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Minimal Supergravity Model (mSUGRA)

B Visible-Hidden sectors interact with each other via gravity 130
. : 120
B Weak scale model constructed via RGE evolution, -
assuming: 100 ==
: : : soof % .-:."3:‘-‘-: === -'-'ﬁ:'_:',-#"'
& Universality of the soft breaking parameters at GUT = ; W, ko _p27
(~ 1016 GeV) o, -"':}:;‘2;/
o L e
. . Tg"’" / ‘h“ M
¢ diagonal form of Yukawa matrices and E i P o
o S 500 ’ -____.2---'33'
trilinear parameters E 40 _____...,fi-r--"‘"‘”' o
rFor ="M
#® gauge couplings unification - J e
200f ww==r i
B /ndependent parameters left: 100 4 >
) . 0 L 3
mg, my/»— universal scalar and gaugino masses B : | m, = 1000 GeV
sign(u), ,uz value is fixed by the minimization condition for = I' ' m,, = 500 GeV
. - I — —
Higgs potential sk H =0, LR =00
55 g 5o -40 ¢ n>0,m=175GeV
A - the Initial value of trilinear soft parameter . 4
B - parameter — usually expressed via tan [3 60 '
-70

i o o @ 0" w® w0 "'
. - Q(GeV)
B Flavor and CP problem can be addressed, Lightest neutralino is the perfect DM candidate

B /s it too simple to be true?
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Neutralino relic density in mSUGRA

» most of the parameter space is ruled out! Qh? > 1

special regions with high O A are required to get 0.094 < Qh? < 0.129

)2\ . Baer, Belyaev, Balazs '02
A RN R R R IR ISR R
e tanf=30,u>0

Qh’< 0.094 N
® 0.094< Qh’< 0.129
® 0.129< Qh’< 1.

Pl

stau is LSP

mixed neutralino,
low u, importance of
higgsino-wino
component

NO REWSB

1.5 25 3

m, (Te V)
1. bulk region: light sfermions

35 4 4.5

X v
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Neutralino relic density in mSUGRA

» most of the parameter space is ruled out! Qh? > 1
special regions with high O A are required to get 0.094 < Qh? < 0.129

)2\ - Baer, Belyaev, Balazs '02
7 eI L L T ]

tan[3=55,p>d :

| Qh’< 0.094
® 0.094< Qh*< 0.129
® 0.129< QOh*< 1.

Pl

<

stau /s LSP

3. focus point:
mixed neutralino,
low u, importance of
higgsino-wino

4. funnel: (large tang) 400 component

annihilation via A, H 20

additional regions:
Z/h annihilation

05 1 1.5 25 3 35 4 45 5

X : 7 ! m, ( TeV) stop coannihilation
1
X , f 1. bulk region: light sfermions
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mSUGRA: dark matter favored regions

1600 Q tan[3=55 u>0 7
1400 ZI) | Qh’< 0.094 __
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mSUGRA dark matter favored regions

tanp=52,1>0
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mSUGRA dark matter favored regions
tanp=45,1>0 -

QR’< 0.094
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MSUGRA: dark matter favored reglons

| I
1600 a tan[3=30 H>0 B
1400 Z.) Qh*< 0.094 i
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mSUGRA dark matter favored regions

tanf=10,u>0
| ® 0.094- QK< 0.129
1200 B ® 0.129< QK< 1.
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Collider signatures in DM allowed regions

=» DM allowed regions are difficult for the observation at the colliders:
stau(stop) co-annihilation , FP region: small visible energy release

mSugra with tanB = 55, A,= 0,11 > 0 . pr OdUCt’O'lq decay
1600 s Gh 0.129 1) w- X ~0
. LEP2excluded -l X7 X1
1400 -=-Baer; Belyaev Krupovmckas '03 u Xi ~W,H 9
. TEV: 3/4+ KT + jets ;
1200 Be Ve
S @ %
® 1000 - N = >0
e “Rir M e
Eg 300 LHC ILC 27_"— ET Z,h,H,A\
T Vol &
e
600 V.2 Xi ~0
~— X
© - >/vv\< X 1
e X “WH= € q
400 L \
ILC: + Er + jet
200 0.\200000 —«—Q . Ve
0 1000%72" 3000 3000 4000 5000 o 19 - M
m, (GeV) gem——(g Uy
0 . ;
) LHC: jets + {+ it
LHC and ILC are highly complementary! X;
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Why FP region is attractive?

