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“This could bé the discovery of the century.
Depending, of course, on how far down it goes”
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L ecture Part Il

"Theories are like fishing : only he who casts can catch”
Novalis (1772-1801)

Part llc: R-Parity Violated, Long-Lived

0@ Particles, beyond MSSM
Q%
& =z,
O .
M o -+ 12 br
. “Distat
| TeV | \\‘\0 Codsins”
The “Nuc
of th!?Hl l
m|ssm
006l or not if %PV _
- : Part lla © RPC 1. Low Am, tiny RPV, weak coupling to G
wl i+ Weak SUSY Long Lived or meta-stable sparticles
! 2. ‘'Sizeable’ RPV

Sxciided by EEE and \\\*\u\..

«— Closeness to Higgs

Multileptons, No Z, jet resonances, LFV
3. MSSM Extensions?
Scalar Gluon
4. Un-natural SUSY ?
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Lecture Part lla

Assume all strongly interaction particles decorrelated (conservative)

[ TeV 4

Not constrainted
by Naturalness

500 Gev | ENters at tree-level. To cancel W
H+- ev_| and 7 loops
AP — Suggest |4|=mHgy, :
0 ~
’ Bg ( - ) uw
12 i S — a
- Q ()8

«— Closeness to Higgs

Reminder: EW scale is the only scale that we know before GUT/Planck scale
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Parameters of the EW sector

+

. H
1- Standard Model ¢Higgs_(%(v+H°+iH°))
WO B, Im(H") — v, Z (8,,~30°)

2- SUSY: Each gauge field has a partner with S-1/2
in the vector multiplet

+ - _ EWwSB _ Cyy = COSO M, 0 —Cgswmz  Spswmz
W' wW HT H- 22wt w v ( 0 My Cﬂc"(‘)’mz ~spewms
_ —CgSwmz CgCwmz — U
RGH 0 — H gB ~ gic:ISBB sgswmz —sgewmz 0
5=
2 .
V(¢T¢) _ _mH QBT@ e )\(Qﬁgb)Q Bino, Wino, Héﬁ:o Neutralinos
1 param. 2 ‘ Names Spin | Py | Gauge Eigenstates = Mass Eigenstates
m _
( H) V= m%{/(Q)\) = (\/§GF) 1/2 ~ 246 GCV ‘N-l Jr\rz Ar3 "\r-‘l

} neutralinos | 1/2 | -1

charginos 1/2 | -1 ool ¥

o (va+ Y +ix%)/V2 B ot ' Charginos
2_ SUSY H’{_ ( (,’):,' H“— Uy + ¢ J”+I\‘ /\[ ’/
EWSB ( My  V2ssmw )
: o ., TSP TR V2cgmw  p
Names Spin | Py | Gauge Eigenstates A Mass Eigenstates
Gauge Bosons | 1 +1 | WY W, WO B W+, W-, 29, y )
Masses of Gauge Eigenstates

Higgs bosons | 0 | +1| H) HY HS H; | h° H® A" H*

Bino Wino Higgsino

1/

4 param. | M1, M2, d tan

eW and a cosz(;‘i —a) = M

m,q(m?.,u - mﬁo)

2 param mA*1 tan B:Vulvd *Masses of other Higgses are

related to m, at tree-level
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Parameters of the EW sector
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0 Bino, Wino, Higgsino ~ Neutralinos
1- Standard Model ¢Higgs_(%(v+H°+iH°)) ‘ Names Spin | Py | Gauge Eigenstates | Mass Eigenstates

neutralinos | 1/2 | -1 N, N, N3 Ny

WO B, Im(H") — v, Z (8,,~30°)

. ~t At
+ .  EWSB B charginos ' 1/2 | -1 | ‘ CT C;
w W, H+, H — IfV+, W xmg/ Charginos
ReH" _— H _ _
5 Bino-Wino case: Higgsino case
V(qﬁ*qﬁ) _ My oté + A(¢T¢)2 Most favorable Hardest but most
1 param. 9 natural
(my) v=/m%/(2)) = (V2Gp) ™% ~ 246 GeV)| ™ —_— e " =
.................................................................... M2 —————— N2,C1 M2 /" N3,C2
_ [ (wa+oj+ix))/v2 _ M
2_ SUSY Hy= ( ¢z H,= vy + 00 + 1) )/\/§ " " mu T NLN2,Cl
EWSB
Names Spin | Py | Gauge Eigenstates A Mass Eigenstates
GaugeBosons | 1 | +1 | W' W, W%B W W 20 y Masses of Gauge Eigenstates
Higgs bosons | 0 | +1| H) HY HS H; | h° H® A" H*

Bino Wino Higgsino

" |

N l
4 param. | M1, M2, d tan

eW and a cosz(;‘i —a) = mzu(né — mi{,)

m,q(m?.,u - mﬁo)

2 param mA*1 tan B:Vulvd *Masses of other Higgses are

related to m, at tree-level

P. Pralavorio SUSY at Colliders (IIA) Copenhagen 31-Oct 2013 5



SUSY Higgses (Rp=1)

Hd:((

“r(

va+ 0%+ ix3)/v2 ) H - ( ot
u - (f (

‘ Names Spin

Py, | Gauge Eigenstates | Mass Eigenstates

‘ Higgs bosons 0 +1

One mixing angle a

H) HY H} H; | b H® A" H*

>
m ms —m
cos?(f —a) = M

P. Pralavorio

mA(mi,u — miu)
M
| TeV -
H+/_ 500 Gev_.
A0 —
HOo ——
‘UJ..
Hgw=h°
Z0
WH-

Tree level relations (MA, tan B)
tanf>1

> m,? +my?
*myo? = my? + m,2/2(1-2cos?(2B)) > my2 - m,3/2

° mHizz mAZ + mW2

m? cos 2(2)
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SUSY Higgses (1)

1 One Higgs (H) has been discovered
= Properties agree with the SM expectatlons mH~126 GeV (EWK Fit 94+/-25), JP=0* .

CMSPeImlnaw Vo< 7Te\.' Ls51lb Vs=8TeV,L<19.6 1"

=
-9(0 H—)’Y’Y+H—)ZZ + :ombsnsd
B 2.0_ - o i
[ + Ho>2ZZ
1.5F .
1.0 .
0.5
r M=125.7%£0.3%0.3 GeV
Co o Gigh s & 0% 5 o d o g o
0.0 124 125 126 127
my (GeV)

