/b[S (100 fb~1)
Pre-selection 324.1 52.8 |1147.1797.| 5105. [(0.1] 4.7
pr =40 GeV  [[67.2] 4.9 | 2.0 |14.7| 21.7 ([1.9 9.4
ET = 30 GeV  |[48.6] 4.4 |[M.1|7.6 10.6 |28 9.3
HF' < 50 GeV |[34.2] 3.4 Irf 0.5|08] 82139 8.7
HyP > 350 GeV (27.6] 2.7 fl 0.4 |0k | 3.1 Y[7.5 9.3
] i\ t
! \\ \
/ AN \
High pT cut: VV “ pT cut: DY

Htjet cut: ttbar

POwWLHC Koji Tsumura (ntv)
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—

471, channel : Ty

(an example)

g EII.l:lIlllllllllllllllllllllllllllllllllE
; .;;.U. = HA 4
§ [ -‘gl'l ==W
@10 SR
5 F =+ V+jets 3
2 [ ]
E i
=

2

10°

T ll'll!ll

10

T lIl“l

=« V+jets

POwWLHC

Numberof Events / bin

E N S——] --—-

‘---_-n?_d
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41, channel : T ™ T Th  (anexample)

(0.65)* ~ 18% : large number of events is expected

- perform selection cuts to enhance signal/background ratio

A1y, event analysis| HA [¢"HT||[VV | tf |V +jets|[s/b|S (100 fb—1)
Pre-selection 324.| 52.8 [|147.1797.| 5105. |[0.1 4.7
pr > 40 GeV  [[67.2[ 4.9 | 2.0|14.7] 21.7 |[1.9 9.4
Fr >30GeV [486] 44 |[1.1|7.6]| 104 |28 9.3

7.2

, 8.6

HY' <50 GeV |[34.2] 34 [|05]08] 82 |[3.9 8.7
76| 27 [04]05] 31 (7.5 9.3

HIP = 350 GeV [[27.6

° Large significcmce with large s/b ratio for L = 100 [fb-].

(we only used one channel I!)

Almost BG free, excess can be found.

POWLHC Koji Tsumura (ntu)
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471, channel : Ty T, T, T,

—

(an example)

with Large significance
Excess can be easily found.

POwWLHC

Koji Tsumura (ntu)

4——,.\ 4——,. 4—-~; 4—-~;\
A, {3r1p 3‘;11( { 2rnlple ) { 27,2
Lept -hannels ' \ J \ \ J \ I_
epton channels |, o) | mmae(s) | yr=ls) | Sp==19)|  Jr--15
Pre-selection |[377./6050. (4.8) 302.,.42 8. (4.6)[278./3883. (4.4)[166./917. (5.3)[74.4/13202. (0.6)
Pt > 40 GeV | 72.1/38.5 (9.5)| 87.2/70.2 (8.9)] 80.2/72.2 (8.2)|71.7/67.5 (7.6)| 32.4/479. (1.5)
Fp > 30 GeV | 53.0/19.0 (9.3) 693 546 (8.0)] 63.4/53.8 (7.5)[58.0/58.6 (6.7)| 26.3/38.6 (3.8)
HI®' < 50 GeV || 37.6/9.6 (8.7)| 49.0/17.4 (8.9)| 44.9/23.0 (7.6)|41.7/13.7 (8.5)| 18.7/16.0 (4.0)
HYP = 350 GeV || 30.3/4.0 (9.3)] 34.5/8.4 (8.4)] 31.4/10.9 (7.2)| 24.2/3.8 (8.0)| 10.7/8.2 (3.2)
(my).. =10 GeV - (-) - (-) - (-) - (-) 9.3/25 (4.2)
1mh1u2e 1mh3e 13e 1e 1
Lepton channels \\L _ﬂ—(” \\(-}_(—'_’ e _(,’ ——
s (S)| s/ETT(S)| s/ (S)| s/BT(S) T, T,
Pro—solc('tion 20.2/132. (2.5)[8.7/120. (0.8)[1.7/7.6 (0.6)[0.4/268. (0.0)
> 40 GeV  [|19.3/38.6 (2.9)(5.6/34.2 (0.9)] - () ; )
ET 30 GeV |[15.5/22.1 (3.0)|4.6/19.2 (1.0)[1.2/3.4 (0.6)| 0.3/2.6 (0.2) Th Th
(myz)ee £ 10 GeV| 13.6/2.4 (5.8) 4.0/6.5 (1.4)|1.1/1.2 (0.9)] 0.2/0.7 (0.2)
Th Ty
* Many channels Y
h

