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ASimple (toy) Model

P 3 Minimal Extensions of SM 7

+ Flavor Constraints

i il iy -

s Electroweak Precision Constraints

e g s iy e

3 Anomalg~1cree

. Vector-like fermions -

g EER

+ Electroweak triplet (1,%) 4 : W (Dirac)

and. singlet 1,0, : X (massless Wegl)
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+ An additional Uy symmetry
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r .2 Most general renormalizable |Lagrangian

Lren = iw’YUJD,uw — My WW + iX()Lﬁlua,LLXOL

_f s In electricfcharge basis :

wl — iw? A L 3
.' )= y CQfias ) Wo = W
| o5 \/§ \/§ !
- -& Dimension-5 operators :
l Oél) == HTH ngwg 0(4) i ng,uV wRTO-'u_V :
|
r OéQ) seabe prtary wa < (’)S) L Wa wRTU“O Wy
| : a |
Oég) — HioH v X0, Oé = 92 W Wi 015 Xov
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| -» Most general renormalizable Lagrangian

»Cren o 1@’7/’UJD'UJCU — T, Eles o iXOLE'UJaIUJXOL

{ & In electri&charge basis :

W S o S AL g = 1
g

|

-2 Dimension-5 operators :
O = HH w&lw?
OéZ) — e HigH wllwt

o = Hl's"H w X
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7 & Most general renormalizable |agrangjan

Eoen— 100 Dy e NG @ O e

! 3 In electric—-charge basis :
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@ W, Decays
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@ W'z Decays
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1

»  Simulation

s Lifetime in lab frame

+ Mean-transverse distance : Lt = Lo

pp— wi(wW)+ @
w_(wW’) + wy
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.3 Collider Signatures

(i) Long-lived charged particles

(ii) Displaced WW + MET |

(iii) Prompt WW + MET

(iv) Prompt W h+ MET and
Prompt WW + MET

(v) Displaced W h + MET and
Prompt WW + MET

(vi) Displaced W h + MET and
Displaced WW + MET

(vii) Displaced hh + MET
(viii) Pure MET
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& Regjon (jif) : Prompt WW + MET

- - (viii)
ol [ i) | B WIS the NLSP,
| . 100 gl (i) |
g S = Wy clecags Promptlg (To<1mm).
; 04 el 3 i
.a 1 3- + Visible Final States Proml:)t WW |
| 10 |
i L0 serl 02 s 105 2000 2 102 :
Ny [TeV] |
| -2 Dile]:)ton signatures
i (alwags opposite sign)
{ + mT2 searches
; arXiv:1208.2884 (ATLAS), arXiv:1301.0916(CMS) |
1 +  Contribution to WW cross-
section. j
R o e e e s R . N i — R
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| & Regjon (iii) : Prompt WW + MET

| w i)
108 1 :
| i+ W, is the NLSP.

W, Aecags Promptlg (To<immi

+ Visible Final States - PromPt WW

& Dilel:)ton signatures

e A

(alwags opposite sign)

| + mT2searches y

! §W+ §w+ arXiv:1208.2884 (ATLAS), arXiv:1301.0916(CMS)

E e T +  Contribution to WW cross- |
1 M f | xf section.

| @ (d)
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& Reglon (\/l)

(viii)

(vii)

Disolacecl W h +MET
Displaced WW + MET

b

+ Allw clecag to Xpn a single steP.
+ Both Wq and W, are |ong~|ivecl.

+ Search for displaced Higgs.

W (W)
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.» Displaced I9g5 (clecags inside 1D)

EE T P it

S E b Higlﬂ y Aisplacecl bjets.

{ s h—>njets+ X (n > 2): tracklessjets :

use triggers for hidden va”eg DA ELEAS,
B oag. h—>bb h SWW*: sdier b2 h — 77 — 8

> h—onl+ X (n>2): Disl:)laceci Dilepton

Resonance Searches [CMS : arXiv:1211.2472]

| 3 h = £+ njets + X: DiSPlacecl Lepton + Jets (RPV

Sea TChCS) [ATLAS-CONF-2012-113]

% h — vy or vZ: Displacecl cliphoton resonance

- - i
- ——— - E— - — ——
IR [ B s T T L R T e
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& 'Di.sljlacécl Higgg- (clecags inside CAL)

> ATLAS triggers for |ong~li\/ecl neutral Partic‘es that
clecag inside HCAL.

i il iy -

|ATL-PHYS-PUB-2009-082]

. - Displaced Higes (&ecags inside MS)

: +  Hidden va“eg searches : h = my o

[ATLAS : arXiv:1203.1303 ]

|
| + Reduced signal emcﬁciency due to wrong bunch

Cross| ng identification.
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Conclusion

| HC should look for
displacecl Hhewrs -
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s=7TeV,L= 511" \s=8TeV,L=12.2 10"
ATLAS Preliminary } my = 125.5 GoV CMS Preliminary m,, = 125.8 GeV

W.,Z H — bb  H-—>bb (VH tag)
\s=7TeV: [Ldt= 47" 5
\s=8TeV: [Ldt=13b" H — bb (itH tag)

H—- 1t : :
\s«7TeV: [Ldtw 461" : H — tt (0/1 jet)
\s=8TeV: [Ldt= 13 10" '

b WWO o b H — v (VBF tag)
\s =8 TeV: [Ldt= 131 ' H — <t (VH tag)

H— ,
\s = noqmu.sﬁ' H— yy (untagged)
Lat

\s « 8 TeV: « 207"

H—zZ" > 4l H— vy (VBF tag)
A i H— WW (01 jet)