A(LEP)
A(SLD)
e
MW

LHC average

= ... and also couplings to SM particles

I T T | T
ATLAS Preliminary
W.ZH — bb
\s=7TeV: [Ldt=a7t"
\s=8TeV: Lot 13m"
H-s1x
\5=7TeV: Lot = a6
\s=8TeV: [Lat=13m"
H—o WW = viv
\s=TTeV: [Lit=45m"
\s=8ToV: |Lat = 207 "
H— vy

\o=7TeV: Lot a8 "
\s=8Tev: JLﬂ 207n’
H— 22" 54l
\s=7TeV: [Ldt - 461"
\s=8Tev: Lot =207 0"

—— —

I
m,, = 125.5 GeV

Combined
\s=7TeV: [Ldt=d6-480"
\s=8TeV: |Lat=13-207 10"

W =1.30+0.20

.-

K

0 +1
Signal strength (1)

H — bb
n=1.15+0862

H—o 1t
p=1.10+0.41

H—yy
n=0.77+0.27

H—»> WW
1 =0.68+0.20

H— ZZ
p=0092+0.28

G [ 10927
L 40+34
+585
—— |387 5
56
60"
125.7 + 0.4
6 10 20 10%2x10>  10°

M, [GeV]

Vs=7TeV,L<5.1fb' \s=8TeV,L<19.6 b"

CMS Preliminary m, = 125.7 GeV

P, = 0.65

S
-

P PSR URTENT IS MU SRT U I RS S S Y

o 05 1

1.5 2 25
Best fit o/c,,

ATLAS-CONF-2013-14,CMS-PAS-HIG-13-005

= A B B B L RS
S g.o5f ATLAS —Data -
=} I H—ZZ" 54l b
3 I . —J° =0
S oof Ys-7Tev JLat=4s61fb B
® | vs=8TeV [Ldt=207fb" JF=0
£
=2 o0.15
0.1
0.05f
q
CMS Preliminary js=7TeV,L<5.1f' \s=8TeV.L<196f"
r — T T T
| [==s8% CL |
1k |—95%CL t =
: w',rZ ]
107 ' E
b b ]
b T 3° 4
102} + .
L Ll Ll |-
1 2 345 10 20 100 200
mass (GeV)
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SUSY Higgses (2)

 Can it be one of the neutral SUSY Higgses ?

» m=126 GeV : h® mass < m, (135 GeV) at LO (NLO), no theo. bounds on H° A® &> ho, HO A0
= JP=0* like hO and H°, but not A° & h0, HO

= Couplings : Need one SM Higgs-like particle and have two case depending on a

2 (2 2 2 2
mio(ms — m m,<>>m
Case 1: cos’(f — a) = go( 22 '2’0) A Z 0 = hO (Ho heavy and degenerate with A, H*")
 Gauge couplings (=0 for A% H*/- at tree level) * Fermion couplings wrt SM
mA2>>m22
Inoww = g TWSin(ﬁ_ —a)  >gmy h"bb: —jionTg =sin(f —a) —tanfcos(f—a) —1
L w2z = e MeIZ0) > gmyl coshy O 25— sin(3— o) + ot feos(F—a) =1
L gpoww = gmweos(B—a) >0 i HObb: 222 = cos( —a) + tan Bsin(f —a)  — tan/3
| 9wz = g M2 70 >0 i 225 = cos(8—a) —cotBsin(F—a)  — —(tanB) ! |
2 (2 2 2 2
mss(ms — m my<~m
Case 2: cos?(8 — a) = g"( Z g") A 2 1 - HO(hois lighter, A%, H*- also light)

Yes ! hO looks very much like SM Higgs (H=HO not yet fully excluded though)
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SUSY Higgses (3)

A If H=h? =*Impact on MSSM parameters (Higgs potential and i )

V(9= m2@ + A¢f

*m?=-m,?/2 = -(89 GeV)? > m? = |p|? \+mHu2 +Amy,,2 |
¥

A =my?/(2v?) =0.13 A2

ev2=-m2/\ = (246 GeV)?

If want to keep |AY?| < |4|> = |y| < 200 GeV

P. Pralavorio
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SUSY Higgses (4)

A If H=h% =»Impact on MSSM parameters (Higgs and stop mass)

= \Want low radiative corrections | The“Nuclear Famiy’ . = Need hlgh rad. corrections to match 126 GeV
of the Higgs i ) ; . E
i 2 me M2 o0 3g1m; Mgysy X 1 X ]
500 GeV_| ty i mj, = Mzcos™ 25 + 8Ty [h] ( mi ) " Mgugy 12 Mgygy
m, 2= (M2, Am,2 = 1262 , b _
v = (My%o- AMy el @ 1 1262=912 + 872 Mgysy® = (My? + my,?)/2
W i e A A I
! : maximal mixing
Classical Quantum Quantum i I ’;= -zu;n f::
| I l l : ; - [Ugy ]
1 [ - 1 : & 200 30
I I PR Y
? = X o+ + 1 f 7\.2! ! g v
I ! :
I | ‘S e’ ! S 150 - -
! ' ! P S R
m2 = (m)o - agA? 4 S22 S _
h h/0 1672 1672 ! wol- 7 o= 77 tmp=3 -
8. B 5 ! L ! L.
mes — 1y . : 100 150 200 250
+ 167r2)\ (mf m.f)ln(/\/mh) i o (Gew)

Small fine tuning = light Fl A 126 GeV h® =» heavy ﬂor large X,

=» Some tension ...
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SUSY Higgses (5)

CMS-HIG-12-050

O Neutral Higgses searches : @=A/H/h

= Production: gg->@ or gg>b@bbg > 2 types of signal regions (b-veto,b-tag) W> """ b
= Coupling (prefer down-type fermions) : ¢>11(10%), bb (90%) 5 rrrre——— b

v' Choose 11 since bb more challenging experimentally h/H/A
= Main background : Z->1t and Electroweak