2]



41, channel : T ™ T Th  (anexample)

o Comments:

o Due to the many sources of missing momenta,
mass reconstruction is difficult.

o Higgs boson masses may be obtained by finding endpoints

of A _ distributions.
" mH=130GeV & mA=170GeV

G_—||||||||||lll||1|||| |||||

Number of Events / bin
>
|
|

Number of Events / bin

—200 2io e e T lTsT '2% 250 M
2 2 > m
M ThT, ThTh ThTh ThTh

Pairing of tau-jets from the four can be chosen for the pair which has max.
transverse momentum of tau-jet-pair, or which has smallest distance.

POwlLHC Koji Tsumura (ntu) 8



2 mu - 2 tau signature
7" s HA
" )- 00

occasionally, H/A decay into muons;
B[H/A — pu] ~ mﬁ/m% ~ 0.35%

- ~ 2 % 0.35%x
H 21, 2| T, T ‘ ‘ (65%)°
-
§> 17, 1L 2p © 1, L “ 2(65%)(35%)

Small branching ratio, but clean signatures

of dimuon with sharp resonance peak.

POwlLHC Koji Tsumura (ntu) £



2u2TH Channel : “ T T (anexample)

r

o Dimuon inv. mass dist. MMM

o
LI
|

Number of Events / bin
2
Number of Events / bin
F=
|
il
-
|

W
LI I L L B

oSharp peaks (H,A%MM) around )\(\=13OGeV,17OGeV

\
Measurement of Masses, Direct probe of Pair pro!éuc:’rion with collinear approx.

oBroad dist. from muonic tau decay (4’592!14217])

POwWLHC

Koji Tsumura (ntu) 30



Summary

r

o Leptophilic 2HDM is interesting.

o Light scalar bosons are allowed by experimental data.

o Scalar bosons mainly decay into tau (mu).

oMulti tavu events can be clean
signatures @ LHC

o Excess of 4 tau signature can be easily found.

T (1)

. s H
47, Channel @ © Ty Th “ 7 <T+(/1+:
Q;LQTh channel : “ Th Th \\\ <T‘(/1‘I
POWLHC Koji Tsumura (ntu) 31



Allowed Higgs mass region

ATLAS

Results reported in Dec13 g (TR
& 105 ----Exseeé\t/:d
E - -$1c(55
O Excess @ mh~125CEeV o 0=
CMS|Preliminary, \'s = 7 TeV [—— - Observed l_ e
Combined, L =4.6-4.7 fb™ {55555 Expectedt 1o
............. l ‘ k Bl Expected £ 2c : CLs lelts

—
o

95% CL limit on /o,

.........................................

| SS9 LEP excluded

Tevatron excluded
] CMS excluded

Vo

......................................

IIIIIIIII

Illllfllll‘llll]l!ll

]
10100

POwWLHC

300

400 500 600

Higgs boson mass (GeV/c?)
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Z > Mh > 600 GeV

j Ldt=1.0-491b" E

||||||||||||||||||||||||||||||||||||||

''2011 Data -

\s=7TeV

110 115 120 125 130 135 140 145 150

CMS

M, [GeV]
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Official CERN Statement

o The main conclusion is that the Standard Model Higgs
boson, if it exist, is most likely to have a mass
constrained to the range 116-130 GeV by the ATLAS
experiment, and 115-127 GeV by CMS. Tantalising
hints have been seen by both experiments in this

mass region, but these are not yet strong enough to
claim a discovery.

POwlLHC Koji Tsumura (ntu) 3



EW precision data

:
o Blue band plot (A global fit of the Higgs boson mass)
6 .lunrzum.. .‘ m, : =‘158 GeV
5 % A Acgo, = { : 1
This plot is the reason why | T
we believe a light Higgs boson#| i "o i
: L H ) 2 i
W/Z W/Z _
1- |
0 | Prelifninary—
30 300
T = Ap = RS S (0 T = 0)

POWLHC Koji Tsumura (ntu)



EW precision data

r———
mtop: 1GeV step
o ST-parameters

; H v T T

W)z W)z o2 =
Count number of fermionic degrees ,\m
(sensitive to 4"-generation, technicolor) 0.1 5%

\ 3 / _33, e
S = 167 [HTQ (0) —TI7 (0)] 4y CeV
4/2Gp =33 —11 o [
- == [HT (0) — Mz (O)] 500GeV
EM
Characterize custodial SU(2) breaking —0.2

