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1. Direct production of new particles

Probe for m_, decay mode, mass of the daughter particles, ...

2. Precision measurement of the hgg and hyy couplings

Probe for m_, hPP coupling

3. Decays of these new particles into a Higgs + X
pp — (NP)(NP) — (hX)(hX)

suol+dwnsso fuaua}}iq

Probe for m_, hPP coupling, ...

See for example
Giddings, Liu, Low, Mintun, 1301.2324
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1. Direct production of new particles

Probe for m_, decay mode, mass of the daughter particles, ...

For this talk

2. Precision measurement of the hgg and hyy couplings

Probe for m_, hPP coupling

3. Decays of these new particles into a Higgs + X
pp — (NP)(NP) — (hX)(hX)

suol+dwnsso fuaua}}iq

Probe for m_, hPP coupling, ...

See for example
Giddings, Liu, Low, Mintun, 1301.2324
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Indlr'ect probe of Naturalness

recent studies:
Farina, Perelstein, Rey-Le Lorier, 1305.6068 ' |
Craig, Englert, McCullough, 1305.5251 |
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[Na’rumlness} :} Higgs pheno < __) QED (QCD,)

/ beta functions
ffffffffffffffffffffffffffffffffff * Low energy Higgs theorem
Ind"‘eCt prObe Of Naturalness | Ellis, Gaillard, Nanopoulos, 1976

recent studies: Shifman, Vainshtein, Voloshin, Zakharov, 1979
Farina, Perelstein, Rey-Le Lorier, 1305.6068 ' |
Craig, Englert, McCullough, 1305.5251 |
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beta functions

Low energy Higgs theorem

Ellis, Gaillard, Nanopoulos, 1976
Shifman, Vainshtein, Voloshin, Zakharov, 1979
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Size of the corrections: O (
mnp

) ~ 5% (dimension 6 effective operators)




ﬁMMced couplings in the SM

s

a pura &
c hG®,G"* + c,

“12mv

o)
At the LO: ) %Xi
(SM) __ § " Y
Cq T4 (A1/2(Tt) + A1/2(Tb)) \
C,(},SM) = Ai(tw) + NCQfAl/Q(Tt)
T; = 4m?/mi *hqx




ﬁMMced couplings in the SM
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At the LO:

3 S ~
cg ) = L (Ap(n) + Ap(n))

4 v
chM) = Ai(tw) + N.Q7Aq/2(7) \
T = 4m?/m’ — o - .
‘ \

\j
Sizable higher order corrections (computed at N°LO)
11 o 2777 67 (19 N 27 (as)?
| (SM) s f M s
| C = 14+ —— —— — Ny— log — | | — oo
- "9NLO e T | oss f96+<16+ 3) gmf](w) +
= 1+ 0.09891 + 0.00796 + - - -

Djouadi, Spira, Zerwas, 1991

Dawson, 1991

Spira, Dawson, Graudenz, Zerwas, 1995
Kramer, Laenen, Spira, 1998

Chetyrkin, Kniel, Steinhauser, 1998, ...

4 Smaller NLO corrections to hyy coupling




Assuming no exotic Higgs decay, contributing to the Higgs width
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effects

® Low energy Higgs theorem at 2-loops

Kniehl, Spira, 1995
h Ba 1 o0
Corp = B 1 — G2 Qo= log m(v)?
A SMT gy K a; 1+, 0logwv gm(v)
ﬁ(f ) a, a, QCD beta function
== = Orbip=T(f) {1 + — [5C2(G) + 302(f)]} Ba, = Oa/0logp
Qg 27 41
Ym = —0logm/0logu
B s Qs o o
= = Jdrbo T(S) {1 + [C2(G) + 602(5)]} Mass anomalous dimension
Qg 27 2 4
Aqi2(T) — bijpp = 2.5
Ao(T) — b() :%
® Keeping only LO corrections to the hyy coupling
h 1G] 9]
T — £e) —F, Frvoem log m(v)?
ik sm 8v " Qem Ologv gm(v)
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SG, Low, 1307.0496
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¢ NP models (hgc

Susy, stops
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See also Carena, SG, Shah, Wagner, Wang, 1303.4414
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Susy, stops
s -0 1)

SG, Low, 1307.0496
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ATLAS Preliminary