CMS Preliminary, {s = 7-8 TeV, L = 17 fb™'7,, Ty,

1(]4 L] L) L 1 L} T T T 102 LI} LI ] LI L L) I L) L] LI L L LI L L)
;l I --l ------ 10><¢(I160 GeV)—alt'r. tanp=8 _E %' -------- 10x$(160 GeV)—11, tanp=8
@ —&— observed = O —&— observed
e —t o 7
=, 10 B clectroweak | r. Bl clectroweak
© ” tt = = 10 % tt
© C— acb E"' C—Jaco .
.g 102 BEEEE] bkg. uncertainty 5 22 bkg. uncertainty
= 2
T 10 b-VetO o 1
1
10
G A A [ N - S S —
10_2 1 10-2 l:lll P R T T W
0 200 400 600 800 1000 0 100 200 300 400 500

m,, [GeV] m,. [GeV]
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SUSY Higgses (6)

CMS-HIG-12-050

d Combine all channels  @=A/H/h = T,,4Tj,

= Put limits in a ""conservative” MSSM Model (m,™&X)
v M1=100 GeV, M2=p = 200 GeV (gluino and stop decoupled at 1 TeV to have low radiative corrections )

TlepTIep

= Most of the remaining phase space compatible with m°=126 GeV

1207.1348

Maximal mixing - Ms =1 TeV

CMS Preliminary, Vs =7+8 TeV, L = 17 fb’'

uso I I l ﬂso_llllllilllllllllllIIIIIIIIIIIIIIIIIIIIIII
% 45 95% CL Excluded Regions 545 123 < Mh < 129 GeV
- [—1 Observed

........ i Expected + Excluded by ﬂaVOUr

+1o expected
=20 expected
I LEP

CMS limit

I LEP limit

1300 5 L L L L) TR L L LA PR I L
I I I IRERE I I

MSSM m;™* scenario

Msusv =1TeV

100 150 200 250 300 350 400 450 500
M, (GeV)

200 400 600 800
m, [GeV]

Favor high mass neutral SUSY Higgses
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SUSY Higgses (7)

A Charged Higgs : H *- > 1v

= An elementary charged scalar particle : clearly indicate new physics beyond SM !
= Coupling (prefer down-type fermions) : BR (H->1tv) = 100% for tanf3 > 1
= Production: my+/- < m,: Produce via t->bH*" my+/- > m, : produced like t(b)H*"

Fully hadronic T -jet
/q H<<t'
g ! Vv

— t
g/q W-

ATLAS-HIGGS-2013-090

Leptonic It . ‘C<+<E-jet
/q e v,
VT
. 7 RO —————
g/a w——
e/u B
Leptonic I s e/n L _____ H+*
/a H<<V_t
The A .
7 * O —————— ¢
W /e g

P. Pralavorio SUSY at Colliders (IIA) Copenhagen 31-Oct 2013 13



SUSY Higgses (8)

ATLAS-HIGGS-2013-090

d Charged Higgs (H ¥~ > tv)and m, <m,

= Select: =1 hadronic tau (medium) and W->jj
= Background dominated by true tau coming from ttbar

3 Q60_||llllllllllllllllllllllllllllllll—

> ><1| O| 1 T ' T 1 T T I T T T T | T T T T 'I T T T T T 1 T T % L —sse b Median eXPQCted eXCIUSion Data 201 2]
> o oy +— | [ Observed exclusion 95% CL /]
S ATLAS Preliminary e Data2012 500 ------ Observed +1c theory c+jels |
o Nelmm 4 T 1T™e - = Lk mmmee- Observed -1o theory 2
EY 16 = J Ldt=19.51b D True 7 ) — — - Expected exclusion 2011 T
_g L \s=8TeV |:| Jet— 7 mislD 40 Observed exclusion 2011 —
g 14f 22N Uncertainty ATLAS Preliminary .
- [ m,. =130 GeV (x 10) 300 Mhe* 15=8 TeV E
/]

B(t—bH") = 0.9% .
Ldt=19.5fb

Light H* Selection 20

l\llllllllllillllllll

0.)'-IIIIIIIIIIllllllllllllEllllllllllllllll[l

0.6 — ;
0.4 T
o2+ ~™>erb.1 14 trmmmaeet s.
C o =
0 00 500 00 0
90 100 110 120 130 140 150 160
my [GeV]

m. [GeV]
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SUSY Higgses (9)

d Charged Higgs (H ¥~ > tv)and m, > m,

= Select: =1 hadronic tau (medium) and W->jj

ATLAS-HIGGS-2013-090

= Background now dominated by fake taus

Q -_‘-I TT LI L] |Il :..' T I7T l | I | T T T T 17 I’L T T I TT I“
> o RN AR ILEEE LS I B A S %65—_"‘.‘ A "t_'
$ 10"EATLAS Preliminary e Data2012 = N //!_,_. e g
§ 104: ILdt: 105"  [_]True < 60; 4 : :
2 E— \s=8TeV [ ] Jet—zmisID 3 55k o E
c & : ) = .~ "ATLAS Preliminary
o - 3] Uncertainty - / © a8 TeV .
il 5 tan(p) = 50, MSSM m™ - - .
10°p E 451 J.Ldt =195f"
- ‘E Heavy H" Selection . 403_ * — = = Median expected exclusion _E
E N |:I Observed exclusion 95% CL ]
1 B 35:— ------ Observed +1o theory —:
E- | | | ik { | E | | : ---'-l---- Olbserv;ad —1cr|lheor3r E
—_— . —_— — —_— - — 3 TN N N T AT T N T N A A

€ IS 2 sk 0 S8 ol 200220 240 260 280 300 320 340 360 380 400

mr [GeV] m,; [GeV]
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SUSY Higgses (10)

J Conclusions

= h9 could still be the boson discovered (even if some tension within MSSM)
= Limits are pushing SUSY Higgses to higher masses, typically m(H*-,A%)>130 GeV

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb™
— T

«. 50 «,60p : i 2 - AR R
5 45 [l 7ot Eron regione £ 5 [ o ovcered xchmion 5 L. 5 7 eriets
— gbser:e: ,.e"s E 508 ------ Observed +1o theory g+iet5 60F P /,.-" E
40 *’!‘:;e;(e ected - T | === Observed-ia theory E ’-v'j
=20 ex::ected ‘f.s E il = Expected exclusion 2011 / 0 ".' ]
35 er 3 40[] — Observed exciusion 2011 55 .“ATLAS Preliminary -
A v 2 - ATLAS Preliminary / C o \s=8TeV
25 3 3ol T ME=a ek SoF , Data 2012
E e e - k. ) ]
20 E ol ILdt =1951b ) asfn J' Lot=195M"
15 I : —; E 2 40 ;_ o — — - Median expected exclusion _:
10 .-‘ MSSM m™* scenario 3 N [ observed exclusion 95% CL
b ﬂ Msusv =1Tev E 35} ------ Observed +1c theory {
d _E I : y 7 5 = e F l | i - ”l." C‘)bserv‘ed »10"theury{ l -
T 1 1 L L 1 7 g T G IIIII ) - - - - - - - - 3 O 141 111 Lt 1id L i 11y 141 111 111 11
9 200 400 600 800 90 100 110 120 130 140 150 160 200220 240260 280 300 320 340 360 380 400
m, [GeV] m, [GeV] m, [GeV]

