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HEH ATLAS measurement [arXiv:1406.3827]
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LHC SUSY searches
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LHC SUSY searches

Atom, Scorpion

Higgs sector and (g-2),
FeynHiggs, Higgssignals, Higgsbounds
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GUT inspired MOdels
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GUT inspired |V|Ode|S

* =—— —— CMSSM: best fit, 10, 20

35000 | HC14 300/fb

<+«—— shaped by DM, Jet + MET, m;,

0 ) ) ) ) )
0 1900 2000 3000 4000 5000 6000
m,[GeV]

LHC runi Jet+MET

I stau coan. (2 _1> < o015
B hybrid
- A/H funnel |f—;—2 <04

focus point <L> ~1<03

m .~
X:t

.| chargino coan. (m; —1) <01

X1




[GeV]

GUT inspired |V|Ode|S
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GUT inspired MOdels
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GUT inspired MOdels
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GUT inspired MOdels
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phenomenological M SS M

PMSSM-19
My, My, M5 } 3 gaugino
masses
Mgy 59 Mgy
. N \
mul 29 mu37 .
- - 10 sfermion
di22 s> ) masses
mgl 2,mg3, )
me, 5, még?

Ay, Ag, Ay } 3 A-terms
ma, W, tan 6 } 3 others

phenomenological approach

® MSSM has >120 parameters but
most are off-diagonal entries of m ¢, Ay

and CP phases. = set them zero

e FCNC constraints (1-2 gen.)

— my =my,

v

left with 19 parameters

= pMSSM-19




pMSSM-10

PMSSM-19 PMSSM global fit
My, My, M3 }3gaugino | g pMSSM
masses
19 parameter — 1019 points
\ . — 3 x 10" CPU years
10 sfermion 1point / 1sec
’ masses
) We define 10 param. pMSSM

} 3 Aterms

ma, W, tan 6 } 3 others




pMSSM-10

PMSSM-10 | PMSSM global fit
3 gaugino
My, Mo, M3y masses Full P MSSM
MG, 55 MGy s \> 3 sfermion 19 parameter — 1079 points
ey ) Masses — 3 x 10" CPU years
1point / 1sec
Ag } 1 A-term
ma, [, tan 5 } 3 others We define 10 param. pMSSM
Parameter Range mh =~ 125 GeV sample 109 points
M 1,1) TeV p Opnh? ~
M, EO 4 ; Tov 012 30 CPU years
M (-4,4) TeV
" E 0 g oy ‘ needs very fast evaluation
my (0,2) TeV of LHC constraints
M a (0,4) TeV
A (-5,5) TeV i
ey <—5( 15 )6OT)eV PMSSM19 fit — JoAnne’s talk




Universal Mass Limit

Mg, Mg, Mgo = (1000, 700, 100) GeV

Spectra NSO NS1 NS2 NS3 NS4
sparticle g g g g g
content t1,t t1,t2,b1 t1,t2,b1 t1,t2,b1,bo t1,t2,b1,bo
% X6 0%
Y e X* LR
Xo_ X0 X0 X X3
main g—tt12 g— til 2, bb1 g— ttl 2 bb1 g— ttl 2 bbl 2 g— ttl 2 bbl 2
decay t~1,2 — t)z(l) t1 2 — th t1 2 = tX() , bx t1 2 = th ) bX t1 2 th , bX
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NS spectrum

Universal Mass Limit

“If the variety of channels
are combined, the limit
becomes insensitive to the

topology.”

O.Buchmueller, J.Marrouche ‘14



Universal Mass Limit

M =310 GeV

: We create 4D lookup table
I8 using the full simulation chain.