0.1 0.2

— _ o NeGr(mi—mp)?  3GrmZsyy My, ot
apyT = Ap =+ 8v/2m2 8v/2m (In mZ, 5)

Log dependence on Higgs mass

S =0.03 £ 0.09, T = 0.07 % 0.08 (p = 0.87)

POwWLHC Koji Tsumura (ntv)



4 types of Yukawa int.

| o

o 4 independent combinations of Z2 charges

_ Q) | Dy |up [ dp | Lp QL
‘ Type-1 || + | - - - | - + ‘
Typelll | + | - | - | + | + | +
Type-X || + | - | - | - | + ] +
Type-Y | + | - - |+ ] - +

oType-l: SM-like Higgs and an extra scalar

(may relate for Ma model,...<d1>=0)

POwWLHC

Koji Tsumura (ntu)

Fermion masses are generated only from &2

36



4 types of Yukawa int.

o 4 independent combinations of Z2 charges

Oy | Py |up | di | 4y | Q,L
Typel | + | - | - | - | - +
Typelll | + | - | - | + | + | +
Type-X || + | - | - | - | + ] +
Type-Y | + | - | - | + | - + ‘

oType-Y: | have no idea related for NP.

(actually stringently constrained by experimental data)

oType-lll (general): Zee model

[£ — —I—ZYHERHl + ZHQERHZ -+ H.c. ]

POwWLHC

Koji Tsumura (ntu)
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B>tV

o Only W boson contributes B — t v in the SM

/\/\/’\f\

/\/\/\

G2 |V |* Famgm?

PSM

8m(1 — m%/mé;,)?

.

2

m,

2
myy

3

= in2qoms, H+ contrib. can be important!

B,

POwWLHC

b

u

>

>___

Koji Tsumura (ntu)

- [32HDM sz 2
~ |1 §aée
BSM ‘ m2..

-

I 7 gu gd gz
Type-I | 1/tang ||—1/tanf | —1/tan g
Type-II || 1/tan S tan tan g3
Type-X || 1/tanf ||—1/tan tan 8
Type-Y || 1/tan S tan 3 —1/tanp

38



B — tvin2HDMs

o Experimental limit:

[B(B+ —77y,)=(144+04) x 10~* J

|.Cll‘ge deViCIﬁOhS from the SM can be constrained.

In particular, Type-ll 2HDM with large tang.

o In 2HDMs, H+ contrib)\can be important!

POwWLHC

e >@<

/\r\r\r\
/\/\/\

Koji Tsumura (ntu)

~N
[32HDM m2 2
~ |1 - §a&e
BSM ‘ m2..
/
" ¢? 3
Type-I | 1/tanf | —1/tanf | —1/tan
Type-II || 1/tan S tan 8 tan
lType-X || 1/tanf | —1/tan 5 tan 0o
Type-Y || 1/tan S tan 3 —1/tanp

39



B — tvin2HDMs

50 Type-ll | p2HDM m% ., |
il B~ 1 — —=tan”
400¢ in Typée II m H:IZ

® 2o

52 1o well known stringent constraint
F - on SUSY charged Higgs
100y Type-X, Y [32HDM | m2, 2
~ |1 — (—-1)
SM 3
10 20 30 40 50 60 B M
tang
Type-l [32HDM m2B 1 2

z‘l—

BSM

m2. tan® g

This constraint is only applicable for 2HDM-II

POwlLHC Koji Tsumura (ntu) 0



One-loop: b — sy

r

o b —syisone of i mportant observable.
Y X @ R@“V
Although 1-loop, but enhanced%@—
In addition to C7W (SM W boson loop), - 5.8

Type-Il, Y CF* =2v2 { (L

5 F (L) + (k) tan BG(5E) |

H*E HET

almost tanp independent contrib.

Type-l, X C';{i — 2\/5{(,68;5)2}7(#) + (tailﬁ)(tailﬁ)(;(rn:;—t)}

Myt HE
" ¢? 3
Type-I |[|1/tanf | —1/tanf | —1/tan g
Type-1II [||1/tan 8 tan 8 tan
Type-X |[|1/tan | —1/tan tan 8
Type-Y |[||1/tan S tan 3 —1/tanp

POwlLHC Koji Tsumura (ntu) %



One-loop: b — sy

Type-Il, Y CI* =

500y
almost tanb independent contrib.