= |In the following, | assume A%H%H*- decoupled
v It is conservative: If they happen to be lighter EWKinos cross-section will increase.
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EWKIinos (Rp=-1)

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra

M
e — ~SUGRA ~Natural ~ AMSB
Bino-Wino case Higgsino case Wino case
Open Spectra Compressed spectra  Degenerate spectra
500 GeV mu T N3N4,C2 M1 N4 mu —
B0 M2( —:— ) w M2 ——Na m2 e — e M1 —_—2
2 ‘
TR S — — o
ﬁ? _ IJ- Ml( _3_ ) B \ - it mu N1,N2, C1 M2 N1, C1

«— Closeness to Higgs

Will mainly focus on lightest states (C~31, Kll, I<I2)
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EWKIinos (Rp=-1)

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra

M
Y ~SUGRA . ~Natural ~ AMSB
Bino-Wino case Higgsino case’ Wino ¢ -e
Open Spectra Compressed spectra  Degenerz \\0 ctra
\\\(,/ ng’ y
500 GeV__ mu " N3,N4, C2 M1 ,_/L\\_ N4 mu C} —— N3,N4, &2
5 ’ (')
B M2( _ ) & M2 —— T} M2 e T3, &2 M1 - ~ N2
17 o ; — ’ . &
p‘ [ fl'+ — u ' = it W my —Nl,ﬁ\i,\?l M2 % e — | W o
hS M1(— )&% \ B ~ e : —

«— Closeness to Higgs

Will mainly focus on lightest states (C~31, Kll, I<I2)
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EWKinos (0)

1 Reminder : Triple Gauge coupling in the SM EWK sect  or

W W
/
W= W=
e e / tanB,,
v VA

" Awwy ~ 0.6 Az " Azzri ~ 0.5 Ay

= Neutral gauge coupling forbidden at tree level = Hyy forbidden at tree level

With W 61, Y(H) < Nl, Z (H)«e N2 can get a feel for SUSY couplings
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~SUGRA
. s
EWKIinos (1) Gpen Specirs

N3,Na, C2

O How to produce them ?

M2 N2, C1

= Gauginos mediated by y, Z, W (marginally via h®/HY/A%H*")

N1

M1

~

q X0 g X q X
>\X/\ZA< >vaZ/\< ‘ >V\v/z/i'\< ;
q Suppressed vO0 g = ’

ban

Note: coupling (W-Bino, Z/y-Wino)~0, (W/Z/y-Higgsino)~small, (W-Wino, Z/y-Bino)~large

O How they decay (and assumptions) ?

= Most natural is via Gauge bosons and Higgses - 1- Only decay via W/Z
= On shell or off-shell depends AM=M(N2,C1)-M(N1) - 2- On-shell W/Z AM>M(Z,W)

= LHC = hadronic collider - 3- W/Z leptonic decays (I=e, W)
N N2 a1 v N2 jor |
N1 NIN1 N1  ISR-jet
N2 ZNIN1  ZZNIN1 ‘ N2 2+MET  4+MET
Cl WNIN1 WZNIN1 WWNI1IN1 Cl1 1+MET 3H+MET 2[+MET
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EWKIinos (2)

~SUGRA
Y, £ Bino-Wino case
Open Spectra

a ¥ ) .
g % Decay via Leptonic [N AR L e
>v\v/1c-”\< mu — P on-shell W and Z N1 M
——
N - N2 2HMETA eI

q X M2 — — 5
aq x° BR (W=I)=0.21 Ci1 1+METH 3I+MET A 2I+MET @
+ + +
v, Z W 1z BR (Z>11)=0.07
M1 N1
q X°
N(evt) 2012
= 102 ® C1C1 production = 10
= m  C1N1 production * a T ernd é @
2 C1N2 producti * roduction
ok s, 4 GIN2 producton % 10 s CiNi production* | § G
x - 28 3 i «  N2N1 production * e 4 C1N2 production = o
1 v T Y ‘ ’ | + N2N2 production & 1 o N1N1 production o S
vew9 3 LI x . « N2N1 production *
¢ “ e = @ " " m a5 . -+ N2N2production
e v ey, "ttt s, 1000
LY T , i i , ‘, ¥ - 7
10‘2 10?2 ? , L] . ;
— —+—» 100
10° oOl I 10° -
e, . E
10* e ., & 10* T
2 o
10°% 10° o o
Yy o . —
10° 10° Y.,
+ * *
sl Ly by by v by o b b by by | 10-7|§||I||||1||l||||l||ll|!ll|Illllll|
10 100 120 140 160 180 200 220 240 _ 260 100 120 140 160 180 200 220 240 _ 260
Degenerate mass of EWKinos (GeV) Degenerate mass of EWKinos (GeV)

* Assume m(N1)=1 GeV
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EWKinos (3)

~SUGRA
q I Bino-Wino case
Y, € Open Spectra

_ Decayvia Leptonic [N ECIRN KR
q _

X mu — Y on-shell W and Z N1 }B‘(
q = }0 _ ) \
o " e BR (W-Iv)=0.21
>\/\N< Wi |Z BR((Zell))=0.07 Cl IBmME@ 3+MET A 2+MET @
6’ :\;t M1 N1

N(evt) 2012

107
® C1C1 production Main EW Background
m  C1N1 production * - J
4 C1N2 production .
1 N2N1 production
- L B C1C1 WW-Ivlv 2.6 2.6/0.25~ 10
1 b 4 " n g g
10 ? @ 2 o

XSec * BR [pb]
=
Disco-
verable

Type o xBR (pb)  ol/og,sy @100 GeV

CIN1” W-Iv 25000 25000/1 ~ 25000
CiIN2 Wzl 0.3 0.3/0.12 ~ 2.5
N2N1" Z-l 2200 2200/0.17 ~ 13000

