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MOTIVATION

e Test Family SUSY Models with definite signatures at
the LHC . oa)Tev  mj~0(10) Tev
e FS could solve flavour and CP problems so models

with underlying supergravity at High-Scale may be not
that ugly with light gluinos and heavy scalars.

e Reassess the importance of getting limits of SUSY
models using the Kaon sector at NLO QCD, despite
the uncertainties in the SM determination.

e Interesting LHC phenomenology (gluino decays)
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TYPICAL MASS RANGES
CONSIDERED




e Why? mg ~ O(1) TeV m; < O(10) TeV

e FCNC controlled by gluino exchanges— easier to pin-
down flavour structures: need to worry just about kaon

sector o .

AF =2

.
| o
kY Ak
A
| o

o If m;> O(10) TeV It gets difficult to probe flavour

structures

e As it happens often in PP similar features have been
considered with other motivations
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e Gaugino Anomaly Mediation
Symmetry Breaking

M;, mo=~0= A
o G2-MSSM models

M; = f3/2m3/2(1 + A;) = 0.1mg, mo = Ay = ms/2

v

e U(2)-FS SUSY models (achieving
orders of magnitude splitting
among first two heavier scalar
generations and a lighter one )
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e Gaugino Anomaly Mediation
Symmetry Breaking

M;, mo=~0= A
o G2-MSSM models

M; = f3/2m3/2(1 + A;) = 0.1mg, mo = Ay = msz /2

v

e U(2)-FS SUSY models (achieving
orders of magnitude splitting
among first two heavier scalar
generations and a lighter one )

Somewhat
heavier
my
than what
we want
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e Gaugino Anomaly Mediation
Symmetry Breaking

M;, myg~0= A

o G2-MSSM models

v

M; = f3/2m3/2(1 + A;) = 0.1mg, mo = Ay = ms/2

e U(2)-FS SUSY models (achieving
orders of magnitude splitting
among first two heavier scalar
generations and a lighter one )

Somewhat
heavier
my
than what
we want

In our set ups
we are
interested
in the case of
three
scalar families of
the same order
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Our ScenanO [Kersten & L.V-S in prep.]

High Scale
e Gaugino masses  ma2 ko(l1+Au), | Mo > My, Ms, |k, <1
A
* Scalar masses M3/2<0(10) TeV. | Necessary to achieve
e Trilinear masses  ms)» | agood value of my,
e tan 5 small
EW Scale

My, N Mg~ 2mz O(ms/2)
900GeV < my < 1800GeV
4 < tan B < 20
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Where could it be found?

e Effective supergravity scenarios coming from string
compactifications where the overall modulus, and not

the dilaton, gives the main contribution to gaugino
masses

BRIGNOLE & IBANEZ
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IMPORTANCE OF LIMITS
FROM KAON PHYSICS
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SM

*

s Vig Wovigd __ exp(in/4) Im{ K| HGS | K) A (Kp, — (7))
" " V2 Amp A(Kg — (1) 1=0)
{t,c,u} Mt c,u} |
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d de - Vi s |
et 1 ImAy — 284010 4
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€ = (2.228 4 0.011) x 1072 x “3-5%07 " 0 < Re(e'/e)su < 3.3 x107°
NNLO| __ -3 /
€ | =(1.90+0.26) x 10 Re (E—) = (1.65 £ 0.26) x 10~°
Am32 = (3.14+1.2) x 107" GeV. €/ cap

[Brod, Gorbahn, 1007.0684]
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SM

*

s Vie W Vigd __ exp(in/4) Im{ K| HGS | K) A (Kp, — (7))
g g \/§ AmK A (KS — (7T7T)]:0)
{t7 C? u} A{t7 C? u} 5
1V Ve A2 = (r(0.2) Har -l K)
d V. _ V.S
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9 7 * * 2 m
(K2R o 2VievigVigVie © (0 _%2) o(l)

) Myv Mw contributions
cancel (GIM
mechanism)

