3K\ VLFV P RWLYDWLRQ | RU D 9/ + &

) DELROD * LDQRWWL & ( 51

, QWHUQDWLR QDO : RUNVKRS RQ ) XWXUH + DGURQ &ROOLGHUYV

) HUP LODE 2 FWREHU

n O DLQ H[ SHULP HQWDOFKDOHQJHV
o 3K\VLFV SRWHQWLDO D I HZ H[ DP SAHV «

p ([ bP SAHV Rl SRVVLEOMH VFHQDULRY HP HUJLQJ | URP WKH / + & GDWD «

6 SHFXOMWLYH LQ P RVW FDVHYV «

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &ROGHUV ) HUP LODE



$ 9/ + & LV WKH RQO "LQ SULQFLSOH | HDV

Z KLFK FDQ H[ SCRUH G LUHF WO WK H 7 H9 HQHUJ\

LE CH p P DFKLQH

UDQJH

1 / HSWRQ &

KRZ HYHU

/' + & Z LOOP RVWANHO QRWDQVZ HU DORXWVWDQGLQJ

ROCALGHUV [ & H H O/ 2 7 H9

H H @) 7 H9
P P O £ 7hoe

GLUHFWREVHUYDWLRQ “QP LWHGu WR 7 H9

f 8 QANH I RU 7 H9 VFDMH QR FAHDU SUHI HUHQFH WRGD\

+ RZ HYHU

Dw

LQGLUHFWHYLGHQFH | RU 1 HZ 3K\ VLFV

7 H9 FRXOG HP HUJH | URP [ + &

DQG | LUVW / & ® FRP SHOOQJ DUJXP HQWV | RU

GLUHFW HJ

SCRUDWLRQ RI WKLY UDQJH

([ DP SCH
pw L

FDQ SUREH

LI P a * H9 ® 1 HZ 3K\ VLFV

+

*H9®D9/+&

GLUHFWO OOUJH SDUW RI WKLV UDQJH

) * LDQRWWL

, QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ & ROQAG

TXHVWLRQV

UHJLRQ

K\ LV WKLV LQWHUHVWLQJ

EHVWP DFKLQHYV

WR

FRP SCHP HQW / + &

LQ P DQ\ VFHQDULRYV

| RU VSHFLI LF ( VFDOMH LQ P X OWNL 7 H9 UHJLRQ

800 7 1 1 1 T 1]

. B00F- -

= e 2
)

&) = QRW DORZ HG —

—_— - e

B W o

- E =5

200 — —

a e not allowed _|

0_| e T o U o U o U o I

102 10% 109 101° 1015 1018

A [GeV]



7 KH HQYLURQP HQW DQG WKH P DLQ H[ SHULP HQWDOFKDGOHQJ HV

(TR o=
=hciiendes Wzh e )

i i

5HFHQW GHVLIQ VWXG\ | RUD

VWDJH SS P DFKLQH DW ) HUP LODE ® vhHh / LP RQ-V WDON
Z LWK O/ XS WR 7 H9

) HUP LOLDE 7 0

9/ + & 9/ + & ,

Q/ 7 HO9 7 H9

5 LQJ P P

0 DJQHWV 7 VXSHU | HUULF a 7

/ [ FP \% [ FP —
& RQVWUXF WLRQ WLP H a \ HDUV a \HDUV DI WHU 6 WDJH

>

XS WR

®

GLUHFW GLVFRYHU\

SRWHQWLDOXS WR P »

H9

) * LDQRWWL

, QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) HUP LODE



/I + & 6 / + & 9/ + & 9/ + & , ,
O/ 7 H9 7 HO9 7 H9 7 HO9
/ [
%XQFK VSDFLQJ Dw QV QV QV QV
Sss LQH DV WLF a P E a P E a P E a P E
1 LQWHUDFWLRQV [ LQJ a a a a
1 1+ S Dw
SS
G1 K GhSHU[ LQJ a a a a
(7! FKDUJ SDUWLF (HV a 0 HO9 a 0 H9 0 H9 a 0 HO9
7 UDFNHU RFFXSDQF\ a a
3LH XS QRLVH LQ FDR a a a
" RVH FHQWUDOUHJLRQ a a
T » A 4
*\ \HDU 5 FP
1 RUP DAQ] HG WR / + & YDOXHV DVVXP LQJ
VDP H GHWHFWRU JUDQXMULW DQG LQWHJ UDWLRQ
WLP HDW6 / + & 9/ + & DV DW/ + &
RWKHU RSWLRQV VXSHU EXQFKHVY EHLQJ FRQVLGHUHG DV Z HQ

VHH $ CEURZ

HQLVRY

+ DXVHU

0 RNKRY

)