55— 1000

[ -
o
o

10*

10°

Too Hard

10°

Only C1N1 and C1N2 can be probed at LHC-8 (20 fb1)

I|III!1IIIIIIIIIIIIIIIIII]IIIlIIII

100 120 140 160 180 200 220 240 _ 260
«assumem(ND)=1cev Degenerate mass of EWKinos (GeV)

107
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ATLAS-CONF-2013-049

~SUGRA
Bino-Wino case
Open Spectra

 Search for Direct Chargino (C1C1)

= Extensively discussed in Exercise 1 ... only comment the result here

|

M2

= Presently only consider ey channel

M1

T T T I T T T ]’ .I l. T I T T T l T T T I T T T I T T T l T
ATLAS Preliminary
—=— Observed limit (+1 o3 2"

-.-. Expected limit (1 c_ ) m(f’) -0 GeV
1

exp

=
o

\s=8TeV: JLdt=2031"

95% CL Limit on c/cssuSY

Can not exclude (yet) any SUSY models
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ATLAS-CONF-2013-035

~SUGRA
Bino-Wino case
Open Spectra

( Search for associate production (C1N2)

mu —7 N3,N4, C2
= Similar experimental challenge, but dominant background is now WZ !
i i ; M2 ——F—nNC
= Consider 3-lepton signal regions (w/wo Z veto or w/wo W veto) w1z
M1 N1
§ ,y;ﬁms Preliminary ~ =osa Selection (SRnozb)
B = - Trigger : Single Lepton OR Dilepton | 5 300 e
.:a: i ) e Pt (|ept0n) >25/15110110 GeV gw E ]_QTLAS Preliminary =——— Observed limit (+1 5.5
E . N ogg - | Ldt=20.716",1s=8 TeV -==-- Expected limit (+10,,,)
'F * ‘Jet Ve.tq’ bJet veto, Z veto = L 2wy 20 ATLAS 13.0 ", ys = 8 TeV ]
g oF e Discriminant: MET>75 GeV [ me=m, i
:.]'\;1.5— 200 — ¢ —
ot GO Background l 150; o J
. — : Ng=29+6 -
'é" 02; ATLAS Preliminary :.?:::Isu . . 100 [ N
3 F o franmre = Syst dominated. Mainly from WZ theo - ]
uncertainties. 0 3
Signal E i ] ]
0 | T - [ | i 1 i 11 1 [LH ! 1 I -
Errors are 10-20% dominated by 100180 200 20 800 850 eV
. . T,
theo. signal uncertainty

= Exclude m(X;¥)=m(X,%<320 GeV for m(LSP)<80 GeV
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~SUGRA

EWKinos (6) Gpen Spscte

gy C2

O How they decay (and assumptions) ? .

= Most natural is via Gauge bosons and Higgses - 1- Only decay via W/Z
= On shell or off-shell depends AM=M(N2,C1)-M(N1) - 2- O)tff-shell W/Z AMX<M(Z,W)

= LHC = hadronic collider - 3- W/Z leptonic decays (I=e, W)
N N Tw e o
N1N1 N1 ISR-jet
N2 ZNIN1  ZZN1N1 ‘ N2 2+MET  4H+MET
Cl WNIN1 W2ZNIN1 WWNIN1 C1 1+MET 3I+MET  2I+MET
Preyious Leptons
O How they decay (and assumptions) ? slide  too soft

= Most natural is via Gauge bosons and Higgses - 1- Only decay via W/Z
= On shell or off-shell depends AM=M(N2,C1)-M(N1) = 2- On-shell W/Z AM>M(Z,W)

= LHC = hadronic collider > 3- W/Z [eptericthadronic decays
N
NIN1 N1  ISR-jet
N2 ZN1IN1  ZZN1N1 - N2  2+MET  212)/4+MET

Cl1 WNIN1 W2ZN1IN1 WWNIN1 C1l 2]+MET | 112j/212j/4]+MET |1I2j/4j+MET
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( Search for associate production (C1N2)

ATLAS-CONF-2013-035, CMS-PAS-SUSY-13-006

~SUGRA
Bino-Wino case
Open Spectra

mu —7 N3,N4, C2
= Similar experimental challenge, but dominant background is now WZ !
i i ; M2 — —
= All 2-lepton+2-jet to 3 signal regions (w/wo Z veto or w/wo W veto) w1z
M1 N1
CMS Preliminary Lmt= 195" \s =8 TeV
S‘300_""I""]""i""I""I""_ 9 B P T , T T - )
G [ ATLAS Preliminary === Observed iimit (:1%5) [ [ PPOL,X, =2 Sosened 215 0 31 i 188 =
£ 250 [ | Lat =20.716", (s=8 TeV ====- Expected lmit (+16,,) ] g s00k- ¥ = Z%° E E"Pecteg 2521 g g; 121’3“»:"17- - -%
E Ln-wgz0g ATLAS 13.0 fb ‘.\s:BTaVE g,.{ F 1 i O)I(:::;Zd alzf)nly “Oerperime 9
55 - mi:=m12 e\lllimils al 95% CL __- - ~T = w-i? == Observed 2/2j only 1 - 103 @
o ‘a\é{\/@m Lo, 150 = B
F Y (O e m\‘ ] : ) 5
150 = o4 S A\ F N 1 =
L @ - ] 100~ | =
- e %\ - T & uES . e="Scaa_ [
100 |- e - B s - 2
s ] - s
B ] 50— .
50% . C 13 10° S
: ] - e 2
EoL | ] ? v ~—»iﬂ 8
?00 350 400 0 400
My [GeV]

Add sensitivity to at high m(X;*)=m(X,°) masses for massless LSP
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~SUGRA
- Bino-Wino case
EW KI n O S (8) IOpen ISpectra

mu N3N4 C2

O How they decay (and assumptions) ? =

N2, C1

= Most natural is via Gauge bosons and Higgses - 1- Only decay via \&“ﬁ( ho | w
= On shell or off-shell depends AM=M(N2,C1)-M(N1) = 2- On-shell h © AM>M(h©)
= LHC = hadronic collider - 3- All h? decays