®» small value of [u/-parameter: mixed higgsino-bino LSP
®» Light mass spectum of chargino and neutralinos
= Jow value of [u/-parameter was advocated as “fine-tuning” measure
Chan, Chattopadhyay,Nath '97; Feng, Matchev, Moroi '99; Baer, Chen,Paige, Tata '95
» DM motivated mSUGRA region with 'natural’ neutralino mass ~100 GeV !
®» ILC connection: the signal observation at the LHC is crucial for the fate of ILC

5
S\ 'J_: :__II T T I | FT | I T T f ST 3 I_E 4.5
o 1990 A 2 1800 o o < 150 GeV E| P
& 1600 | 1600 | M | b .
>~ 1400 8 1400 = =1 b4 0.1 rl-c\f < mp < b lc\
o 1200 - 1200 - —- o~ 01 TeV <mypp <2 TeV
~ 1000 - 1000 —;—5-5 E 1.1 < tan < 60
600 ~ 800 © 75 & —3TeV<dA<3Tev
600 -2 600 = E 1 with mye, = 1714 GeV, >0
900 i L% 400 Lt :
208 :IIL |l'|"‘T.':.“|'_'|'|'1m|ﬂ|wf"||||"||-_z 203 S |]"|“T‘T‘1‘F'T|-’|1"||—:
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m, (TeV) m, (TeV)
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Recent Studies in FP region

Signal Rates ] .
Cuts C2 for ”|eps‘"2 & Cuts C3 ﬂlepﬁ..}:E '1; = 1200 Gel

100 T . T .
l‘nint Mo e jo .U_;, tf.-'”ﬂ.f.“l'f_ﬁ, [\_,} o1 | E‘,}‘ff““ > (100 GE.‘\-:{]_QJ.-LL”)
FPO [ 2300 200 591 LEP2 exel. 0.2 L atiets] 5 4
FP1 | 2450 225 655 LEP2excl. 0.4 \ Er(j1,72,73,j4) > 100, 50,50,50 GeV
FP2 | 2550 250 717 +10% 0.6 i op 5 B )
FP3 | 2700 300 838 +8% 1.1 | Y P e S N .
bpd 010 356 6 Loet ¥ R I ST e R A R
FP5 | 3050 400 1076 +8% 2.9 © |
FP6 | 3410 500 1310 +8%, 5.1 :

FP7 | 3755 600 1540 — 8.1 o Baer,Barger, 1
FP& | 4100 700 1766 — 11.8 ~| Shaughnessy,Summy,
FP9 | 4716 900 2211 — 20.7 Wang
500 I lt]lDG I 15|D!] I 2000
m, (GeV)
Eg “excl. LSP tan B = 50 ,
no EWSB B 95 % C.L. g

400

200
4 Bednyakov, Budagov,
DeBoer, Sander, Zhukov, Gladyshev, Kazakov,
Gladyshev, Kazakov 2 Khoriauli, Khubua,

Khramov
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Motivations for these FP analysis

®» to study the LHC reach in the 'far’ FP region dominated by
EW chargino-neutralino production - requires special cuts/analysis

= the signal observation in the 'far' FP region could be crucial for the fate of ILC

3500,600] GeV | [4670,975] GeV
Particle Mass(GeV) Mass(GeV)

Z 239.12 403.54
Zy 317.22 485.37
Zs 324.92 486.23
Zi 528.59 841.62
Wit 315.53 488.41
Wy 517.21 832.74

q 1531.37 2365.94
i, 3653.71 4976.93

h 120.80 122.14
HY 3033.45 4085.70
A 3013.62 4058.99
H* 3034.72 4086.65

.-
400 &,

mSugra with tanf = 30, A, =0, u >0

Lo QH<0.129
LEP2 excludeél

____________________

0 1000

2000 3000 4000 5000

m, (GeV)

