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CMS Physics Output

@ recently submitted 300t physics paper

@ plus, there are preliminary results
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@ plus, there are preliminary results

CMS Physics Output

@ recently submitted 300t physics paper
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In Torrential Detail

CMS Physics Results

General Information

@ for the full picture see https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

¢ All CMS public results can be found in CDS , and are categorized by subject (group) in this page.

« Publications and preprints on collision data, ordered by time, are available at this link.

» Publications on cosmic-ray data can be found here; the paper on muon charge ratio is available here .
e The complete list of publications is here.

¢ Preliminary results on collision data at 0.9, 2.36, 7, and 8 TeV are described in Physics Analysis Summaries; Monte Carlo studies can be found

here.

¢ Public performance plots are shown in Detector Performance Summaries.

» For any questions, please contact the CMS Physics Coordinator, Luca.Malgeri@cernSPAMNOT.ch
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SM @ CMS

Feb 2014 CMS Preliminary

-8_ - 5 7 TeV CMS measurement (L < 5.0 fb ) 3
‘E‘ 1 05 ___ . ¢ 8 TeV CMS measurement (L <196f7) __

— e — 7 TeV Theory prediction —
- . = o — 8 TeV Theory prediction -
o 10 = | ~=CMS 95%CL limit =
O - -
) — —
D 10° E
2. - -
8 — . ™ _
e 2 | — — 0 P
- - s s -
o — —— T , —
(&) — O I A =
-8 - -
O B ‘ Py n
= 1 f I =

- e : ;-

- . -

= = =

WW  qqll

3C

Yuri Gershtein, FNAL W&C March 2014

Th. Ac,,in exp. Ac

Friday, March 28, 14



SM @ CMS

Feb 2014 CMS Preliminary
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Perturbative QCD at work

Mar 2014 CMS Preliminary
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SM @ CMS

Feb 2014 CMS Preliminary

-8_ E 9 7 TeV CMS measurement (L <5.01b”) ;
‘B‘ 10° =" ¢ 8 TeV CMS measurement (L <19.6f07) __
— . — 7 TeV Theory prediction —

-l . - T — 8 TeV Theory prediction ~
o 10 = | ~=CMS 95%CL limit IE
S f -
B 10°L legacy H—yy: o
0 = analysis approved =
(d)) — —_— : —
O o[ —— -~ paper coming soon! -
- - s s -
O B — n
O = il S =
_8 = -
O B — 3 B
A = T =
= " 3 ;-

- - |

107 — - . Nl iy

= S =

[PV PRI [N o ey 7 = ) [P P O [P P (7 U

WW  qqll

3C

H
Th. Ac,,in exp. Ac

Yuri Gershtein, FNAL W&C March 2014

Friday, March 28, 14



SM @

CMS

Feb 2014 CMS Preliminary
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LHC is exploring EWSB

Fundamental scalar exists!

Are there more of them?

Every time you produce a
Higgs boson you are learning
a bit more about EWSB

Every time you produce W/Z
at large Vs you probe EWSB

Time after Temperature Energy
the Big Bang of the universe

5x10s 107K 10" Gev
5x10° s 107K 10" GeV
5x10 s 10°K 100 GeV
5x10°s 10K 1 GeV
5x10 s 3K 10" ev

(now)
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LHC is exploring EWSB

Fundamental scalar exists!

Are there more of them?

Every time you produce a
Higgs boson you are learning
a bit more about EWSB

Every time you produce W/Z
at large Vs you probe EWSB

In this talk:

* Long-lived particles (in Higgs
decays)

* Higgs as a new physics tag
(i.e. in SUSY searches)

* plus a few more

Time after Temperature Energy

the Big Bang of the universe
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Long-lived particles