€ =(2.228 4 0.011) x 1073 x 35077 0 < Re(€/e)su < 3.3x 1073
NNLO| __ —3 /

€ | =(1.90+0.26) x 10 Re (5) = (1.65 £ 0.26) x 10~°

Am32 = (3.14+1.2) x 107" GeV. €/ cap

[Brod, Gorbahn, 1007.0684]
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SM

s V- W_\/rl;d

exp(im/4) Im({K°| H57=2|KY)

K.7/18

> JS € — \/7
2
{t,c,u} Mt c,u}
> ca—
d Vid - Vis 3 s
= \/§ Rer

Im(K°|HA3=2|K°) o
€ =(2.228 4 0.011) x 1073 x 35077

VOl = (1.90 £ 0.26) x 1077
Am;P = (3.14+1.2) x 107" GeV.

[Brod, Gorbahn, 1007.0684]

iszjSvizvjdvi S (ﬁi’ m%)

AmK

A0,26i50’2 — <7T7T(O, 2)‘HAF:1|K/>

ReA, Due to the
(ImA2 ~ Re4, ImAO) unitarity of V
O(l)
Mo WW contributions
cancel (GIM
mechanism)

0 < Re<€//€)5M < 3.3x107°

€

/
Re (6—) — (1.65 4 0.26) x 1073
exp

Very large hadronic uncertainties but in
some SUSY models, contributions
could be fairly large
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SM

$ \/J-S W= \/ﬁ; d _exp(in/4) Im(K°|HG"=*|K°)  A(Kp — (77)1=0)
g — R Ami ~ A(Ks — (77)1-0)
{t7 C? u} A{t7 C7 u} 5 /
< \/ \/% < 14()726Z 0.2 — <7T7T(0,2)"HAF:1|K>
d Jd W= lS ? ei7r/4 1 Re A Due to the
¢ = (ImA — ’ImA )
V2 ReA ° Redy ' unitarity of V
Im(K| HAS=2|K0) o« 2 VieVigVid Ve 5 (225 m3) O(l)

) MW M2, contributions
cancel (GIM
mechanism)

e = (2.228 £ 0.011) x 1072 x 32077 0 < Re(€/e)su_< 3.3 x 1073

LO| -3 /
¢ | =(1.90+0.26) x 10 Re (E—) = (1.65 £ 0.26) x 10~°
me> = (3.1£1.2) x 107" GeV. €/ eap

Very large hadronic uncertainties but in
some SUSY models, contributions

[BI"Od, Gorbahn, | 0070684] could be fairly Iarge
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® As itis well known SUSY has plenty of CP violation

. . /4
sources so contributions to Amg, € and € can be

H:I:
Vig ¢
A q];
————— <----- " '<
H* \/is €
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X" qi
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i i
- -
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+
d; X qi
- : - : -
Qi ¥ A ),
) ) g
q Xi J
(d)
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® Given the uncertainties *, is there a point in using Amg

e and €’ as constraints for the models under
consideration?

e Yes, because of the sensitivity of these parameters to

physics BSM
Arkani-Hamed & Murayama ph/9703259
Arkani-Hamed, Dimopolous, Giudice &
Romanino ph/0409232
Giudice, Nardecchia & Romanino ph/o40932
Kadota, Kane, Kersten and L.. V-S. 1107.3105

SUSY contribution can go well beyond
experimental limits

*Hadronic, long distance, experimental determination of CKM parameters,
etc.
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® | imits on\/f{e(éilg)ig from

2 r2
— B
Amy = 2Re (K°|HAS=2K)|= Crl fé;'ff B Re[X],
— [ ViaVis) S(xt)ntt + (VCZVCS)QS(xcmw + 2(VegVes) (VigVis) S (4, T )i
+C55(25)]

e Limits on VIm(6%)%5 from

G%’f;?kak
672

m (KO HAS=2 K )| =

Im|X]|

e Limits on m(0%)3, and Im(0%)%. from Re(c/e)
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