Combined W =143+0.21 H— WW (VBF tag)

\s=7TeV: |Ldt=46-481b"

A e H— WW (VH tag)

1 0 H—ZZ

_ > 4
Signal strength (u) Best fit o/oy

M
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I l l l | T
ATLAS Preliminary  m = 125.5 GeV

W,ZH - bb CMS preliminary
o= 7w - a7t Vs=7TeV,L=5.11b "

ool (s=8TeV,L=19.6b "
\s«7TeV: [Ldted b’

\s=8TeV: [Ldt= 13 10"

H—WW" = viv

\s=8TeV: [Ldt=131b"

H- vy
\s«7TeV: |Ldtw 48"
\s =8 TeV: |Ldt« 20.7 b

H-zZ" > 4l

\'3 w7TeV:|Ldt« 46 bd
\s=8TeV: |Ldt«20.7 b’

Combined u=143+0.21
\s=7TeV: |Ldt=46-481b"
\s=8TeV: JLdt=13-207 "

| |

Signal strength (u)
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M, = 140 GeV

———— o ——

Vs=196TeV | /s=7TeV | /s=8TeV | /s =14TeV |

| Tevatron Run | LHC Run LHC Run LHC Run
pp(P) — wow—_ 0.16 pb 0.61 pb 0.78 pb 2.01 pb
pp(p) — Wowy 0.16 pb 1.23 pb 1.52 pb 3.45 pb
pp(P) — wow 0.16 pb 1.23 pb 1.52 pb 3.45 pb

| pp(D) — wWow'_ 0.16 pb 0.61 pb 0.78 pb 2.01 pb

| pp(P) = wiw_ 0.22 pb 0.91 pb 1.14 pb 2. 14mh

| pp®) > oW 0.22 pb 0.91 pb 1.14 pb 2.74 pb
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| % Region (i) : Long-lived charged Particles

! s P I i e A e e, AN

- - (viii)

i | - (vid) T W, Is |ong~|ivccl (To>o0

[ + W, is the NLSP (or co-NLSP).

, +

1 + Searches for long—Jivecl

131 10 G020 103 290 25107 5

~; Ay [TeV] chargecl Partlcles :

, TV EHC=" /X5 =100 eV

o + Decays inside muon tracker.

; 0.1 arXiv:1211.1597 (ATLAS), arXiv:1205.0272(CMS)
g S + Disappearing tracks.
g arXiv:1210.2852 (ATLAS)

. 0.001 Inner Detector

2 (ty > 0.1 mm)
8 @ |- ECAL
g 104 | HCAL P :
: | - Muon Tracker | i

05| o OusideDetector {f
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108 L

—10 |
>

(D]
E, 100 prmmmsant

f < 0°f &

104

B e g, e R e i Bt . s e b VAT 8 oy, 1 4 ks g

. Regjon (1) - Displaced WW + ME

W, Is the NLSP.

W, Is semi long-livecl Geooen

cm).

Visible Final States Displaced WW

+ Possible signatures?

+ Displaced |<3Ptons/jets

+  Kinked tracks.
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| - Region (1) - Displaced WW + ME

W oy, e Ty ey ey _

L (viii)
| “i v W, is the NLSP,
{ < 10 2015 seml long-hvecl =019
| 10*
| & cm).
! s 105 100 1 £
l A, [TeV] e : : E
2 + Visible Final States - Dlsplaced WW
! g :
| . W o ’ ’, !
1 + Possible signatures? |
%
| " + Displaced lel:)tons /jets |
| %+ Kinked tracks. I;.
|
i ) (d) i
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52.4 £ 2.0 (stat) £ 4.5 (syst) £ 1.2 (lumi)

. . / . . .
m SM prediction % Uncertainty . h - WW . All EWinos = All EWinos x 5

ce= PP o Xi1TX1 cem PP - Xx1x% wm= PP > x1°x°% wam PP - X%1x% <o pp - x"x°%

> >
Q 0]
0 5}
o o
— —
~ ~
b hus

60 80
pr(Ll) [GeV] pr (LL) [GeV]
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/10 GeV
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4 & Reglon (lv) Prompt W h+MET

II 107f | —

D PromPt W W MET

e - (vii)

] + Allw clecag to Xpin a smgle steP Promptlg

pams CO”IC‘C!" ]Z)OUHCIS on W I"'l PT’OCIUCtIOﬂ 5

e T T e i T T e
. i |
SR

e S T e

1
] .
i 2 X SM. [ATLAS-CONF-2012-161, CMS-PAS-HIG-12- 044] ' -
|
A lORec 102 =10 107 107 ; |
1 A, [TeV] + Exclusion: mw < 200GeV |
? '
W) '
3
i
_‘¢
- :
] \ -
- — W=(W+) R
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10?

1
| —_—

| & Region (v)
; 0%F :

(viii)

A, [TeV]

(vii)

10*

PromPt W W= NAE T

+ Allw clecag to Xpin a single step.

e b lifetime : O.1-1 mm (Phase space
suPPression) but w, prompt.

+ Reduced ]:)—-tagging e%ciencg.

W W)

W (W)

e T SNSRI e R R L PR
: . . 3
. i |
i SR

e

Thursday, May 2, 13






109,

: .
e -—'hh'lﬂn—'.“.-.l-—.-_ "y
- ,

108,

e ol . i i S iy, e e .t . e e i v 2 e, LN

102

1
{ —_—

(viii)

® Region (vii) :  Displaced h h+MET

A; [TeV]

(vii)

10*

(a)

£ Chargecl w clecag to W, instead of Xo-

& Displacecl cli-Higgs Procluction.
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