* LD QR WWL

, QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) HUP LODE



HWHFWRU DQG SHUI RUP DQFH UHTXLUHP

HQ WV

RU 9/ + & 6 WDJH

t) RU/ £

UHJLRQV

[ HQYLURQP HQW VLP LCDU WR

GRVH XS WR » *\ \HDU FRP SDUHG WR » * o\

1 HHG P XONL SXUSRVH GHWHFWRU LQFOXGLQJ LQ SDUWLF XD U

F & DARULP H WU\

H M P HDVXUHP HOWV LQFOXGLQJ FKDUJH XS WR » 7 H9

I MYRXU WDJJLQJ

E woJ [ P HDVXUHP HOw ve

I RUZ DUG MHW WDJ J LQJ + LJJV FRXSAQJ P HDVXUHP HQ

( UHVROXWLRQ GRP LQDWHG E\

AP LW GHDNDJH R

"HDVLHVW SDUWp R

KLWK ( VKRZHUV HJ T £ MM DWRZ

/ + & LQ FHQWUDOUHJLRQ KDUVKHU LQ | RUZ DUG

\ HDU DW / + &

Z LWK ( S UHVROXWLRQ £

DP LO FRXOG SO\ VSHFLDOUROM LQ 1 HZ 3K\ VLFV

wv " VWURQJ ( : 6 % «

9/ + & GHWHFWRUV SURP LQHQW URMH S ( a Q
FRQVWDQW WHUP £ QHHG FRP SDFW WHFK QLT XH WR

FRVW

1 HHG KDGURQLF UHVSRQVH FRP SHQVDWLRQ | RUJRRG AQQHDULW\ XS WR a 7 H9

1 HHG JRRG JUDQXOODULW

& RYHUDJH XS WR

1 7 UDFNLQJ

1 HHG

QHZ UHVRQDQFH

P RVW

$ 7/ %6

P RVW G LI

LFXON SDUWRI 9/ + & GHWHFWRUV

P XRQ S UHVROXWLRQ Ds s £ XS WR »

7 H9 P XRQV VKRZ HU EHI

- £ NMMboc QR ; & HH HWF

&0 6 DSSa Dw 7 H9

7 H9

WR DSSO Z HLI KWLQJ WHFK QLT XHV

CHDNDJH FRP SHQVDWLRQ

_h_ » GHVLUDECH 1zZG MHWWDJ A& UDGLDWLRQ "

= - DV\P P HWU\ ( PV UHVROXWLRQ

LOOEH EDVHG RQ LQQHU GHWHFWRU

RUH 0 XRQ 6 SHFWURP HWHU

A QHHG WR LQFUHDVH % / DQG WR LP SURYH VSDFH UHVROXWLRQ

=

5 RRP I RUQHZ LGHDV DQG | RU 5 ' LQ GHWHFWRU WHFKQRCRIJ\

HJ GXDOFDRULP HWHU TXDUW] DQG VFLQWLOXDWRU

LEUHV LQ DEVRUEHU P DWUL[

)

* LD QR WWL

, QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) HUP LODE

«



$

(0} 3K\ VLFV SRWHQWLDORI D 9/ +

&

& DYHDW

f DONKRXJK SUHVHQW GDWD | DYRXU QJKW Z HDNO FRXSM™G

SRVW / + & SK\ VLFV VFHQDULR UHP DLQV XQNQRZ Q

+ LJJV

¥ "SK\VLFV FDVHVp I RU 9/ + & P RUH GL | LFXOV WR HVWDE QAQVK WRGD\ WKDQ I RU 7 H9 VFD

P DFKLQHV [ + & [ & VLQFH LW Z LOOH[ SCRUH WRWDOO XQNQRZ Q WHUULWRU\

3K\ VLFV WRSLFV VKRZ Q KHUH DUH RQO | RU LOOXVWUDWLRQ R

FDSDE LOWLHYVY DQG P DLQ FKDOHQJHV

6 WDQGDUG 0 RGHODQG + LIJV
6 8 6 <

6 WURQJ ( : 6 %

& RP SRVLWHQHVYV

([ WUD GLP HQVLRQV

DQG | RU VRP H FRP SDULVRQ Z LWK 6 / + & O/

3UHOP LQDU\ UHVXOW P DLQO
| URP KHS SK

&DYHDW @WUJH XQFHUWDLQWLHYV

VVXP SWLRQV

LOWHJ UDWHG OXP LQRVLWLHYV I E
I E
O/ 2 7 H9 H H P DFKLQH EXLON EHI RUH

/' + & OGNH GHWHFWRUV LQ P RVW FDVHYV DGGLWLRQDOSHUI

1 £

/

9/ + &

RUP DQFH UHTXLUHP HQWY DUH P HQWLRQHG

«

)

* IDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) HUP LODE



f1 RWWKH SULP DU\

"6 WDQGDUG 0 RGHQU SK\ VLFV

P RWLYDWLRQ |

, Q JHQHUDO QRW FRP SHWLWLYH Z LWK [/ & |

$t ([ FHSWLRQV

AP LWHG WW VWDWLVWLFV DW / &

UDWH QP LWHG SURFHVVHV H J

RU WKH 9/ + & «

RU SUHFLVLRQ P HDVXUHP HQWV

UDUH WRS GHFD\ V

KXJH WW VWDWLVWLFV DW KDGURQ &ROGHUV

i0l0 —— — —— S
E E WW FURVV VHFWLRQ DW 7 HO
- PP We ey B
LV a WLP HV CDUJHU WKDQ DW 7 HO
1.'[}9 = Fae o =
E o . Eiree -3 £ WW SDLUV SHU \ HDU DW 9 / + &
n i Cmmm=mmm T ]
a -
108 L - . ]
.:D; FE - L.O cross sections 3
Ny - ]
A 1{}? ttse've vbb
= E T =
z = e ]
& I~ __F_,_.,-o-'-'__'_'_'_ | t
i = ]
106 L - | ) &1 & GHFD\V w£#£ =71 O C,u
3 W7 pele)>20 GeV, |yle)|<2.5, gp>20 GeV g
o - - 9
C tT: pyle)>15 Gev, |y(e)l<2.5, Fy>50 GeV, prlb)>50 GeV, ly(b)l<3 1 e Hhe e
105 L A R TR R R T %5 P D\ EH CDUJHU LQ 1 HZ 3K\ VLFV g,Z
[ = ‘
0 50 100 150 200 . o og e A
Vs (TeV) 6 / + & VHQVLWLYLW\ XS WR
5 DGLDWLYH GHF D\ WE E: = b
6 0 %5 a [
/ + & VHQVLWLY LW\ £ .
W

) * LDQRWWL

, QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + D




6 WbQGDUG 0 RGHO + LJJV

/| & DUH EHVWP DFKLQHV I RU SUHFLVH P HDVXUHP HQWV £ SUHFLVLRQ RI + LJJV VHFWRU
S GHWDLGHG XQGHUVWDQGLQJ RI ( : 6 %
RUVW FDVHp P HDVXUHP HQWV \+ww \+mn I SUHFLVLRQ S FDQ WKH 9/ + & GR EHWWHU
® n V WD WLV WLF D O I
\+WWIURP WW+ £ WW : : ; I URP JJ A& + + A
HUURUV RQO n+ "+
£ ww g e * Ho Q £ ~Nuwv Num
0_]5 T T T T T T T | T T T T T T U"lilﬁ_ . - I| -
I |
pp->ttH-=3i+X (800 b t'.ll:im:l 5! pp =L 4
1 { 1 )
300 fb 0.50 | ) H"n Ve = 200 TeV
95% CL limit
Vs =40 TeV = 3 4 imits
0.10 < . Y
E = 025 \ -
ol | | \-.
H‘ﬁ o | 1200 b S T
z e -
:;\ H: It :}ll'l -
0.05 ~As=100 TeV L . j e
Hﬂ% § P ____"‘-\—\__:-
Teel o~ -
e Ws=200TeV . =
/__ =T . %DXU 3CHKQ 5 DLQZ DWHU
L e E KHS SK
DGO_I | | | || L I I I | I I I L ] L I I | —
12 140 160 180 200 B 140 160 180 200
MH (GEV) Iy I:EU.I'I'I}
9/ + & KDV VWDWLVWLFDOSRZ HU WR UHDEFK SUHFLVLRQ >S 7 H9 a S 7 H9 @
Y FKDOHQJH LV WR FRQWUROV\ VWHP DWLFYV 1/ 2 3' ) EDFNJURXQGYV GHWHFWRU WR VDP H HYHO«

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



S FRQWRXUV

6 XSHUV\ P P HWU\
~ 3000
> :
v miss .
o] &0 6 E; + jets :
1 686 < VWDELO] HV P o on
® - E > i
HDV\ DQG | DVWu GLVFRYHU\ DW/ + & 2500 E i
W
"
—~— —— —— et
CDUJH qq,qg,gg FURVV VHFWLRQV E
VSHFWDFXMU VLI QDWXUHV H J P XONMHW (7Y 2000 3 i a0g,
b glacog)
UHDFK » 7 H9 VITXDUNV J XLQR 1
-
E s =14TeV : 1000 o', 2000fb"
@ f u
>
, Q DGGLWLRQ P HDVXUHP HQWV RI P DQ\ VSDUWLFCGH P DVVHYV 1500 §
WR ® | wvw FRQVWUDLQWYV RI XQGHUO LQJ WKHRU\ g
)
e
+ RZHYHU 1000
:
2
§
t/+ & FDQ P LVV SDUWRI 6 8 6 < VSHFWUXP b i
~ ~ WD Q b
gor(Some)q PD\ EH DWOP LWRI / + & UHDFK 500
® 0 500 1000 1500 2000
6 / + & JRHV XS WR » 7 H9
m, (GeV)
+ 0w ~ o~ ~N
X X P DLQO | URP g,q cHrovv ® REVHUYDWLRQ CHVV HDV\ DQG P RUH P RGHO GHSHQGHQW
-
P HDVXUHP HQWV RI P DVVHV FRXSOQJV ® cHwbLHG
J