_ (M2)ij + (M7)is + Dy, —(ag, v + p* tan? B(My),;)
—(aj,0p + ptan? B(M7)y;) (M2 )y + (Mf)y; + Dy,
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

M2 MA 54). — (Maxy )i
(M2 = [ Y ] Oxv)iy = —7= —
f MLR MRR i \/<mJXY)ii(mJXY)jj

_ (M2)ij + (M7)is + Dy, —(ag, v + p* tan? B(My),;)
—(a}, vy + ptan” B(M7)y;) (M3 )i+ (MF)i; + Dy,

—(ptan Bmy,, + a12v4) _ Az(ms, mp)€e” N (M, myp )€ 102

V) 1i2)os (), T
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

2 27 (M2 )i
(M2)y; = [ s ] s ==
Mir Mpgp |,
_ (M2)ij + (M7)is + Dy, —(ag, v + p* tan? B(My),;)
—(a}, vy + ptan” B(M7)y;) (M3 )i+ (MF)i; + Dy,

(5%]_-{)12 _ _(,u tan 5mf12 -+ a12vd) _ Aj(ms, mb)er

V) 1i2)os V021 (722

Test FS /
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LIMITS FROM

Amy = 2Re (KO|HAS=2K)

e Importance of NLO QCD Corrections

5 3
HAT=2 = Z C;0; + Z C;0;,

mj; — Mg — My ...

| K 0 0
11 0 IC 0
11 IC 0 0
IV 0 K K

— 2GeV
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

My(TeV) NLO K=03 ] ] ] ]
\ (512)LL (512)LR (512)RL (512>RR
. K 0 0 0
: II 0 IC 0 0
15 i K> 0 0 IC
: IV 0 I IC 0
: VIA _ 1
10, (K°|Q1|K Yyia = gMKf?(
r _ 1
K’ K% = —MyxfiB
s o o a LY (K| Q1 ()| K7) s Mr fi Br(p)
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

my(TeV) NLO K=0.3
(0%)er (0%)er  (05)re  (0%5)Re
20 \ I K 0 0 0
: LO 11 0 K 0 0
5 T K > 0 0 K
ﬁ IV 0 K K 0
, VIA _ 1
10, (K°|Q1|K Yyia = gMKf?(
_ 1
L my(TeY) (K°|Q1(w)|K°) = gMKf?(Bl(M)
0.8 1.0 1.2 14 1.6

Somewhat similar to Bagger. Matchev, Zhang ph/9707225
Contino & Scimeni ph/9809437
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LIMITS FROM | Amk = 2Re (K| HE 2K

e Importance of NLO QCD Corrections

My(TeV) NLO K =0.3
(0%) (0%)er (0%y)re  (02) Rr

2 \ I K 0 0 0
: LO 11 0 K 0 0
15, <1 K > 0 0 K
: IV 0 K K 0
: VIA _ 1
10, (K°|Q1|K Yyia = gMKf?(
r _ 1
K° K% = “Mxf2B
‘ 08 Lo 15 4 s my(TeV) < ‘Ql(ﬂﬂ > 3 KfK 1(#)

Somewhat similar to Bagger, Matchev, Zhang ph/g707225 VIA
Contino & Scimeni ph/9809437

Here two heavy generations
O(10)> a lighter one
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Extreme value K=0.3

06 08 10 12 14 16
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e At NLO
Mg \/Re(5ii2)%1; \/Re(dig)%z% \/Re(djg)%% \/Re(dig)%m
5 TeV 0.2 1. x 1071 1. x 1072 2. x 1071
10 TeV 0.5 0.5 1. x 1071 1. x 1071

Table 1: Limits on Re(d{y) ap with mz; = 900 GeV.
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e At NLO
Mg \/Re(5ii2)%1; \/Re(dig)%z% \/Re(djg)%% \/Re(dig)%m
5 TeV 0.2 1. x 1071 1. x 1072 2. x 1071
10 TeV 0.5 0.5 1. x 1071 1. x 1071

Table 1: Limits on Re(d{y) ap with mz; = 900 GeV.

