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= ' Motivation and state-of- art

| + Standard Model extension + U(1)’gauge symmetry:

X new neutral gauge boson Z’

7'71'--'-’--1_'2_# Experimental searches: Z'— ¢+ £ (¢ =e, p)

+ SM couplings Z’-fermions as Z (Sequential Standard Model Z’)
Tevatron: m .. > 1023 GeV (D0), 963 GeV (CDF)
LHC: m .. >1140 GeV CMS and 1048 GeV ATLAS

+ String models: m . > 887 GeV CMS, 738-900 GeV ATLAS

Assumptions:

+No physics beyond SM. Z’ decays only into SM particles
+Branching ratios depending on masses and couplings

+ String models: one parameter, 0, characterizing U(1)” model

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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Our assumption: \ o

+ Z’ decays In supersymmetric particles are allowed.

+ Sfermion, Higgs, chargino, neutralino masses and branching
ratios are derived taking in account all corrections due to U(1)’?.

+ The new physics contribution will significantly decrease the Br into
SM particles ,then the mass limits have to be revisited.

+ Sleptons production in Z’ decays has an additional constrain m.,.
1. T.Ghergetta, et al. Phys.Rev. D57(1998) 3178.
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== /7 modelling:U(1)” models
= .5-.: ' + A” Z phenomenOIOgy Name ) value
| can ‘described as: i “’-‘f“’;[\/a e

v .

Z'(6)=Z,cos0 —Z,sinb Ze | AxcTan[VIS] -3 | -0.25
+ The charge of a generic Z | ArcCos \/_; ~3 |0
_ _ ZL | ArcTan|¥32| —% | -1.16
fleld (D Z;:R -z ] -1.57

O'(®) = Oy (P)cost — O, (D) sin6 DecaysS into SM particles only

+ Coupling 9,95, 9" (U(2),, SU(2), U(1)") o' = \/531.
g1 = grtan By 3

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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Extended MSSM+U(1)’ masse
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i + H rggs Masses
“—=% Athird boson is required to break U(1)’ and give mass to

Vi ‘1’1=(§:—)~‘1’2=({E}>~‘b3:¢3' v=/v]+13

+ Vacuum expectation (¢?) =v;/v2., trilinear scalar nntentjal
V3

for neutral Higgs bosons »; = 2.4¢269¢?  and H="r

+ After symmetry breaking: 6 Higgs (H*,A, h, H, H’)
diagonalising mass matrices:  Adyrs ( 2 ﬁ)
- 1+ sin” 2

my=——= — sin”
) AA;vs AT\ 47 sin2p 413
Mype = — + I—Ej My
sin2f3 g

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012



C “‘“Extended MSSM+U(1)’ masses®

+ Neutral inos masses

"“,':"-"f.;'.t_'_-_.j'_-_-..=BESIdeS 20 73 70 two extra neutralinos
associated with extra Z’ and H’.

=

+ M, .M, M’ are the soft masses of B. W3 and B,

( M 0 0 —%gm g1 0\
0 My 0 low Iewm 0
'l A ol ! o
0 0 M 01gv1 O)gv2 03873
Mz0 = —ze1v1 381 Oign 0 %&1‘3 %}L‘l'z
sern  —3&n 0he'n éf]ﬂ‘a 0 V%}L"l
! ol 1 3., 1
\ 0 0 O pAn A 0

Being Z’ and H’ neutral the MSSM chargino sector is not affected.

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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Extended MSSM+U(1)” masses
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o f:_i.- 2 o /. D-Term
== + "S;fe rmion /
2 — 0)2
ot (ma,\) ﬁm‘—g lel+Q’ﬂ=1+Q§1
(1)’ extension f ,
) NI MSSM Higgses to break symmetry gi(l) sggiirgledss()f
hyperfine splitting 99
» Mass eigenstates
(0 )
-\ (M)

Assuming a all squarks common mass and all slepton common mass at

Z’mass scale.
Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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+Forup down squarks the matrix elements vy 526,
[ME]_}I = [m } -|—m!,+ (% —%xw) m% cos2f +Q’ﬁlﬁrﬁ%@ m. and 0
- dependence in D-

{;WRTR}I — [n:J;R} —|—m5 + (E — EIW> m% cos2f +Q’ﬁﬂﬁrﬁ% term

(M) = mu(dy—pcotp).

+ ml _ masssquark at Z’ mass scale A, is coupling constant Higgs-

sfermion

+ The mass light quarks and slepton is small g2 ~~0 — .#;
diagonal. Weak eigenstates ~ mass eigenstates. Except stop .

h Th h T

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012



e Extended MSSM+U(1)

-y _.}.