6000 7000 8000
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Relative contributions of SUSY subprocesses (before cuts)

Produced sparticles

3500,600] GeV
Fraction of SUSY events(%)

[4670,975] GeV

Fraction of SUSY events(%)

W, + W, 16.42 15.78
Wo + Ws 5.88 4.46
Wi + Ws 0.68 0.22
7y + Wy 8.48 R.66
Z1 + W 0.02 0.04
Zo + Wy 21.36 25.88
Zs + Wo 0.56 0.20
Zs + Wiy 20.10 22.48
Zs + W 0.56 0.16
74 + Wo 10.34 6.98
24 + Hl 0.46 0.26
75 LTy 0.02 0.02
Zl = o Zg <0.02 4.46
Zi 47 3.72 <0.02
Zo + Za 8.72 10.20
Zo + Za <0.02 0.04
T oo 0.34 0.02

J+ g 2.12 0.06
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Simulations

» ATLFAST
An x A¢p = 0.025 x 0.025
—25 < < 25

* Leptons
0.1/VE(GeV) & 0.007
An x Ap = 0.1 x 0.1
—2.5 < n < 2.5
e Jets 0.5/1/E(GeV )®0.03

AR =04

ET :-"-’ (:IEX\«*

Er =20 GeV
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Signal and Backgrounds

® signature 10+ jets+ Er
® signal  [mo.my 5] = [3500,600] —»  ~ 240 fb
» it background —  20.7 pb

» W+jets background 366 pb
o 5 >20 GeV. ph > 10 GeV
o pi > 40 GeV within |n| < 3.0 [mg,m; 5] Osignal opa’
o Number of jets to be > 4 (GeV) (fh) (fh)
o Number of leptons = 1 —» | [3500,600] || 0.4440.03 || 1.7+0.3
o Hp > 400 GeV [4000,700] [ 0.1840.02 | 1.740.3
o pyt >500 GeV W+jets is dominant:
o p? >300 GeV PYTHIA W+jets underestimates BG by factor>3
o Ad( pg;p’ Br) > 20° as compared to

Madgraph W+4jets which is used in our study
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Improved strategy: softer preselection + new kinematical cuts

5
w. 107F e
Cut Set 3 The pre-selection cuts = " if“hr
: lep ; 7 o - pih
o € le nuth ) o —— Wejets
One lepton with p~ > 20 Gel S 10 q JL g
o At least four jets with pi-{ > 20 GeV % : |
P !
S 0y Jp - ; - |
o A leading jet with p' = 40 Gel g 10 3t_ | s
o I > 200 GeV. N i L
- . F :
o M = V(X E)* - (Z5)%) > 60 GeVg 2] -
0 3 -
Cut Set 4 The analysis cuts Ll:j 'f
Py FJ;'llf]'t_:i’.?f(mz-zx)
® transverse mass of the lepton 1 == T =
and MISSING ENETGY. 0 100 200 300 400 500
e e M. (GeV
My = \/ngﬁp Pr(1 — cosd(Er.pe?))) 1 (GeV)
o R=pl/|S Fra| My = ~/2pr(l) £r(1 — coso(fr,pr(l)))
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Improved strategy: softer preselection + new kinematical cuts
10 7.

— SUSY
Cut Set 3 The pre-selection cuts i

® OUne lepton with péfp > 20 GeV

o At least four jets with pi-{ > 20 GeV
e A leading jet with piil > 40 GeV

® [/ =200 GeV.

o Mj; =/ (X Ei)* — (X pi)?) > 60 GeV

Cut Set 4 The analysis cuts

- — W+jets

Events/100fb

o i\'r 1 E T
Eep (max)
o p T

® transverse mass of the lepton
and missing enerqy.