Botv
in Type II

® o

400

Excludedby b — s ¥y

=30
Q)
5}
=20 —
10 chargino—stop loop can cancel this contrib.
- Light charged Higgs is still possible in MSSM.

60

10 20 30 40 50
tang

This constraint is applicable for 2HDM-II & -Y

or = 2B {(hs PG + () () D)

Type-l, X

42
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2u2TH Channel : “ T T (anexample)

P —
6 x (0.65)2-(0.175)2 ~ 7.8% from 7777

0.7% x (0.65)2 ~ 0.3% from uurr — lIMUON ped ks

e perform selection cuts to enhance signal/background ratio

before cuts s/b < 102, but ~ 3 after cuts

2427, event analysis| HA|¢"H*||VV | tf [V +jets| s/b |S (100 fb—1)
Pre-selection 01.0{ 7.7 ||441.]393.| 15675. |[10~2
pit =40 GeV (411 17 [[37.7]334] 548 01| 17
E. >30GeV (331 1.6 [14.7]29.9] 5" 0.7
HY* <50 GeV  [[24.0] 1.2 [[9.7[43| 3.0y || 14
HpP > 250 GeV [[21.6] 1.1 || 86(3%] 1.0\| 1.7
(my ) £10 GeV [[18.8 2133 3.1

N, " pT cut: DY
HTjet cut: ttbar
InvMass cut: VV

Koji Tsumura (ntu)
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2u2TH Channel : “

Number of Events / bin

Th T (an example)

—
E I-lllllllllllllllIlllllllllllllllllllllll-
f -HA -
2
c Al --W _
&' Ep w3
s tr“ = = V+jets 3
'é : 'II-. :
> .l-'Sn
2104:_ :-'-;.‘ 3
F .-l-n 3
= - Wy
[ “ad mm "t
.-
10°F T

Er™ [GeV]

POwWLHC

Number of Events / bin

Number of Events / bin

£0.22F T
— HA é 02F g =—HA
-V s - ==V
. T tT ) 3018 :-I 1 n tf )
=« V+jets s0-16F | g = Vijets
Boaap_1 )
So12f) : E ijTj
10% 1
0.1F-! T
0.08f-}
0.06E4
-1
10 0.04
0.02 e -
00720 40 60 80 100 120 140 160_180 200 09204060 80 100 120 140 160 180 200
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035
g=] ' .
0.6 = HA E : a - HA
E 03 ' : --W
05 g A o
5025 - - = Vijets
= b |
04 2 g
€02 "oyt
L I
z . "
- 015 .y
.-
02 0.1 "
|
|
01 0.05 :
0 o BT u° .
0 50 100 4 0 00 800 S00 1000
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Event by event determination of HA pair

O t—t inv. Mass can be reconstructed !!

o Collinear approx.
(7= 7)

v from energetic T decay is along with charged track (j)

> T mom. can be determined from taujet and MISSING pT

— 1SS — —
[pT = C pTle =+ C2 pTTj2 J

2 unknown (c1 & c2) are calculated by solving simultaneous 2 egs.

[MTT — \/(pTl ‘|‘Z772)2 ~ Mq-jq-j/\/ R1%<2 ] 5fjﬁzﬁf=1icﬁf

POwlLHC Koji Tsumura (ntu) =



2u2TH Channel : “ T T (anexample)

r

o Taujetinv. Mass and Tau inv. Mass

-
(=]

% :'—l T l L L L I L L ] L I B | I L l—': %0.35-_ I ] ' T l LI l__
- C — HA ~ C — ] A N
g 14 s £ 03F _-eVV S
> - > L o -
"ul' 1 2-_ t\}.+' ] E C P tf : N
= - --=V+jets - 50.25 ! ---Vijets J
g 1 1 £ ¥ '
3 C S 0.2 ' -
< 0.8 < r N

0.6F .

osharp peaks (H, A=>TT) around M=130GeV,170Gev

M, = \/(pTl +p72)2 = MTjTj/\/ %142

POWLHC Koji Tsumura (ntu)



2u2TH Channel : “ T T (anexample)