: -: "’*SfermlOnS 1? Ve (€= e, ll.,T) q.
4'GaUglI’IOS EW=2Z.7
_+Higg5 h, A, H H* H’

+ Charginos #
+ Neutralinos 70 79 70
+ R-parity conserved, LSP 7}

+ D-term depending on U(1)’ sfermion charges and Higgs
vacuum expectation values—sfermion masses.

+ Some scenario are discarded due large negative D-term

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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S Representative Point
+StudyZ decay in a MSSM, U(1)’ point with these

parameterS: mz = 3 TeV ., 6 = B = arccos m-‘E—PEi . R
1=200, tanf =20, Ay =A; = 500 GeV ,

o _ 0 _ 0 0 _ 0 _ 0
Mg, =Mg, =Mz =Mz =Mg =My, =m" = 2.5 TeV

L e

M; = 100 GeV , My =200 GeV , M’ = 1 TeV

+ Gaugino masses M, and M, have to satisfy, gaugino

unification: i
1l 2 7

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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+Remarkable Dependence from D-term,

Masses:sfermion

m, initial
value

TEIE IIHS III-lEI

If negative and large— unphysical masses

+ M,

~

= omy o M = mg

+6~-n (2°,) unphysical for m;. =3TeV — discarded
Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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In this parameter space point.
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éﬁ N Masses : neutralinc

+Dependences from Gaugino masses : M;M’
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Heavy neuntralinos -~

*Dependences
of heavy neutralinos
From M’ and M.
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Masses : neutralinoGua

+Dependenc¢s from Gaugino masses : M;M’
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L/ et Masses: H 10 g S

+Dependences from 4, tanB,M. Aq
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Simonetta Gentile, Les Rencontres nysique de la vallee d"Aoste, 2012
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+Representat|ve

2 mgy, n, mg, g,
24994 24997 2500.7 1323.1
70 M50 50 50
94.6 1565 2122 2609
my, 14 Mg Mgy
90.7 1190.7 1190.7 3000.0
mj, mg, my, MMy,
3279.0 25004 3278.1 3279.1
M0 0 My Myt
25414 35414 1548  262.1
M
1193.4

BrSM ~ 77%
Br MSSM ~23%

Branching ratios

¢

¢

=
L
NN

Final state | BR (%) || Final State | BR (%)
> sl 0.00 07? 0.07
Y did; 40.67 079 0.43
S| 1356 073 0.71
3 ViV 27.11 bew o 0.27

X il 0.00 72 1x10°°
2 did; | 958 eye) 0.65
kil 0.00 Peyes 2.13
>, Vivs 0.00 bey o 0.80
wrwT | 1x107° ol 3x10°
HYH- 0.50 Peves 1.?5_\L
hA 3x 1073 Pey o 1.31
HA 0.51 2y | 4x107
ZH 3x 1073 pev o 0.25
Zh 1 %10 sxd 9x 107’
ZH' 0.00 172 0.00
H'4 0.00 0% 0.00
WEHT | 7x 107 n 1.76
F
¥

o2 o2 o _[:'f]
P HTHT R
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__ + I\/Iany decays into supersymmetric particles
‘f-;"-'--':;'-_-:_:1.-_;,_.-_.,_..-<memat|calIy forbidden(up squarks, sleptons,
H’ heavy neutralinos)

+ Final state leptons from cascade decays

las tres d




NN Z’ final state leptonsiy

.. ‘n’
|}

-
E

" 4Study of Z’ decays as function of v ¢ mass, in different
= 1Z production models, 0 :

S~ 4 Parameters in Z’ Models :

mz =3TeV u=200, tanfd =20, Aq= A, =500 GeV ,
mg =5 TeV ,|M; =150 GeV , M, =300 GeV , M' =1TeV

+ Z’ decays into squarks, H’ 22, %2 not kinematically allowed,
as for Representative Point

+ Determine MSSM scenario where v ¢ (and all SUSY -
particles) have physical masses after adding D-term.