1 P RUH FRP SCHWH DQG SUHFLVH a A&
UHTXLUH FGHDQHU P DFKLQH

VWUXFWXUH RI QHZ WKHRU\

/| & DUH EHVWP DFKLQHVY WR FRP SOHP HQW / + & REVHUYDWLRQ DQG P HDVXUHP HQWV

» £0

Rl 'a DOVSDUWLFOHYV zZ LWK

) HUP LODE

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) * LDQRWWL , QWHUQDWLRQDO:



KDWFDQ WKH 9/ + & GR | RU 6 8 6 < " "FRP SHOLQJ 4 H[ DP SCHV «

_~

Events/yr [for #=10™ cm™® sec™']

c , QYHUWHG KLHUDUFK\ P RGHO CI RI | LUVW | DP LOLHY KHDY\ P XS WR a 7 HO
II!}!'F—| N L L B B = 108
®/+& /] & REVHUYH RQQO SDUWRI 6 8 6 < VSHFWUXP i 3
2 §\ .
® o/« FDQ REVHUYH KHDY\ VTXDUNYV 10 E E,_.,.”—ED!] TeV Em
LY .
— 1ol = — 106
=y F ]
d /+ & I LOGV * 0 6 % 6 8 6 < — lf.}:i— 310
s o .
1ol = — 104
) O 63856 < EUHDNLQJ VFDMH KLGGHQ VHFWRU B F .
o %o HVVHQJHU VFDOH ° 1072 E T~ H\‘Ra:a: _Emﬂ
) E H“"_L e E )
1073 & “a — 5 10°
6 8 * 5% 0 o0 E i T
30 4 messng gd' . s PR
0 6 % 0 a 7 H9 SRVVLE CH 10 E e —:lt}
lﬂ—ﬁ-l 11 | L 111 I TR B | |A?'-| 1".]":}
o 10 15 =0
T~ O -~
£ 0 6 % LSP° G NLSP: c1® gG QRQ SRLQWLQJ SKRWRQV M (TeV)
"® "G NLQNYV GLYSMFHG YHUWLFHYV LQ WUDENHU
. N 4
Ct- » 100nvn ?lOOGeVl:I e F lﬂ 9/ + & /| XSJUDGH
) FDQ EH P HDVXUHG | URP NLSP e u 8100.]_ VH
e mNLSP u € WR XVHI X0
® WRJIHWKHU Z LWK VSDUWLFGH VSHFWURVFRS\ FDQ FRQVWUDLQ 0 WR » / & RU/ + &
.10 7H9®9/+&FDQREVHUYH*06%OHVVHQJHUILHCIBVF hy F® . = g (7“W

1 HHG JRRG FDORULP HWU\ J UDQXODULW FRP SHQVDWLRQ E WDJ RI KLIK S7 GHQVH MH WV




0 6 60 + LJJV VHFWRU K + $ + P * H9 P$»P+»P+i

SFRQWRXUV GHFD\V WR 6 0 S DUWLF Cd vV
- _Septambar 2001

x50 [T =
E” - , Q WKH JUHHQ UHJLRQ RQO
30 6 0 ONH K REVHUYDEM XQGHVV
+
< s + +*® 686< SDUWLFQHV
al ATLAS + CMS ®/+&FDQPLVV SDUW RI
Sldt= I E
Maximai mixing 0 660 + LJJV VSHFWUXP
10
2] 5'] 1 II 1 " LI
8 i ! ! & DR ]
7 \ i
6 h — SM like 1s + ® MM : .
5 i I E r i
. E 40 = 14 ']'eﬂ.f' —
\ LEP 2000 S '
3 = i -
L i r -
r ¥ . .
- | , —
o a0 a2l Tel¥
2 t.l & L]
i - ’ I P
= N l__.l 1 E ]
. - 4
L
1 | AN 20 !
700 800 900 1000 - .
= q . -
= ¥ 1 Tal _ .-
m, (GeV) _ e T
ju_ |-|_J-:-. - o i -_,—.—I-".'-._'_
3 | & T T 203 Te¥V
5 HIJLRQ Z KHUH KHDY\ + LJJV REVHUYDE H S bpwe/+ & - - N
®JUHHQ UHJLRQ UHGXFHG E\ XS WR * H9 1=l
= 200 400 B00 8OO 1000
5 HILRQ P * H9 zxnun O *H9 [/ & FDQ
M, [GeV)
GHP RQVWUDWH DW & I H[ LYWHQFH RI KHDY\ + LIJV
LQGLUHFWO LH WKURXJK SUHFLVH P HDVXUHP HQWV RI LUHFW REVHUYDWLRQ RI Z KRCH + LJJV
K FRXSQQJV DO RVWI X@ FRYHUHG VSHEwWUxP P D\ uHTxwhn O 3 7 H9 /&
] O U R WWLC , JWHUUDWIR QDU RUNVRRS RQ ] AWXUR ¥ DOURTQ & RULGHUV ] A UFP TWE