Partial answer for FS models

Tipycally

(07 R)12 ~

Abelian

(mg, mp)€”

~ 1072

fm3/2
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e At NLO
Mg \/Re(5ii2)%1; \/Re(diiz)%z% \/Re(djg)%% \/Re(diiz)%%R
5 TeV 0.2 1. x 1071 1. x 1072 2. x 1071
10 TeV 0.5 0.5 1. x 1071 1. x 1071

Table 1: Limits on Re(d{y) ap with mz; = 900 GeV.

Partial answer for FS models

(mg, mp)€”

fm3/2

~ 1072

(07 R)12 ~

Tipycally Abelian Non-Abelian
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LIMITS FROM

Im (K°|H53=2|K)

mg | VIm(6%)3, | VIm(6%)3 x| VIm(0%)%, | vVIm(6%)% R
2 TeV 6. x 1073 3. x 1073 4. x 10~% 6. x 104
5 TeV 2. % 1073 9. x 10~3 8 x 104 2. x 1073
10 TeV | 3. x 1073 3. x 1073 2. x 1073 4. x 1073

Table 2: Limits on Im(6{y) ap with mz; = 900 GeV.
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LIMITS FROM

Im (K°|H53=2|K)

mg | VIm(6%)3, | VIm(6%)3 x| VIm(0%)%, | vVIm(6%)% R
2 TeV 6. x 1073 3. x 1073 4. x 10~% 6. x 104
5 TeV 2. % 1073 9. x 10~3 8 x 104 2. x 1073
10 TeV | 3. x 1073 3. x 1073 2. x 1073 4. x 1073

Table 2: Limits on Im(6{y) ap with mz; = 900 GeV.

Here: Model dependent answer to FS
because of the phases in A terms
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RELEVANCE AT THE
LHC
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pp— 33, XiXi, XiXi

e Typical decays

Primary g = Xoft
SR
- X144
— ()’Zfdu + h.c )
Secondary

Xo = XaW* = xilv, Xxiqq
Xi — v, xqq
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pp —

e Typical decays

Primary

Secondary

dd, XiXi» XiXi

Nay
=< | <
= oI O
S ~~
S S

¢£_|-

O
f_'-
O

%
0 - X
— X149
— ()’ZICZu + h.c )

Xo = XaW* = xilv, Xxiqq

XT = X = XY, xlqq
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Pre-LHC

6 - E CUT 200 GeV
5 -
T~ _ —1
Fa 4 -~ L <200pb
> :
I
o :
5 -
2 -
| ;%ﬂ 10 TeV
T Rt / L < 800pb~*
75 600 650 700 750 800 850 3900 950
mg[GGV]
7/ TeV

Feldman, Kane, I.u & Nelson, 1002.2430 (G2-MSSM)
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LHC (ATLAS SEARCHES)

6
SEE M D JORGENSEN TALK
5 —
g 4 _ L < 200pb ™"
T
RN
N
S
2 -
o 10 TeV

| R T

: %o ‘:.:ﬁt:.&x.o.::.:.:}“": co o

580 600 650 700 750 800 850 900 950
mg|GeV]

7/ TeV

Thursday, March 8, 12



e Depending on Am, = xE — y°

Could be degenerated, depends on the Az, — M,
splitting
Xi N XO’]T:I:
Soft pions displaced vertex

Ay, <m;, — 10m
A, Z2m; — 0.1m

CHEN c.-H., DREES & GUNION 9607421
BUCKLEY, RANDALL & SHUVE, 0909.4549

CDF dedicated study

In the models at hand one needs to first detect gluinos
and then track down the chargino decays
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RECAP

® | HC is already setting limits on models with light
gluinos and heavy squarks

® |n this work, we wanted to understand still the
Flavour Problem with out too many
complications

® Stressed the importance of QCD corrections in
the Kaon sector N

® Ready to set limits on m; and FS parameters
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