— =mem Observed limits

- wnn Observed limits (-1oy,)

Expected limits

b7 W
&

—
—a
]
-
-
—am

(0
8

-

|IIII|II".l!|||||IIII|IIII|I|II|I|II|IIII|

-
{}L,E—:.t;.r
R

d—= 17
ot f-whz’
oL, rhﬁ :m;:"lE-GeU
1-2L L, =Dy, m =106 GeV
1L,5_;n:£,my,i15m3ev
2LT,—b%, m.=m;-10GeV
oy L
1-2L, T, = b7, =2xm.
= i

5

- R

—

-1 =
L, =20-21fb"{s=8 TeV
OL ATLAS-CONF-2013-024
1L ATLAS-CONF-2013-037

2L ATLAS-CONF-2013-048
OL ATLAS-COMF-2013-052

1L ATLAS-CONF-2013-037
2L ATLAS-CONF-2013-D48
1L COMNF-201 3-027, 2L CONF-2013-048

~ 0
’[1—}’[351

/T~ Wb%, ’

Ly, =47 b7 fs=7 TeV _
OL [1208.1447] -
1L [1208 2580] -
ZL [1200.4186] ]

2L [1208.4305]. 1-2L [1208.2102]

1-2L [1209 2102




T, production Status: LHCP 2013
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¢ Squeezed scenarios difficult
for the LHC

mi — My S 25 GeV

See however
Alves, Buckley, Fox, Lykken, Yu, 1205.5805
Han, Katz, Krohn, Reece, 1205.5808
Kilic, Tweedie, 1211.6106

¢ Possible exotic stop decays not yet studied by the ATLAS and CMS collaborations

Example: t; — T U.b

First bounds come from recasting the
Tevatron/LHC measurement of o(pp — tt)
with (1+l) and (T+jets) final state

>80% branching ratios are
already excluded if m; ~ m;

Carena, SG, Shah, Wagner, Wang,
1303.4414
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‘ I See also
SUSY R STOUS Carena, SG, Shah, Wagner,
1112.3336

r=0, tanf=30
500 [ g L o s
400 1 Important constraints
' 4 on the stau parameter
g 300L S pClce
.
200 — -
100 — w B .
-150 -100 =50 0 50 100 150 X
Xz ms ,—TH
M2 ~ < mi, +mi+ Dy m.(A; — ptan ) )
SG, Low, 1307.0496 "7\ m(A; —ptanB) my +m2+ Df
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#HHMS direct searches

* LEP bound on the stau mass: Aleph, 0112011
~ 90 GeV in the case of no degeneracy with the lightest neutralino

® CMS bound on long lived staus: 339 GeV
1305.0491 (7 TeV, 5 fb" + 8 TeV, 18.8 fb-1)

® ATLAS: searches for staus NLSP produced from gluino & squark cascade decays.

Up to 4 leptons (at least one 1), jets and missing energy signature. ATLAS-CONE-2013-026

* CMS & ATLAS multilepton searches YT — ¥°W, £0, v, Xo — X1 2, 7]
> 2 leptons + MET final states And also limits on sleptons produced in cascade decays

CMS: SUS-12-022, SUS-12-026, SUS-12-027 (old @7TeV: 1204.5341)
ATLAS: ATLAS-CONF-2013-035 (old @7TeV 1208.3144)

~+ ~ ~ ~0 ~
* ATLAS 2t + MET search X — TU, TV, Xy — TT
ATLAS-CONF-2013-028 7 — (7Xx7) (TX3

Improved strategies to look for light staus? J
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pp — 71|V (— W) — €77 + MET ]

i jemm sneutrino ~ 270 GeV:
W Ty T1 . ~
. 15 tb (8TeV), ~40 fb (14TeV)
AVAVAVAVAVAVY
S
~2~
q R
Main backgrounds:
PW+Z/y*

* WHjets (with jets faking taus)

jet rejection factor 20-50 for loose hadronic taus (id~60%)

Basic cuts for the 8 TeV LHC: 2500
pr? > 10GeV, AR > 04, || <25
pt. > T70GeV, Er > 70 GeV
500 5

ighal X

1

+jets

'-M-m-m

Carena, SG, Shah, Wagner, Wang, 1205.5842

Production cross section for staus at ~ 95 GeV

0
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300 400

GeV
500 oo P
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sociated production

pp — T1[V-(— WT)] = 77 + MET ]