6 WURQJ

9/9 VFDWWHULQJ

.1 QR + LJJV H[ SHFW VWURQJ 9 /9,6 VFDWWHULQJ UHVRQDQWRU QRQ UHVRQDQW DW \/g» TeV

/

4 ——

GLI I LF XON «

%HVW QRQ UHVRQDQW FKDQQHOLV

® ® "n"n

/A / : /A /

([ SHFWHG SRWHQWLDOGHSHQGV RQ
H[ DFW P RGHO
/I RW R

LI DWDOOSRVVLE H «

) RUZ DUG MHW WDJ

HVVHQWLDOWRR O/

GDWD QHHGHG WR H[ WUDFW VLI QDO

)

* LDQRWWL , QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ &ROAGHUV

_h_,

S

VLI QDO » 1| E

$ 7/ 8%

o

’v ]

030‘,'.
oo
S5
oy
‘thm

A

vy

7S
2
<2
el
S

L

v.v

o
5

3%
3‘300:0

0% ¢

S H[ FHVV /(f?'/1

KDYH

6 DQG % -
o 200 400
VLP LODU VKDSHYV

) HUP LODE

-

DJDLQVW EDFNJURXQG

6

vw
.(’.
XK
255
25
bo%e%
25
25
fo%s
20.4

&
o
<5

e
RS
R4S
%ol
eve %%
b ve%e%
'

800

(.

%
X\

DQG FHQWUDOMHW YHWR

I E

K-matrix
1 TeV Higgs

7 H9

1600

M, (GeV) —

1800 2000



1 RQ UHVRQDQW : VFDWWHULQJ

e

DWSS P DFKLQHYV YV G/

9/ + &

. 300 b7
an - WOWE ity
: solid: K—matrix
[ dash: 1 TeV SM Higgs boson .
o 30 el
sl /]
20 / :
= I 7 1
20— Ve —
| p ]
[ =g -]
10— - - ¥ —
[ * - _-F ]
B ST ]
I:II- i !_;- i |||| ||| ||||u1u_|_|,|,|_|_|_|_|_‘ [ |||| ||-
10 20 30 50 70 100 200 300
Vs (TeV)

0 D[ LP XP MHW UDS LG LW\ YVQ/

S ! * H9

LR
/g, do/dlyf L4 Tev

R

—m=l0GeY o L 40TV
- m =800 GeV [ 200 TeV

- .

HWDLOHG VWXG\ RI QHZ G\ QDP LFV DO/R SRVVLE H

EHWWHU " DW / & ZLWKC")/! 7 H9
+ RZ HYHU LI VWURQJ ( : 6 % LQYROHV KHDY\
I HUP LRQV H J
® RQO 9/ + & FDQ REVHUYH GLUHFWO WKHVH

SDUWLFCHV LI P 1! 7 H9 XS WR P a 7 H9

< FRYHUDJH

/| + & FDRV

7 HFKQLFRRXU WRS VHHVDZ P RGHO

1 HHG | Z G MHW WDJ XS WR _h_»

1 T 1 | 1 T 1 T T | T T 1 T T H
(¥ [ | | -1.||:|
||
E LL . ] T
10 !E, _ E...=200 Tek 5 10
. 101 ' "_an"c (N =4) + 108
L I | !
=% .
L~ | . L xx (Top seesaw) p
o 10 E ¥ = 10
o, | " &
B 102 |Iﬂ3
1077 k 4 10°
! 1
1074 & Pc T HS % 10!
f WR VDWLVI\ (: GDWD |
"IU r:' i | — - | - | T - | —| L JJ lDD
3 10 15 20
M (TeV)

n
FKDUJH P HDVXUHP HQW XS WR | HZ 7 H9

4 2
10 em™" sec™ ']