3 AR I B I I
olLess # of events : | ol
W 4 oo tt
“2‘ E Ei ---V+jets :
under the collinear approx.i. ; ;
=z L :: -
2427, event analysis|| HA|o"HE||VV | tf [V +jets| s/b |S (100 fb—1) 2:_ ii _:
Pre-selection  [|91.0] 7.7 [[441.]303.[ 15675. [[10-2 0.8 i R ]
Pt > 40 GeV  [l4L1) 17 [137.7)33.4] 548. || 0.1 1.7 s i \ ]
FE>30GeV |[[33.1] 1.6 [14.7209 5.1 | 0.7 4.5 : _ 1 ]
HY <50 GeV (1240 1.2 [|97[43] 31 | 14 5.1 ’ )
H“" > 250 GeV  [|21.6] 1.1 |[86(37] 10 | 1.7 5.1 e’ M.
(M), £10 GeV [[188 1.0 [[2.1]33]| 1.0 | 3.1 5.8 FL
0.S. muons 13.2 06 (| 2.0]3.3 1.0 2.2 4.4
0<z10<1.1 29| 0.1 [[1.0]06] 0. |19 1.9
(my)er =20 GeV || 27] 0.1 [[0.2]06] 0. || 35| 23

POwWLHC
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2u271, channel : “ T, T,  (an example)
—

o Several channels can be combined

A—--

—-.A

YLV

A—-,

— —
Lepton channels (2~u2rh— ! ( 2“17-"1—6 , (. 3;117';, ( 4” ' ( 3ﬂlf , ( 2#2£”
s/b”"" (S) s/'B" s/’b'" ( sE=7(s) | s/b”
Pre-selection  ||98.7/16507. (0.8)[35.7/154. 2.8) 14.3/162. 1.1) 0.9/401. (0.0)|2. 3.3/647. (0.1)
p > 40 GeV || 42.8/618. (1.7)[23.6/46.2 (3.2)] 9.4/46.8 (1.3) (-) - (
Ep >30GeV || 34.7/59.7 (4.5)[19.2/25.3 (3.3)| 7.7/27.5 (1.4)| 0.7/4.2 (0.3)|2.0/5. 5/5.7 (1.0)
HI* <50 GeV | 25.2/17.1 (5.1)| - () - (-) (-) - (
HYP > 250 GeV || 22.7/13.3 (5.1)[15.7/18.4 (3.3)] 6.5/20.2 (1.4)] 0.6/2.1 (0.4)|1.5 1.7/3.0 (0.
(my),, =10 GeV| 19.8/6.4 (5.8)[13.7/2.3 (5.9)| 5.4/5.1 (2.1)0.5/0.5 (0.6)|1.3/0.6 (1.3)[ 1.3/0.3 (1.
0.S. muons 13.8/6.3 (4.4)] 9.5/2.0 (4.6)] - (-) (-) 0.9/0.3 (1.
0<z10<1.1 3.0/1.6 (1.9)] 3.0/1.0 (2.3)| 2.0/1.3 (1.5)[ 0.4/0.2 (0.7)[0.7/0.3 (1.0)| 0.4/0.2 (0.
(m,).r £20 GeV| 2.8/0.8 (2.3)| 2.8/0.3 (3.0)| 1.8/0.7 (1.7)| 0.3/0.1 (0.8){0.6/0.2 (1.0)| 0.4/0.0 (

POwWLHC
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2u2TH Channel : “ Th

T (an example)

r
£ 16T | T | 7 SossE T T A B
° = r 5 —HA
2D inv.-mass i fos :
D ° & F 03[ — VYV ]
G qaf @ F SO -t
° ° ° 5 r '50.25F ' V+Jet5—
distributions : ¢ O :
E E 0.2f =
Z osf z ' ]
of M, vs. M__ .. I 3
° - C - ]
MM TT ; o1E x E
0.4 “F i ]
02k 0.05- :: .
0 % 50 00756200 250
r —r 250 ] %250 : , : [TT
(2] - 4
L . & - 1 o
L ¥ L i =
- I;'=>, 2001~ 7 = 200 —
B o memmmielnaniTm i -
-opEEENEE - s = . HE -
| 150_ - - ® a ®m - nm e . o ; 150_ - - . |
...... ..-.----.-.-..-: -mn
l.-....lll-l- = ]
- 100 llll ---------- u 100 -]
[ '- -------------------- - - - = - = 7
i B N LI (I TTERR RN BRI
i K ll-- (1 L LR ENEE NN ]
L sor- . '-=l ====:.:HG 50 ]
rmmnnann L ICH eg pl'O e
L --..Il-ll
—l | T - I 1 1 1 | 1111 | 11 1 § I - —I 1 I 1 11 I 1% 1 11 1 1 11 1 I_
© < © ~ % 50 700 200 150 200 250
ulq / SJUBAT JO JdqUINN f HI ; S : : Ir M., [GeV]
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