Carena, SG, Shah, Wagner, Wang, 1205.5842

W% Production cross section for staus at ~ 95 GeV
q D_mmms sneutrino ~ 270 GeV:
w ;T ~15 fb (8TeV), ~40 fb (14TeV)
AVAVAVAVAVAVY
A
‘S
q "
Main backgrounds:
W+ Z/y*

* WHjets (with jets faking taus)
jet rejection factor 20-50 for loose hadronic taus (id~60%)

3000 Hard tau veto:
Basic cuts for the 8 TeV LHC: w0 pr < 75 GeV
pr9 > 10GeV, AR > 0.4, |n| < 2.5 Tl weers
pgw > 70 GeV, % > 70 GeV 1000 --_
< SighalX1 M
0- 100 200 j)-ou-l-%ﬁm 500 coo PV
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Carena, SG, Shah, Wagner, Wang, 1205.5842

pp — 71|V (— W) — €77 + MET ]

W% Production cross section for staus at ~ 95 GeV
q O yemms sneutrino ~ 270 GeV:
W 7’ T1 . ~
’ 15 tb (8TeV), ~40 fb (14TeV)
’\MNV\"
A
L 3
A ..‘
LHC 14TeV

Total (fb) | Basic (fb) | Hard Tau (fb)

Signal 1.6 0.26 (0.1D

Physical background, W + Z /~* 27 0.32 <1073
W + jets background 104 39 .25

2000+

p}(j) > 10GeV, AR > 0.4, |n| < 2.5

pg* > 70 GeV, % > 70 GeV 1000§— 1
0. SighialX

'-M-m-i-@ .

0 100 200 300 400 500 600
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M; [GeV]

Chargino

50 100 150 200 250 300

K [GeV]

See also
Diaz, Perez, 0412066
Blum, D'Agnolo, Fan, 1206.5303

50 100 150 200 250 300 350 400
K [GeV]

Moy — M, gu sin 3
X guv cos 3 7
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What about squeezed scenarios? ]
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ematic of the small gaf

SG, Jung, Wang, 1307 .xxxx
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:

H%ﬁc of the small gar

Adding a boosted ISR jet

SG, Jung, Wang, 1307 .xxxx
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SG, Jung, Wang, 1307 .xxxx
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clusions

A lot of physics can be learned from the precision
measurement of the Higgs (loop induced) couplings

The strength of the complementarity

e N

Precision measurement

of the Higgs couplings

\

Direct LHC searches

\\\ / /"

NP particles

Y,

]IZII\easurebmen‘rsé I|:>ounds of / LEP electroweak
avor observables precision measurements




nals at the LHC

Ex. mz ~ 95 GeV, mz, ~ 390 GeV, m;_~ 270GeV, m,, ~ 35 GeV

Backup S.Gori

Signature 8 TeV LHC (fb) | 14 TeV LHC (fb)
pp — T1T1 27, Br 55.3 124.6
pPp — T1T2 27, Z, Fr 1.0 3.2
pp — ToTe | 27,27, Fr 0.15 0.6
pp — Tvr | 27, W, Fr 14.3 38.8
pp — Telr | 2T, W, Z, Fr 0.9 3.1
pp — .0y | 27,2W, For 1.6 5.3
A — —

T W, H

v,

h Signature: multileptons+missing energy

4y

B




ﬁM searches

(150-120) | cuts S| 3 |75 \/B+(§.15-B}2 sig ratio
baseline | (pp(€) >10, pp(j) >30, | 18 | 0.28 | 2.2 1.41 -
min(mSFOS) > 18,
mSFOS(Z) <81)
min(mSFOS) < A=30 | 17 | 0.76 | 3.5 2.90 -
Tight-pr | B2 /pp(j,) >0.56 15| 1.2 | 4.3 3.78 -
cuts Erss = 30, pp(fy) <50 | 12| 1.8 | 4.7 4.36 -
pr(ly)/pr(j) <0.72 10| 2.5 | 5.0 4.74 5
ATLAS | SRnoZa 171 0.52 | 3.0 2.24 45
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