Events,/yr [for £



+ RZ RXU YLHZ V FKDQJH Z LWK WLP H «

) URP "5 HSRUWRI + LJK / XP LQRVLW 6 WXG\ * URXS WR WKH

& (51 /RQJ 5DQJH 3MQQLQRJ &RP P LWWHHpu & ( 51

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE




& RP SRVLWHQHVYV

2 =
Lo = aly %(é.v”ei) (f,.97f;)

i,j=L,R ij

c x/g <<L FRQWDFW LQWHUDFWLRQV TT ® 171

MHW HYHQWV H[ SHFW H[ FHVV RI KLIK (7 FHQWUDOO SURGXFHG MH WV
(7 VSHFWUXP VHQVLWLYH WR 4 &' + 2 FRUUHFWLRQV 3' ) FDRULP HWHU QRQ QQHDULW

DQJ XU GLVWULE XWLRQV a LQVHQVLWLYH

E P ! 7 H9 P ! 7 H9
0p) 7 H9 =S 7H9
= - Ug’ | C_l+|cosq*|
o =t 71
= S 1- |cosg* |
| -
- y—
O c
5 S
g S LI FRQWDFW LOWHUDF WLRQV
O 5 ® H[ FHVvY DW®z C
()
Py 7 HO9 I E 7 HO | E 7 H9 | E 7 HO9 I E
L 7no »
nn nonn ~
/ & VHQVLWLYH WR TT FRP SCHP HQWDU\ XS WR » 7ne Q 7 HO9

1 HHG FDORULP HWHU OGQHDULW FRP SHQVDWLRQ « Il YRXU GHSHQGHQFH RI

FRP SRVLWHQHVY DW YHU\ KLJK S,

, I HYLGHQFH I RU FRP SRVIWHQHVY DW/ + & 6 / + & | LUVW/ & ® 9/ + & FDQ SUREH GLUHFWO VFDO L




S 3
d \/g L SURGXFWLRQ RI H[ FIWHG TXDUNV H[ SHF WHG q

g g~
*—
® Z RXGG JLYH FRQFOXVLYH HYLGHQFH I RU FRP SRVLWHQHVYV g T T g

~f5& ~fsgs
' LWVFRYHU\ UHDFK I RU T ® MM DW SS P DFKLQHYV L L
f VLP LODU UHVXONV | RU T £ T T= Tg
/& UHDEK P a O T, a CRZ HU P DVV UHDFK

/I & UHDFK P a Q/

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



GT » P T ® VP DOFRQVWDQW WHUP RI MH W UH VR OX WLR H

b
= JEAEAC

FUXFLDOWR REVHUYH "QDUURZ p SHDNYV

6 LJQDOVLI QLI LFDQFH I RU I E

1 HHG JRRG MHWHQHUJ\ UHVRXWLRQ LH VP DOFRQVWDQW WHUP LH JRRG FRP SHQVDWLRQ «

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



)

*

LD Q R WwL

QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ &ROAGHUV

) HUP LODE




Ss & SURGXF WLRQ UDWH
7 H9 VL H

6 0 JDXJH I LHOGGV UHVRQDQFHYV

GHFD\ LQJ LQWR

HW  ( 7“VV VHDUF K

S ss & * £ HH I1E

19/ + & UHDFK | RU UHVRQDQFHYV
P a 7 H9

1/ & UHDFK P a O/ EXWP RUH SUHFLVH
P HDVXUHP HQWV RI UHVRQDQFH

SDUDP HWHUV H J Il URP UHVRQDQFH VFDQ

*» £ HH UHVRQDQFHYV

1 HHG JRRG FDORULP HWU\ MH WV (7

"
S UHVRO(WLRQ£ XS WR a 7 H9
GURQ &ROIGHUV ) HUP LODE




6 XP P DU\

R I

UHDFK DQG FRP SDULVRQ RI

YDULRXYV P DFKLQHYV

2 QO D IHZ H[DP SCHV «
,Q P DQ\ FDVHV QXP EHUV DUH MXVW LQGLFDWLRQV «
8 QLWVY DUH 7 H9 H[ FHSW: UHDF K
y/ GW FRUUHVSRQG WR \HDU RI UXQQLQJ DWQRP LQDOXP LQRVLW 1| RU H[ SHULP HQW
352 &( 6 6 I+ & 6/ + & 9/ + & 9/ + & | & I &
7 H9 7 H9 7 H9 7 H9 7 H9 7 H9 7 H9
I E | I E I E = I E | E
6 TXDUNYV
o S S S S S S S
([ wup cp d
.
L FrPp srRvIWHOQHVYV
LQGLUHFW UHDFK | URP SUHFLVLRQ P HDVXUHP HQWV
$ SSUR[ LP DWH P DVV UHDFK RI SS P DFKLQHV
n SUREHV GLUHF WO
Q/ H9 / I+ & XS WR » 7 H9
22 XS WR a 7 HO
Q/ H9 / 6/ + & XS WR » 7 HO SUREHV LQGLUHF WO
2 Z LWK X ONLP D WH
@ Ho9 / XS WR » 7 H9 XS WR a 7 H9
. X P LQRVLW
@ Ho9 / 9/ + & XS WR » 7 H9 Z LWK X ONLP DWH
@ 7 H9 9/ + & , . XS WR » 7 H9 X P LQRVLW