N1

--_ -_-

NIN1 ‘ ISR-jet
N2 HNIN1  HHN1N1 N2  H+MET |HH+MET

Cl1 WNIN1 WHNIN1 WWN1N1 C1 1+MET WH+MET | 2[+MET

Note: in SUSY N2-wino can not decay via Higgs, however
Interesting for comparison purpose
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EWKinos (9)

~SUGRA
Bino-Wino case
Open Spectra

N2 Decay via SM Higgs
and C1 via W

Higgs decay CIN2

w- H>WW*->2[2v 3I+MET
— BR (W->Iv)=0.21
mu 3,N4, C2 * +
- s — BR (h®>WW*->Ilvv)=0.008 e Rl
aq X= v — BR (h® >ZZz*->ll)=0.00014 H>vy 1+yW+MET
- BR(h° >yy)=0.0023
W!| H < BR(h® >bb)=0.57 H->bb 1l+bb+MET
M1 N BR(h® >11)=0.06 H->1t 1+Tt+MET
N(evt) 2012
sz : 815: Bﬁﬁﬂﬂﬁﬂgﬂ* Emz & C1C1 production L O
g s+ CiNzproduction = BR(h? >bb)=0.57 = G1N1 production « 95
o 10 ; i o N1N1 production £ 10 & C1N2 production 8 o]
i " e 3 b « N2N1 production * A N1N1 production =5
1 y ‘ g I + N2N2 production __I' 1 3 + N2N1 production * ()] S
® o o o : : L < i g3 @ s + N2N2 production
4 ¢ e . ", .
10 —~101 . LI ! , | B | x
=10 e e . —r—=—=—3 1000
10% S 1q2 LI )
% . o = g 100
10° R x 210° ¥ " w o]
. e . + . 2 P S E
10 Yor o, 10 (A L . L
10° 10° " 8
|_
10° 10°
107 L1~ Ly by v v b by v by b b by | N T T T T S e e
100 120 140 160 180 200 220 240 _ 260 10 100 120 140 160 180 200 220 240 260
Degenerate mass of EWKinos (GeV) Degenerate mass of EWKinos (GeV)
* Assume m(N1)=1 GeV
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EWKIinos (10)

~SUGRA
Bino-Wino case
Open Spectra

1
1
1

M2

[l
»
o
-

=
T

M1

N2 Decay via SM Higgs
and C1 via W

BR (W->Iv)=0.21
BR (h>WW#*>Ilvv)=0.008
BR (h° >ZZ*>1Il)=0.00014
BR(h® >yy)=0.0023
BR(h® >bb)=0.57
BR(h® >11)=0.06

_ Main Background

3I+MET

S5I+MET
1+yW+MET
1l+bb+MET
1+Ttt+MET

Type oxBR
(pb)
WzZ->3l1lv 0.3
ZZ->4l 0.5

Wy +j? 0.8
tt >2b2l2v 11
tt->2blt2v 6

1l+bb+MET seems the most powerfull

0/0sysy
@100 GeV

0.3/0.02 ~15
0.5/0.0003~1700
0.8/0.005 ~150
11/1.2 ~9
6/0.12 ~50

| <

H>WW*->2[2v 3I+MET
H>ZZ*->4l 5I+MET
H>vy 1+yW+MET
H->bb 1l+bb+MET
H->1t 1+Ttt+MET
o(Wy+))?
o(Wy) =40 pb

BR(W->Iv) =0.21
Jet fakingy= 0.1 ? Fab
o(Wy)xBR= 0.8 pb
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CMS-PAS-SUS-13-017

EWKinos (11)

Bino-Wino case
Open Spectra

1 EWKIinos production with Higgs in the cascade

mu —7 N3,N4, C2
= 3 different signal regions considered
. M2 —— A
= 1| +bb is stronger
W H
M1 N1
CMS Preliminary Ns=8TeV, [Ldt =19.5 b
o 5 = T I L] L] T T i T ] | L] T 1 ] | T ] T L] E
_.9 4.5 ;_ e = _E
= 4f =
© = =
3.5 ~t =0 —o. o =
= X, %, — (W (H ) B
3 = combined observed —]
e combined expected
2.5 —— 1L expected =
sF - - - SS 2L expected =
é - 23L expected g
1.5 57' =
== -
0.5 =
o ¢ . . .y Ly . M
150 200 250 300 350
x| x1 x2
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EWKinos (12)

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra

M
[ TeV
Bino-Wino case Higgsino case Wino co-NLSP case
Open Spectra Compressed spectra AM(C1-N1)<1GeV
500 GeV mu T N3,N4,C2 M1 — N4 m o T N34, €2
i M2( —:— ) W M2 —Wa M2 i Ml ——— N2
2 H
T8 S — — o
ﬁ? _ IJ- Ml( _3_ ) B \ i W mu N1,N2, C1 M2 — o
oy 8i= IWZAEERSER EFS 3 s 5 s
«— Closeness to Higgs May be only way to

access N1N1-at
least at low mass ?
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EWKIinos (13)

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra

M
ITeV — Bino-Wino case Higgsino case Wino co-NLSP case
Open Spectra Compressed spectra AM(C1-N1)<1GeV
but now favored by
AM(C1/N2/N1-G) !
500 GeV mu T N34, C2 M1 — Na T e — 0
];,0 MZ( _:_ ) 0 M2 TN M2 — 07 ML ————— N2
2 !
pt pt E 9 ; N . mu —EY P21 M2 e e fig, 1
hS M1(—)&B 1™ —N — ==
Ao e N EERRER EES 3 s s s
«— Closeness to Higgs
& May be only way to N1->ZG for low tanf C1>WG

access N1IN1-at

least at low mass ? N1->HG for high tanf3 N1->Z/yG
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A plethora of new final states for Bino-Wino case

= Remove NxNy production since too low cross-section

" Ogygy /3 because (W/Z/y-Higgsino)~small wrt (W-Wino, Z/y-Bino)~large
= Pure Bino NLSP - Adding 2y in final state kill CIN1 and C1C1 background

2
———— ©
WyWGG WZywGG WWWGG
Final states 11+2 wMET 3lI+2y+MET 21+2y+MET
Bkg type Wy+j? Fake ? Zy+j?
o XBR (pb) 0.8 0.1?? 0.1