Mr = /2l Br(1 = coso(Er 7))

E Pril
i

3 4 | 5
PTJEF{” / p:vecPTﬂH/

R =pr(jet(1)/ >, pr.l

® R=py/
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Further analysis of kinermatical variables and correlations

; 5 USY| 3

T T T[T T T T TT 77
M
IIIIJ ' ' T[T 1]
M
R 2 5 1 9 )

0 100 200 300 0 100 200 300 0 100 200 300
P ep(GeV) P lep(GeV) Pler(GeV)
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Further analysis of kinermatical variables and correlations

< 500 < 500 — 500
O - O = ;
D 400 — SUSY Q 400 — i | 3 400l W+jets
N
= 300 S 300 - = 300 -
200 — 200 |~
hatF - "0 s
R - A M R o LA
0 1 2 3 45 0 1 2 3 4 5
R R
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Significance optimization

20 ¢
S 24Ff S U
S, S 18} }
1] 2.2 o . {
Q : E E { ; Qo 16 {
s 20 S 14f
S5 18F S f
S D 12¢ t
Uj . L 10'_
1.4 -
8r
1.2 B 6__ [}
1t -
4r
0.8 B [ ™
2r"*
0.6 ¢ | | | | 0 - | | | | | |
0.5 1 1.5 2 25 3 35 50 75 100125150175200

R M. (GeV)

For SUSY datapoint [mg,m; 2]=[3500,600] GeV produced in ISAJET v7.72, the statisti-
cal significance of the signal observation is shown as a function of the cut values for 1) maximum R
(with preselection cuts only), 11) maximum My (for preselection cuts only). The arrows represent
the chosen cut values.
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Significance optimization

preliminary

o N, >4
o Zr > 200 GeV All cuts | No eut on p‘fjfp No cut on M7 | No cut on R
ep . : [3500,600] 268 289 689 294
o pr <200 Gel P 11 15 53905 16
o My >160 GeV | Wjets 195 250 2.2 x 10° 1100
S/vB 18.7 16.5 1.3 3.8
e Hp <15
Point-dependent optimized sets of cuts
Cut Set || N, Er prF My R | Wjets | tf
5 =>4 | =200 GeV | <200 GeV | =160 GeV | < 1.5 25 11
§ =>4 | =200 GeV | <200 GeV | =160 GeV | < 1.2 19 8
7 >4 | =220 GeV | <200 GeV | = 160 GeV | < 1.2 18 6
8 >4 | =240 GeV | <200 GeV | =160 GeV | < 1.5 18 5
9 >4 | =240 GeV | <200 GeV | = 160 GeV | < 1.2 14 4
10 >4 | =250 GeV | <200 GeV | =160 GeV | < 1.5 15 4
11 >4 | =250 GeV | <200 GeV | = 160 GeV | < 1.2 11 3
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Signal and background efficiencies P

Pre-cuts p'gep < 200 GeV | My =160 | R < 1.5 GeV | All cuts
3500,600] 2.65 07.01 30,21 01.14 (.92
vT7.72
14000, 700)] 1.19 04.39 34.41 03.93 (.36
v7.72
tt 0.075 05.13 0.027 66.67 1.3x10~°
W4jets 0.09 85.01 0.27 20.0 4.0x1075
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Pararmeter Scan

preliminary

mo 1 /9 o S S/\VS+B
(GeV) | (GeV) | (tb) | (events)

1 3500 GO0 | 292.3 2068 12.3
2 | 3900 725 125.1 151 8.0
3 | 4000 700 | 398.2 130 7.7
4 | 4000 750 161.7 131 7.
5 | 4060 730 | 297.9 101 6.4
G | 4060 7G5 165.3 08 6.1
7 | 4065 720 | 468.3 95 6.6
8 | 4120 785 144.8 88 6.2
9 | 4130 730 | 456.2 96 6.2
10 | 4150 765 | 245.8 63 4.6
11 | 4150 800 117.0 08 6.1
12 | 4200 775 | 257.5 87 6.1
13 | 4200 810 118.1 97 6.1
14 | 4250 785 | 267.6 7. 5.3
15 | 4250 825 123.4 83 5.5
16 | 4250 840 92.5 95 5.5
17 | 4325 820 158.5 67 5.0
18 | 4325 845 121.1 64 4.8
19 | 4325 870 77.0 81 5.3
20 | 4400 825 | 229.4 G0 4.2
21 | 4400 860 134.3 59 4.1
22 | 4400 890 68.7 7 5.0
23 | 4450 875 110.9 56 3.9
24 | 4450 900 78.4 55 4.2