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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+ The m|n|mal physical lepton mass

i B £ 0-12__2'. dneutrinos | I. e \_I T lefl""lq T“I‘:”
f”f-— 1 6 GeV. m? > 2.12 TeV. b Ny S
: £ 0.1~ g :\Ii:;l:al":\:
ﬁ* — {' i+ .FI_ NO é 003:— \l \\ ."".:' QE:HE—
. =1 | :
+ Z*’ — V) vif ~11% YES  oosti || .
213 TeV < m? < 2.59 TeV. R ]
— C \
r_, =0z0 0.02_— 1 —
+ -1 ~11% YES Pl W
+ ;E-F;E— i 5% YES 1000 1500 21)[}1|)1 2|500| 3000 350[}m?[él11{0]
0 - - - -
’[”Z’ | F"E : [f”fl : [mfz ] [”*w] [*”vz] my+=184 GeV my+=330 GeV| All
GeV] | [GeV GeV GeV GeV GeV
my= mg= Mg+= 1190 GeV.
\ 3000 \ 2200 1986 1745 1984  586.40 A HH g <——9/
H.?Zf Hii,;] Hij{g Hii,;] Hi‘ﬂl H.Ti;ju H.’jv{é] 111;? Ille

[ GeV] | [GeV] [GeV] |GeV] [GeV] [GeV] |GeV] [GeV] [GeV]
3000 136.70 193.20 210.10 330.20 2541.00 3541.00 91.10 3000.00
Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012




L/ SR ) L’ m Od el 9 \/5 /i 8

;/] )
+ The m|n|mal physical lepton mass

=
.
[ &)

L UL T 1T T 1 T 1T I 1t 1T
Z dneutrinos . . mime M;=4.0 TeV

L m= 16GEV. es212Tev SEENEE
SR e - o Sy
e = -'.-.___.,_-_-. -: —_—

Branching Ratio
=)
-y

% mms M;=L0 TeV

=
=)
%

o |
o o - | \
+ ' — v, vif ~11% YES oo '\ \ .
2.13 TeV < m? < 2.59 TeV oost 1| \ E
- C \
., =00 0.02_— 1 ]
+ ‘o1 ~11% YES Pt oL b o
+ ;E“‘;E_ s 5% YES 1000 1500 20[};)' ZISO[}I 3000 350[}m?[21;l11{0]
0 - - - - ' :
mz g omgmymy e [ 184 GeV ma.=330 Gev] All

NOT favourable to reconstruct charged slepton
masses

I‘ 3000 ‘ 136.70 193.20 210.10 330.20 2541.00 3541.00 91.10 3000.00 |
Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012




;;-;;-,N?Q Z’ . model,d =0
stituto Nazionale '« | | ““’
| x(./ Idit:isticaNNucleanl-el_ L ' w w
_ * : .F. ‘E‘F .;_ - 2% YES mzr H.’= _ my H.’g{ mﬁl, mﬁz,
ol — 0L [ GeV] Ge‘v [GeV] [GeV] [GeV] [GeV]
-+ L oord T 2% YES | 3000 | 1100 | 1529 29620 1526 292.90 |
'."--,.. -. R _._' et 3
s A 00% YES
T s ~10% YES
L' — XX
o l]_l]l—!— LI L T T T T 17T T T T '_k — = . —— LI _I T 1T T '=h LA
£ M keptdus e ERITY £ D027, Sneuthinos r I
~0.018— \ \ '\ —ru E‘F}wﬁ = 0.018— s\ \ — ::{EF;.IJ %e%'
=18 r v s - - .5 / = C L} -"l- e = '5 f
Z0.016 \ KN _\1‘=3 0 Tev S0.016 ¢\ O\ —\IE=3«IJT:T
= = '.. o . Mp=2.5 TeV = -  Mp=235TeV
=0.014 | — AML=20TeV 0.014F — ML=20TeV
i - \ e Mp=1.3 TeV = — M=1.5 TeV
20012 | '| — Mo=1.0 TeV 20.012F ==t Mo=10TeV
0.01 l'. \ = 0.01F —
0.008 | II'| = 0.008F E
0.006F | = 0.006F 3
0.004f "‘ 3 0.004F : =
0.002 \ g — 0.002 . ‘: —
Do L | [ | ! LA |‘.Ii [ | : :I L |‘| Ll Ll | ! :.L [ :
0 S00 1l]{l{l HI]l] 2000 ES{I{I 3000 hl]l] 0, 4[I{Iﬂ 0 S00 1000 liﬂﬂ l[lﬂﬂ l-wl]l] 3l]l][l 3‘5{}{]0 4l]l][l
a1l I-a\"1

Possible to study Z’ decay into charged sleptons
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“wimn M =50 TeV
= Mz;=4.5 TeV
[T 1] }IZ-:-“-.[' TeV
== M7=3.5 TeV
= M;=3.0 TeV
=i }IZ-:l.S TeV
— M,=2.0 TeV
= M;=1.5TeV
== M;=1.0 TeV

7 — it~/ ~1% YES
S + Z' — v,v;+ coupling suppressed
+ Z" _}-I _:'E ~19% YES 0.006