) * LDQRWWL

., QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

) HUP LODE




, I P a *H9®1HZSK\VLFVDWL *H9

+

® D9/ + & FDQ SUREH GLUHFWO OWUJH SDUWRI WKLV UDQJH

QRW DORZ HG

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



(

[ DP SAHV RI SRVVLEOM FRP SHOLQJ VFHQDULRY | RUD 9/ + & HP HUJLQJ

| URP /| + & GDWD « «

/ + & 1 LQGV

KLHUDUFK\

®9/+&

z

/ + & 1 LQGV

®9/+&

/I + & 1 LQGV

®9/+&

/ + & 1 LQGYV

®9/+&

/ + & 1 LQGV

®9/+&

4

VRP H 6 8 6 < SDUWLFGHVY EXW QR VTXDUNV RI | LUVW WZ R JHQHUDWLRQV

P RGHOO

RXOG REVHUYH KHDYLHVW SDUW RI WKH VSHFWUXP

*0 6 % 6 8 6 < ZLWK 0 HVVHQJHU VFDO 0 7 HO

RXOG SUREH GLUHFWO VFDM 0 DQG REVHUYH 0 HVVHQJHU | LHGGV

DV LQ LQYHUWHG

FRQWDFW LQWHUDF WLRQV ® L 7 HO

RXMG SUREH GLUHFwO VvFbpai L DQG REVHUYH HJ T

$ ' ' ([ WUD GLP HQVLRQV®O , £ 7 HO

RXOs SUREH GLUHFWO JUDYLW VFDCH 0 ., DQG DERYH HJ REVHUYH EMFN KRGV
KLQWV RI VWURQJ ( : 6 %

RXOG VHH D FHDU VLI QDODQG FRXOG REVHUYH P DVVLYH SDUWLFOHY DVVRFLDWHG Z LWK

QHZ G\ QDP LFV

)

* LD QR WWL

, QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCOIGHUV ) HUP LIDE



& RQF X VLRQV

t /' + & DONKRXJK SRZ HUI XO Z LOQRWEH DEOH WR DQVZ HU

DAORXWVYWDQGLQJ TXHVWLRQV DQG QHZ KLIK HQHUJ\ OP LQRVLW

P DFKLQH V Z LOOP RVW GNHO EH QHHGHG

1/ HSWRQ & ROOGHUY DUH EHVWP DFKLQH WR FRP SCHP HQW WKH / + & LQ P RVW FDVHYV

EXWWKHLU GLUHFW GLVFRYHU\ UHDFK LV "GP LWHGMH WR WKH 7 H9 UDQJH

1 7KH 9/ + & LV WKH RQO P DFKLQH WKDW LQ SULQFLSMH Z H NQRZ KRZ WR EXLOG DE O WR

SUREH GLUHFWO WKH 7 H9 HQHUJ\ UDQJH

P YHFDXVH Z H LJQRUH Z KDWKDSSHQV DWWKH 7 H9 VFDOMH DQG LQ WKH DEVHQFH RI WKHRUHWLFDO
SUHI HUHQFH I RU D VSHFL LF VFDMH EH\RQG WKH 7 H9 UHJLRQ WKH 9/ + & SK\VLFV FDVH LV CHVV

FHDU WRGD\ WKDQ WKDWRI D/ &

1 + RZHYHU LWLV AONHO WKDWDWVRP H SRLQW Z H Z LOOZ DQW WR H[ SORUH WKH 7 H9 UDQJH
, Q SDUWLFXODU VWURQJ DUJXP HQWY P D\ HP HUJH DQWHDG\ | URP [/ + & GDWD

A LWLV QRW WRR HDUO WR VWDUW WKLQNLQJ DERXWVXFK D P DFKLQH « SMQQLQJI 5 ! H WF

)

* LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &ROGHUV ) HUP LODE



) URP ( ) HUP L SUHSDUDWRU\ QRWHV I RU D WD RQ KDWFDQ ZH HDUQ Z LWK + LIJK ( QHUJ\
$ FFHOHUDWRUYV " p JLYHQ WR WKH $ P HULFDQ 3K\ VLFDOG6 RFLHW 1 < - DQ WK
8 QLYHUVIW\ Rl & KLFDJR / LEUDU\
9/ 4 &
) HUP L.V H[ WUDSROOWLRQ WR \ HDU
7 P DJQHWV 5 P P DFKLQH
( [ 7 HO FRVW %
EHDP i 7H9 o a -