m my o T S S/VS+ B
(GeV) | (GeV) [ (tb) | (events)
25 | 4500 860 | 229.0 52 3.7
26 | 4500 900 100.9 47 3.7
27 | 4500 025 63.0 61 4.1
28 | 4550 880 195.0 46 3.6
20 | 4550 025 75.4 52 4.0
30 | 4610 900 186.2 44 3.4
31| 4610 950 6G5.8 46 3.6
32 | 4670 880 | 665.0 h3 4.0
33 | 4670 930 126.1 37 3.0
34 | 4670 975 45.4 50 3.9
35 | 4750 935 | 211.7 34 2.5
3G | 4750 970 80.4 36 2.9
37 | 4750 1000 | 51.6 39 3.2
38 | 4830 1020 | 55.5 31 2.5
39 | 4850 935 | 532.7 31 2.6
40 | 4850 970 176.1 28 2.3
41 | 4850 1000 | 90.6 27 2.2
42 | 4850 1050 | 40.2 34 2.7
43 | 4950 1000 | 157.¢ 25 2.1
44 | 4950 1050 | 61.0 22 2.1
45 | 4975 1030 | 109.4 20 1.9
4G | 5000 1030 | 96.3 22 2.1
47 | 5000 1050 71.6 22 2.1
48 | 5000 1080 | 36.0 31 2.5
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Relative contributions of SUSY subprocesses (before/after cuts)

Produced sparticles

3500,600] GeV
Fraction of SUSY events(%)

[4670,975] GeV

Fraction of SUSY events(%)

W, + W, 16.42 15.78
Wo + Ws 5.88 4.46
Wi + Ws 0.68 0.22
7y + Wy 8.48 R.66
Z1 + W 0.02 0.04
Zo + Wy 21.36 25.88
Zs + Wo 0.56 0.20
Zs + Wiy 20.10 22.48
Zs + W 0.56 0.16
74 + Wo 10.34 6.98
24 + Hl 0.46 0.26
75 LTy 0.02 0.02
Zl = o Zg <0.02 4.46
Zi 47 3.72 <0.02
Zo + Za 8.72 10.20
Zo + Za <0.02 0.04
T oo 0.34 0.02

J+ g 2.12 0.06
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Relative contributions of SUSY subprocesses (before/after cuts)

3500,600] GeV [4670,975] GeV
Selected sparticles | Fraction of SUSY events(%) | Fraction of SUSY events(%)

Wy, + W 8.25 12.60
Wy + Wy 13.59 19.60
Wy + W < 0.49 0.35
Z1 + W 1 2.43 4.90
Z1 + Wo < 0.49 < 0.35
Zy + Wy 6.31 14.00
Zoy + Wy < 0.49 0.30
Zq + W, 77T 12.90
Zq + Wy 0.97 0.35
Zy + W 26.21 31.50
Z4 + W7 1.94 0.70
71+ 74 < 0.49 < 0.35
71+ Zs < 0.49 < 0.35
71+ Zg 0.49 <0.35
Zo + Zg 0.49 0.70
Zo + Z4 < 0.49 0.35
Ja + Zg < 0.49 < 0.35

g+ g 29.61 1.40
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Extended LHC reach

mSugra with tan} = 30, A, = O u>0
o an’d0129 | |
LEPJ::‘ eurr:f'm‘.fer::}t

1600

1400

400

200

0 1000 2000 3000 4000 5000 6000 7000 8000

m, (GeV)
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Extended LHC reach preliminary

mSugra with tan} = 30, A, = 0 u> 0

Qn’ ci 0.129 |
LE P;-? excluded

1600

1400

400

0 1000 2000 3000 4000 5000 6000 7000 8000

m, (GeV)
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Conclusions

® Focus Point region can be explored up to about
2.4 TeV in terms of gluino mass with new analysis!