004, @100 GeV  0.8/0.3~3  0.1/0.04-25  0.1/0.1~1

For ~SUGRA was 2000 2.5 10

10*

10° &

10°

10

10-1 i |

1209.0753

Bino-Wino case

Open Spectra

M2

M1

2y+MET
SPSB Mmess-ZA N5~1 tanB 15, 01:<0 1mm
SEILC NN WEUIE L NEL T (I (R S I T
C SRC — Observed limit
; -------- Expected limit (1o,
L ATLAS SPS8 NLO cross section
] (R 3
E ......‘.:.:.:.::::.':.:::_':.'_.:‘_‘__.‘_- JLdt=4.8 fb_w, =7TeV 3
PRI (TR T SN MU 1
200 250

T W S S ) £

£ 300 400 500

No 8 TeV published results on this !
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Higgsino case
Compressed spectra

M1 N4

EWKIinos (15)

 Have sensitivity to the Higgsino case ! N i
= N1,C1,N2 degenerate. Assume N1 is still the LSP (N2 similar) ZH ‘ ‘ /H

= Can reuse 3lepton analysis to assess sensitivity at low tan3

CMS Preliminary yYs = 8 TeV, le =19.5ib™’

L2, & 95% C.L. CLs Limits e
ZZ2GG 7ZGG Z7ZGG s oo i dsionar oo
Final states 4l [ 21+2j+MET E L3 = cesic S PASTSUS Y000
= - E
+2i = r ek . . .
Bkg type ZZ I/ Z+2jets 3& N ---,..A»Avery_n_l_ce limit !
o xBR (pb) 0.5/70 O o'k e -
% E amsB zzeers : =
/05,y @100 GeV  0.5/(0.3+0.04+0.1) ~ 1 I C N ﬁ
1 éO 2(|)0 2é0 360 Sé 4(I)0
e : Obtained with B [GeV]
[ | >

Poorer sensitivity at high tan [3 et eyl o\ o

1A TLAS Prellmmary _[ Ldl 20.71b' 1s=8TeV

——— Observed limit (10,5 ) 3

ZHGG ZHGG ZHGG

--- Expected limit (+10,,.) =}
ATLAS 5.8 fb”, Z4jets

Al limits at 95% CL =

Final states 2|l+bb+MET :
ATLAS-CONF-2013-036
Bkg type tt >2b2|2v &
o XBR (pb) 11

800 900
1 [GeV]
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EWKinos (16)

Higgsino case
Compressed spectra

d Have sensitivity to the Higgsino case ! " "
= Other interesting case: NLSP=C1 : Can add up all production ... e — e
= ... and recover lower cross-section) m ——wRa

W [w
____ G
WWGG WWGG WWGG
Final states 2I+MET 2I+MET 2I+MET
Bkg type WW —>Iviv WW - Iviv WW > Iviv
G xBR (pb) 2.6 2.6 2.6
0/0gysy@100 GeV 2.6/(0.3+0.04+0.1) ~ 6 1206.6888
For ~SUGRA was 10

= Can reuse 2lepton analysis to assess sensitivity. For mC1=100 GeV o/ogygy ~ 2.9
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EWKinos (16)

Wino co-NLSP case
AM(C1-N1)<1GeV

O And finally the Wino co-NLSP case

= Decay C1-2>W*N1 is longer than ~0.1 mm ... and C1->WG dominates !
= C1IN2 has very low cross-section

M1

M2

I U = w| lv(zf

c1 WYGG WWGG
Final states 11+1 y+MET 2I+MET
Bkg type W y->Ivy WW=>Ivlv
o XBR (pb) 12 2.6 = 1500 /@m.":”,k‘?'ﬁ‘@ﬁ’,. .
Q qaok P\ - - susy
0/05,sy@100 GV 12/1~12 2.6/0.25~10 £, 148 ovees, OPEEIVE KT (2135 )
R e S N Expected limit (+1,, )
For ~SUGRA was 25000 10 E 12do Al limits at 95% CL
% 1190 ATLAS Preliminary

f Ldt = 4.7-4.8 fb”

= 1I+1y+MET can exclude mC1<220 GeV !!

\s=7 TeV

—
o
o
IIIIIIlI||II|I[IIIIIIIIIlIIIllIIlElII

gNLSP
50? ypaps—le—y MO TS A L
0 200 / 300 400 500 600 700

wino mass [GeV]

8 IIIIllllI|HI||i||I[IIII|IIII|I|I1]IIH|IIII|IIII
o
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EWKinos (17)

O pMSSM = systematic scan of 19 parameters MSSM

= \We have treated 3 extreme cases Higgsino-like, Bino-Wino or pure Wino.
= Sometimes even SUSY impossible models ! (N1 Higgs decay in Bino-Wino models)

= Can consider SUSY-motivated case and all the intermediate cases with pMSSM
N1 composition m((~31) [GeV]

e = LR T T T 1T T !Jl T T !-
350 .E mﬁ?ﬂnsnm 199 237 - AT\LAS I ': I "'-.iJ S Ghserved it (410525Y)
mw Qu§1511301491u . E B E: t P Expected limit (16, )
g - Q.
300 mH, b 350 [ \ | P2 1035 Gey
- mf%r'pmmm s 2 g B OEH OBE = A %\ -
S =300 | ]
= 89 47126 144162 188 i B B = J‘ X, =
% 250 : —250 B Jre=e7ns :
9, iz s 0 | e e
™~ : -200 . IL‘ pMSSM, 2+3 leptons \--.__\\ ;
< 200 = M,=100GeV, tanp =6 S~ =

H
EAnsmm 166 189 200 21 20 284
R

{150 ' 5\!‘ my = (Mo + myo)/2

oo ok
|76 nk’ 121133 150 166 180 188 193 197

N0 121 133

\9/ j R eadee o
100 L% Wino-like B
100 4 200 2 no-lik€ T35 00 150 200 250 300 350 400 450 500

(M1=100 GeV) MU [GeV] DGemtR_350 10 GeV MU [GeV] DGemtR_500

[y aely N ".'.7.'. g S ST T S i 1 1] 8 L. '.“ '.J e il [t
0 150 200 250 300 350 400 450 500
1 [GeV]

Final results recasted there will allow to be more quantitative (still to come)
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Some Left over (1)

ATLAS-SUSY-2013-049
CMS-PAS-SUS-13-006
ATLAS-SUSY-2013-028

O Low mass slepton are not natural but ...
= Have same final states as C1C1->WWN1N1 so can be exclude beyond LEP