)

* LD QR WWL

, QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH




%DFN XS VAGHYV

)

* LD QR WWL

., QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ &ROOAGHUV ) HUP LODE



)

*

LD Q R WWL

QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

)

HUP LODE



)

*

LD Q R WWL

QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

)

HUP LODE



)

*

LD Q R WWL

QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

)

HUP LODE



)

*

LD Q R WWL

QWHUQDWLRQDO:

RUNVKRS RQ ) XWXUH + DGURQ & ROAGHUYV

)

HUP LODE



+ LJJV FRXSAQJV WR | HUP LRQV DQG ERVRQV DW6 / + &

& RXSOAQAQJV FDQ EH REWDLQHG | URP P HDVXUHG UDWH LQ D JLYHQ SURGXFWLRQ FKDQQHO

Ry =cLdt- s (e'€,pp® H+X) - BR(H® ff) BR(H®ff):Cf; o

ot

GHGXFH Ga J

| + 11

® Z LWKRXW WKHRU\ LQSXWVY P HDVXUH

G,.,pec S FpQFHO ® VHYHUDOWKHRU\ FRQVWUDLQWY
qgqH® qqWWwW
& RVHG V\ P EROV tH® ttge qqH® qqtt
e - ttH® ttbb
2 SHQ VI\P EROV
H® gc 51 v a e
H® ZZ H® WW
H® ZZ WH® g +x WH® WWW
H® gg H® WW
6 / + & FRXOG LP SURYH / + & SUHFLVLRQ E\ XS WR a EHI RUH | LUVW/ & EHFRP HV RSHUDWLRQDO

1 RWFRP SHWLWLYH Z LWK / & SUHFLVLRQ RI »

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



5 DUH + LJJV GHFD\V DWG6 / + &

%5 a ERWK FKDQQHO
& KDQQHO P, 60/0/+& 60/0 6/ + &
| E | E
— DGGLWLRQDOFRXSOQJ
+ ® = g® g a *HO9 a a
—p [ P HDVXUHP HQWV
+ ® mm * H9 a JJ 9 %) a JJ G
H J (;h] WR a
+ LJJV VHAQ FRXSAQJV DW&6 / + & "
«— . |v
P Y
+
f+ea S ss ® 4+« - * HQ
VP DOO%5 | RU FOHDQ | LQDOVWDWH YV ® QR VHQVLWLY LW\
I E 6 6 % 6 O/o
n+4 "+
6/ + & ++ ® ® "*nu "*Num
VWX G LH G YHU\ SUHOP LQDU\
P, * H9
P * H9

% "6
% FDQ EH P HDVXUHG Z LWK G DWD 0 &

% V\ VWHP DWLFV % VWDWLVWLFDOXQFHUWDLQW

I XOO | XQFWLRQDOGHWHFWRU H J E WDJJLQJ

1 RWFRP SHWLWLYH Z LWK / & SUHFLVLRQ XS WR

FRQWUROVDP SOV

+

4

REVHUYHG |

+ SURGXFWLRQ P D\ EH

RU I LUVW WLP H DW 6 / + &
P D\ EH P HDVXUHG

LWK VWDW HUURU a




6 / + &

GHJUDGDWLRQ RI I Z G MHW WDJ DQG FHQWUDOMHW YHWR GXH WR KXJH SLOH XS

KRZ HYHU I DFWRU a LQ VWDWLVWLFV® SH[FHVV LQ VFDWWHULQJ

/

® RWKHU RZ UDWH FKDQQHO/ DFFHVVLE CH

) DNH I Z G MHW WDJ _h_! SURE DE LW

Il URP SLOH XS SUHQP LQDU\

n
6 FDAOU UHVRQDQFH = = ®
$ 7/ $%$6 | XCOOVLP X@DWLRQ

N
[

D signal

Yy

GeV
N
=

20
S/N
o1 O

qaZZ (SM)

Events
H
ol

VLI QDO

[E
N
(63}

QRWREVHUYDE

=
o

DW/ + &

N
g o,

D3 2.5
00 600 700 800 900 100011001200
M|||| (GGV)
6 WXG\ RI VHYHUDOFKDQQHO : : = = : = P D\ EH SRVVLEO DW®6 / + &

/ / / / / /

® LOQVLI KW LQWR WKH XQGHUO LQJ G\ QDP LFV

) * LDQRWWL , QWHUQDWLRQDO: RUNVKRS RQ ) XWXUH + DGURQ &RCAGHUV ) HUP LODE