® In this region signal is dominated by EW chargino-neutralino
production (with the mass of ~400-500 GeV)

» Transverse electron-missing E_mass cut is crucial

for Wjj background suppression and extending LHC FP reach

®» PYTHIA Wjj process considerably underestimates the Wjj
background — Madgraph, Alpgen packages should be used

®» Advanced techniques can be used (NN, decision trees, ...) to

extend further LHC reach in the FP region — could be crucial
for the fate of the ILC — work in progress
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Analysis of kinematical variables and correlations

Events/20 GeV/100fb™”

e
e

.

-

TThar
W+ jets

0

100

200

300

M. (GeV)

T — \/QPT [) E7r(1 — coso(Ep,pp(l

Events/100fb™”

—een [ Thar
— WHjets

R = pr(jet

5
P Jet(1)|SP_all

/‘Zz‘ﬁi’“,i‘
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Analysis of kinematical variables and correlations

L

>~ =g
L .

W

AR

Wy

WY
Wiy

n < ™ N

S O O O O
AT S T =

,.G400L/S3UBAT

S
A

34 5 6 7 8 9101112

1

200

0

15
Pler (GeV)

100

50

,-9400L/A39 0L/S3UdAT

jets

32
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— Sigmal we=  SM backgrounds w7y — bb+cc backgraund

2000 p= Fidar’] i )
A~ |ILC FP/HB stud
jmg - -’{f W, s u
s a e Baer, Belyaev M, T340, VAR, slgnip))
e i ~ R SRR (4625 GeV,885 GeV,0,30,1)
= 730 y 1| Krupovnickas,
sl o 1 arameter value (GeV)
250 |- et Tata :
0 el | 1 L - 1 1 1 1
0 30 168 130 200 250 300 350 400 430 J00 M2 7058
My 372.2
n 185.9
£ ms 2182.7
3 ma, 4893.9
me 4656.1
50 Mg 743.5
- j: mz. 181.6
: 20 mz_ 196.2
. mz. 377.3
[ ] 10 13 20 23 30 33 40 mf ?600
myli) (Gel’) 4
cuts case 1 ISAJET BG  ~~ — cé, bb lvqq’ L 3998.3
n, E, AR 16.2  897.1 (483) 9.2 (6.2) 448 (712) | ™n 122.0
Qs h? 0.0104
20 < Ey;s < 100 14.4 12.6 (3.5) 5.4 (4.9) 0.16 (0.08) | $z, -
o —4
cos p(jj) > —0.6 135 0.34 (0.2) 13 LAY 0.04 (0.02) | BF(b— sv) 3.34 x 10
) —10
m(€j) > 5 GeV 129  0.17 (0.1) 0.8 (0.8)  0.04 (0.02) | Aau 0.6 x 1077 _
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Complementarity of Direct and Indirect DM search

Baer, Belyaev, Krupovnikas, O'Farrill '04

=® DM direct detection: - mSUGRA, A =0, tan=55, u>0
neutralino scattering off nuclei
2 2 1400
¥ f X
Crossing 1200 ¥
— =~ s
symmetry ¢ 1000
X f o L €800
_ |
Annihilation Scattering .
Isared code Isares code
Stage 1: CDMS1, Edelweiss, Zeplin1 0 W
Stage 2: CDMS2, CRESST2, Zeplin2 200 y no REWSB
Stage 3: SuperCDMS, Zeplin4, WARP
= DM indirect detection: ’ R A (C- e
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FP/HB Region

HB/FP region for my /o = 225 GeV, tan 3 = 30, Ay = 0, u > 0: /s = 500 GeV

a) mSugrawith m,, = 225 GeV, tanp =30, A, =0, u>0 b)  mSugra with m,, = 225 GeV, tanp = 30, A; = 0, u > 0
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