S [T B L
;o R CMS Prel L =195#",\s=8TeV

8. s, ATLAS Preliminary Tl PRI < RO e e DS
= :ij=zo.3|b".|s=aTev ®  300f pp—s7 i, fi i 95%C.L.CLs NLO Exclusions —|
€ [7 === Observed limil (+103=%") S] L 1
imif - — ervedt 1o, ]
200 | === Expected limit (+ g,,) =l £ o0k o Soro) E
[ LEP [, tickidad g E Br, »1%)=1 =21 Expected 16, i E
L Alllimis at 65% CL 1 ae® ]
150 | ’ ] 200(= =]
r h 150 -
100 - F B
v b B =
I 100 — B &
o f BN
i i E 50 ::‘},’_;y: 1 Y —;

8y E 7 \ -

0 T e .. S ?7' ! L
00 Am - Hos - 2am — SonT " aAn 00 150 200 250 300 350 400 450

m() [GeV] m (GeV)

» m(tau)~1.8 GeV heavy, low mass stau can be conceived

vr [T
T/Vs

m., [GeV]

400

- 350

300
250
200
150
100

50

g

(RN

iij STV () T V) o w‘f’: :!tvv)ij‘

L

=" SR combined

Ldt=20.71", 15-8 TeV

m,; =

E Mg + me =05 s Obsarved :imr(uufngj,‘;J =

- ' ===~ Expected limit (£10,.,} -

F PRAR =

E NG {0 %
00 150 200 250 300 350 400 450 500

M, 0 [GeV]

|

- 10

95% C.L. upper limit on cross section (ib)
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Some Left-over (2)

ATLAS-CONF-2013-035

d Intermediate sleptons

= Not natural but if present will double the mass limits

ol ad s
100 150 200

;300y-uluyyr,us-lm-.|.-\.|-ur 5 800 T T T T T T T T T T T
] [ i 3 o + A ’ v, o
O [ ATLAS Preliminary —— Observed limit (+16325) ] ~SUGRA O [ ATLAS Preliminary =—— Obsewvedlimit (10357 ]
e¥2s0 - | Lat=2071b", 1s=8 Tev === Expected imit (+10,) ] 27500 [ | Ldt=20715" 158 Tev =mmnn Expected imi (t10,) ]
r =t 0 ") =0 (") 20 -1 - - I A=l T Tu= =31 1 ]
[ % x?_aw“ %,Z'% ATLAS 13.0 6" Vs =8 TeV _ [ 22-LviEnspey ATLAS 13.0 ", ys =8 TeV |
C my: = my Al limits al 95% CL ] Blno Wlno Case K " ?m"‘ i:ﬂll)(;\‘li? Alllimits at 95% CL
200~ ' * - 400 1 B =i e =
r 7 [ myeam.
o oM Open Spectra =g
r o p 1 r ]
F o _—
r & v ] — r L B
180 - o & — md — N0 300 i *
- <.\\ e - . A
100 ] M2 ——ma 200 .
T : i
50 - A\ ] V1 L 100 i ]
il o) RO | . . N TR T TR R I A .\ %
250 300 Jaso 400 100 200 300 400 500 { 600 00
L, . [GeV] m.. . [GgV]
Fays X X,

= AMSB case and RPV = Lecture 3

~ AMSB ~SUGRA
Wino case Bino-Wino case
Degenerate spectra Open Spectra

i N'3,N4,Q
mu N3,N4, C2 -— s
M2 e 2, C1
M1 N2 M1 — 1
M2 ML, C4 SM patrticles
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Some Left-over (3)

CMS-PAS-EXO-12-048

g.v. Z.or W

 Monojet : sensitivity to LSP ? ;
= Mono-x (X=|, g, W, Z) signature. Most powerful is x=
v" Jet is recoiling against x (boosted by the heavy final state)
v Enhance MET at high value ! _ Mediator %
* Dirac or Majorana
= x=j : 1high energetic jet + imbalanced event (MET ~ pTj) s 9'§f$5p2§“é‘;“_.a€*9* Invisibile
v Main background Z(=>vv)+jets estimated with Z(=>pp)+jets Vector, Axial-Vector
g e CMS Preliminary = T e "“‘\\/ec‘:t(‘)r"s'imlilar' )
2 . i Ao 31000k | 7
= J-Ldt= 19.5 b’ - X e 900 GeV
10° I )
10*
10° ::’
Iy —®— Data . CMS Preliminary
107 e |- s”_ . (s=8TeV
. 1 ™ —7900%3¢ i i, i ILdt:19.5fb"
. - ) - P i [=CMS 2012 Axial Vector |
" = L4 300 — CMS 2011 Axial Vector :
3 o_;gﬂ,' s o ***++*H+++++++++ T4 é VAP Y AR A,
0 E=s s fusmesaand e Eovizsioa I,, ........... (TR SR i 1 10 102 103

I S 5
200 300 400 500 600 700 800 900 1000 100 Ml[GeWc]
ET'®® [GeV]
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Some Left-over (4)

ATLAS-CONF-2012-147

 Monojet : sensitive to LSP ?

= In case of bino case no sensitivity (see before)

= Sensitive to gravitino mass !!!

......

Ldt=10.5 fb"'
\s=8TeV

e i

o x A x € [pb]

T IIll]Il

-,

ATLAS Preliminary ss+ cL sr3, m §-m g

= = = Expected limit
—— Observed limit
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Summary of Part lla

O Natural EWK Sector challenging
= MSSM Higgses need more attention
v' Adiscovery of Charged Higgs or other neutral Higgs will be a major discovery !
=» Generally pushed neutral and charged Higgs > 130 Ge V

= EWKinos have low cross-sections - Need high luminosity ! Will be the sector that will
benefit the most from HL-LHC

v' Bino N1 and Wino N2/C1 case can be covered in CIN2 (and C1C1)

v' Most natural case (Higgsinos) hard to cover apart in some GMSB models.

v Nice by-products: slepton mass limits beyond LEP !

v" More realism can be brought by scanning M1, M2, mu (considering pMSSM)
=» Can not really exclude (yet) natural SUSY spectrum  with EWKino searches
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Higgsino like
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Figure 1: The branching fraction for ) — hG and ¥ — ZG processes as function of u for GGM grid
models characterized by the following parameters: M; = 1 TeV, M, = 1 TeV, m(g) = 800 GeV, tan(B)
= 1.5(left), tan(B) = 30(right).
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