5 _ Grid: (m.@?m(jl,z?mq:s?m)z(l))
13 Ef Searches
. 2 Monojet
_3“‘*-’ O-lepton (Mrs)

single-lepton (M)

? SS-dilepton

1 OS-dilepton

0 > 3-lepton

400}

350F

300F

2501

200

150

100}

50F

MEAN: 0.03
RMS: 1.78

validated with the full simulation
chain using random 103 points

-10 -5 0 5

X2 (LHCSCOI)—X2 (Scorpion)
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15



m i" [GeV]

EW SUSY searches

ATLAS Preliminary 20.31fb", s=8 TeV Status: Feb 2015
600 : - —
— e v L/, L, sxwvismrze ===« Expected limits
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B i,i- via 1/ Ve, 221,  wXn:1807.0350
[ — Lxs via WZ, 21431,  antv.1403 5294
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~+~0 iad /7 ’
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5001 4 s
/7
/7
, =
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The universal mass limit does not
work well for EW SUSY particles.

The EW SUSY sector is comprised
of a few particles (effectively
simplified model).

We construct y2 as
SMS

Xbw = D fi(m, mg) x B,
i 1
(/ Branching Ratio
We use ATLAS run-1 searches of
XXy via £/
iy via WZ
n ~0
U — Ux



m5<(1) [GeV]
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Validation

Comparison using random 103 points

Our procedure
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Compressed STOP searches

1, peoduction, L+ b 1L It e £ /LW F 1Tt
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The universal mass limit does not work
well for the compressed stop region.

We construct 2 as based on
simplified models

2
Xstop — Zfi(mfa m)’{(l)) X B;
)

Decay

7?1 — b)Zit

2b+MET: 1308.2631

= ~0
7 P L4 jets+MET: 1407.0583

51 — bl/q-7~‘1

MT2 had: 1502.04358

7?1 — C)Z(l)

MT2 had: 1502.04358




300

250

150

100

50

Validation

Our procedure

..
Lo -.:*'c""..; SIS

/ %o, .o ° 9 ;
/..o‘.‘.'.o . 6"0:§ //
° 0y ©
) .h".. .../ ° ¢ P) 7
‘e je @, °® .:.o°'.

/ x* (LHC8gyw) <2.0

R S

150 200 250 300 350 400 450 500

mzl [GeV]

X° (LHC8gywx) +X° (LHC8,,)

w

N

300

250

200

150

100

50

FuII S|mulat|on

7 o,
/:.. :.’: /. o.oo . .;
o eg® o0 L /
Yy
/‘o..o. ° 6%%45% % ...’
, °‘ e p. o® @ .o‘/ 1
AL ad FIRCLCR AN XY
‘/ .Po.... %o "%e oo //
R ki L e
° 80 L Tqo® o° 7 N
g AT Sy
Qoo."t‘.’,o ‘. “"o.
/‘.'.. (1 ?‘..‘ ® <’
’ .'.o./"o/‘ e
SR °%.0 4
¢ .o./ 0 8e° , e /
5‘: 0‘:. o..&./
° °
.‘"' S o 1
/ /

/ x* (LHCSgwx) <2.0

200 250 300 350 400 450 500

[GeV]

250

RMS: 3.15

200

150

100

50

915 -10

? (LHCSEWK) +X (LHCSStop)

MEAN: 0.57

5
Atom and Scorpion
2 ( p

15

w £y U (e)] ~
x* (Atom and Scorpion)

N



Result



Best Fit

Particle Masses [GeV]
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Best Fit

Particle Masses [GeV]

L 1 [T [l 1 [
3 E Parameter Best-fit
5 L E M, 170 GeV
: ol M, 170 GeV 1074
- E M,y 2600 GeV
f_ _f m 2880 GeV
- . my, 4360 GeV
E 1 m; 440 GeV
o . My 2070 GeV
- . A 790 GeV
- | E u 550 GeV
i — | S 2| | | | I N tan,ﬁ 37.6
]\4h0 MHO MAOM 0Mm,om imXQi mzL m; Mg Mg My mgz mgl my, My

e X3 X4 X1

“prediction”

10: Ipnl <1TeV

M1 ~ M2 < 500 GeV
m; < 1 TeV




Best Fit
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from the LHC limit.
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Discovery @ ILC