+ Z’—*/E a ~10% YES 0.004

0.002

0 008

Brdmhing Ratio

L1 1 i i 3 ¥ -:1 | |
500 l[}{][} 15[}0 2{][}{] 2‘0{] ’40{]0 ’H{}U 40{]0
m, '[GeV]

0

mz m; g, mg, My, My,
[GeV] | [GeV] | [GeV] [GeV] [GeV] [GeV]

3000 | 1000 | 1674 319.90 1672 1000 |

Possible to study Z’ decay into charged sleptons
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+ No mmlmal physical lepton mass

s Z’ xfﬂ— / suppressed

: + Z*’ — Vo V) NO

+ 7 — #0170 ~ 10%

+ 7~ e ~ 5%
iz FH? HJ'EI i‘”fz H:’ﬁl [ﬁ':’ﬁ2
[ GeV] [GEV] [GeV] [GeV] [GeV] [GeV]

3000 | 200 2131 20470 2130 2131 |
3000 | 1000 | 2346 1001 2344 2345

NOT favourable to reconstruct charged slepton
masses
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+ No mmlmal physical lepton mass

ft —-{+F_‘-" ~0.08
+mZ—+vv. NO
+ 7 — 7030 ~ 1%
+ 71 ~ 4%

1] - - - -
nize F”f }”EI F”fg F”ul Ha’uz ‘
[GeV] | [GeV] | [GeV] [GeV] [GeV] [GeV]
3000 | 200 | 2691 970.50 2690 3007

NOT favourable to reconstruct charged slepton
masses
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-+ The Sequential Standard Model is one of most

- used model for Z’ production and decay.

+ All Z’ couplings to fermions/sfermions are the
same as Z in SM

+ Detection SUSY particles depends only on m..
and SUSY parameters

+ No D-term
+ Important issue: NO parameter 6
+ Benchmark scenario

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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- |NMD minimal physical lepton mass 7 3 d I

:f';ﬂfé”fﬁff::ﬁ iy; + . ~ 204 SSM 7 mo e

NS
A 7! o~ ok ~30% mili:'l&ﬁl.[}ﬂ GeV., m+=330.0 GeV.

DSt ) i
A ~ 32% m,=90.70 my=mg= mg==1TeV

I

.
e

mp =200GeV, m,=3TeV

mzo= 129.20 Ge\ﬂmﬂ:l?&i GeV.m o= 232.30 GeV,mﬂ= 333.30GeV.

X1 A3
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e {u.ms:—( = M=t S TeY 2 0.035E 3 = My
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SV w— ML=3.0 TeV = - — ML=3.0 TeV
-H:'[I 014 miim ]"Il'=:-5-[ﬂ- S [I-{B: = HII-=:.:" TeV
= 0-01ar — My=2.0 TeV = - — Mi=2.0TeV
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Cross Sections

+ Vs Leadlng -Order, Parton Distribution Function

--_O 'CTEQ6L ,changing PDF neglegible impact on o.
Parton-level process analogous Z . qq — 7

Production depending on U(1)’ mixing:0, Z’mass
not on SUSY scenario
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' mmm What do we expect
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__\/S 14TeV N_. 13650 10241 9979 8507 8242 775715

“Lin=100 fbt 15 Ny, _ 62 414  ___ 65 24774
20  N.. 2344 2784 2705 2230 2146 19570
20 Ny, ___ 162 104 ___ 16 606
15  N.._ 523 599 400 317 30 2968

Vs=8 TeV | 15 Ny, _ 36 17 0 95

L =20 fo'= 2.0 N... 55 73 70 50 46 462

(run2012) | 20 Ngep 4 3 0 14

Ncasc= Sneutrinos+neutralinos+charginos, N =charged leptons decays

NO acceptance neither reconstruction cuts
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: +""SfUdiéd""Z"'production and decays with U(1’) gauge symmetry
= (and SSM) and Supersimmetry (MSSM)
~ + U(1)* MSSM:1 extra Higgs boson + 2 neutralinos

+ Taken in account D- term, assuming all squarks common mass and
all slepton common mass at Z’mass scale. D-term may be large
and negative.

+ Mass and br dependence : 6, W, tanp ........ Studied in a point.
+ cat Vs yo=7, 8, 14 TeV

+ Perspectives: analysis with hadronization, acceptance and detector
simulation is planned. Then, the implementation in HERWIG (or
PYTHIA) iIs necessary.

Simonetta Gentile, Les Rencontres de Physique de la Vallée d’Aoste, 2012
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