2N W R U oy ©
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e The 500 GeV ILC can explore a large part of the low x? region.
eThe 1 TeV ILC can explore the low ¥? region.
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Higgses
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—— pMSSM10
8 — NUHM2
=== NUHM1
T CMSSM
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T4 No tension with the Higgs mass
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Gluinos

9 .
—— pMSSM10
8t —— NUHM2
7l -~ - NUHMI squarks can be decoupled from the
6/ gluino production
-5t
¥
3_
2/ gluino mass can be as light as 1.2 TeV
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%500 1doo150020665566300035004000
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* pMSSM10 w LHCS: best fit, 10, 20
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1500f -
1000 The best fit point can be explored by
>00 * the 14TeV LHC
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Stop, Charglno

* pPMSSM10 w LHCS: best fit, 10, 20 PMSSM10 w LHCS8: best fit, 10, 20
Y¢ === === pMSSM10 w/o LHCS8: best fit, 10, 20 ¢ === === pMSSM10 w/o LHCS8: best fit, 10, 20

% 500 1000 1500 2000 05500 1000 1500 2000
mgl[GeV] mfﬁi[GeV]

- Light stop (<500GeV) @ 20
 Stop mass >800GeV @ 10 < after LHC constraints

- Chargino1 ~ Neutralinol @ 10 «—— after LHC constraints



Stop, Chargino

* pMSSM10: best fit, 10, 20 * pMSSM10: best fit, 10, 20

700y II II ,: ' -gl — int
(mili =m0 — 5 GeV)

XExy via 7 -
G - W2+ B

XXy — Wh+ ERiss
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x
1000 2000 3000 4000 0 500 1000 1500 000
mgl[GeV] mili[GeV]
8leV simplified | stau coann. .| % coann. [ | hfunnel Z funnel dashed contours:

model limit 14TeV, 3/ab

, _ o 20 sensitivity
¢ 10: exclusively chargino coannihilation

¢ 20: stau coannihilation, h/Z funnel

e large part of stau and funnel regions will be explored at LHC



No Tachyon @ GUT scale
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Require no negative m2 at GUT scale

1000

—P cxcludes small sfermion masses at low energy

- Stop mass > 800GeV @ 20
« Chargino1 ~ Neutralino1l @ 20
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LHC Run-2

HL-LHC can cover most
of the 20 region

standard searches are not
sensitive to the 10 region

should look for soft objects

lepton ppr scales

gl
'JJ" photon pr scales
W/ Yy AMMyg o W/ Y Amaz_ o
WZBJ\A’L) W=

+
X3 X X3 X3 X!

J.Bramante, et al. 1412.4789



DM direct detection

0 a1 * pMSSM10: best fit, 10, 20
.42
+9 43 | | XENON100 limit
104 13— LUX limit
1074 | ’ |
£ 10 T -_
= 1 ~-46 n ’ { «— LZ sensitivity
= 10 | |
© 1074’ : : _;4— neutrino floor
1048 ’
10 ﬁ AT
T P | T 2
10° 10" 102 10> 10%
stau coann. Xi coann. hfunnel | Zfunnel

e 10: will be explored by L/
e complementarity with the LHC SUSY searches



Summary
Global fit

tells us the status of models
helps us to come up with strategy of discovery

becomes more important after the discovery



Summary
pMSSM 10 fit

sampled 10° points fast calculation of LHC limit

Result pMSSM10 looks healthy

X2/n, . p-value Hi S
CMSSM  32.8/24  11% g ngrg Matter

NUHM1 31.1/23 12 %

NUHM2  30.3/22 11% M (9'2)U
PMSSM10 20.5/18 31% M LHC SUSY limit
Implication

- M1 < 500GeV, Msiepton < 1TeV @ 20 HL-LHC and LZ DM
» Chargino1 ~ Neutralinol @ 1o detection can explore the
preferred region!