@ |Large number of well-motivated scenarios predict

long-lived particles
@ hidden valley models

@ rare Higgs decays (the one at 125 GeV or a new
one) - if there are HVs, Higgs may the particle that

senses themmost:  — XX, X — ff
@ RPV SUSY ¢ — qx°(— £T¢"v) (or H cascade)

generic search, benchmark points

Mo (GeV/c?) | Mx (GeV/c?) cT {cm)
1000 350 (3.5, 35.0, 350.0)
1000 150 (1.0, 10.0, 100.0}
1000 50 (0.4, 4.0, 40.0)
1000 20 (0.15, 1.5, 15.0)

400 150 (4.0, 40.0, 400.0})
400 50 (0.8, 8.0, 80.0)
400 20 (0.4, 4.0, 40.0)
200 50 (2.0, 20.0, 200.0)
200 20 (0.7, 7.0, 70.0)
125 50 (5.0, 50.0, 500.0)
125 20 (1.3, 13.0, 130.0)
M; (GeV/c®) | M (GeV/c?) cT (cm)
1500 494 16.0
1000 148 6.0
350 148 17.3
120 48 16.5
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Strategy

@ Di-electron decay: trigger on di-photons
o offline match tracks to photons

@ Di-muon decay: trigger on pairs of not-back-to-back
muons, as reconstructed in the muon system
(no track requirement)

@ offline match tracks to those muons

@ require them to fit into a good vertex
and be isolatec

@ refit PV excluding the two candidate tracks

@ require each candidate track to have high

significance impact parameter

@ impose extra track quality cuts
@ no hits where hits should be

@ hits where hits should not be (before the vertex)
Yuri Gershtein, FNAL W&C March 2014
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Reconstruction of high IP tracks

@ Many tracking iterations e N e
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Signal Efficiency

CMS Simulation {s = 8 TeV CMS Simulation {s =8 TeV
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@ efficiency is zero for Lyy > 50 cm
@ inefficiency at high IP shows up for some of the models
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Control regions

@ Signal vertices should point along
momentum, background is uniform

fs=8TeV, L=2050m "
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Control regions

@ Signal vertices should point along
momentum, background is uniform
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Control reglcns

CMS ung ublished Ys=8TeV. L=196Mh
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Test of Background Modeling

@ Compare small IP significance distributions

@ high sensitivity to the tracker alignment: see effects that are washed out
for long tracks originating at the vertex

@ After the additional alignment corrections see very good closure
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Results

@ for the signal region (IP significance > 120) observe no events
in either signal (|A®|<r/2) or control (|AD|>r/2) samples
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@ for the signal region (IP significance > 120) observe no events
in either signal (|JA®|<n/2) or control (|AD|>r/2) samples
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- —%— m;/m,=120/48 GeVic®

. I Expected limits (+10)
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Higgs as New Physics Tag

@ New physics (SUSY?) cascades may produce higgses
as copiously as W's and Z's - but the SM Higgs cross

section is tiny compared to W/Z g0
@ single W: 10° pb

o \W+lots of jets (aka top): 10° pb
@ single h: 20 (50) pb

o(pp = H+X) [
S
T T T

1l L1 1111
LHC HGGS X5 WG 2012

@ h + lots of jets (tth): 0.1 (0.6) pb

o requiring higgs production
is a New Physics booster

@ even paying 2-1073 penalty for yy
branching one gets ~reasonable number of events
e 5/fb-0.5pb-2-2-103 = 10 events

@ Impact way beyond just SUSY - every time you produce a Higgs you
explore EWSB: SUSY here is just a great way to “generate signatures”
with Higgs + stuff.

Yuri Gershtein, FNAL W&C March 2014
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Higgs as New Physics Tag

@ New physics (SUSY?) cascades may produce higgses
as copiously as W's and Z's - but the SM Higgs cross

section is tiny compared to W/Z O PCCSUSY O WG

—4
e
—
4
—
-

o single W: 10° pb :% | iims

o W+lots of jets (aka top): 103 pb 2 ERd

o single h: 20 (50) pb L Jio

o h + lots of jets (tth): 0.1 (0.6) pb §'°‘2 ;mz

o requiring higgs production 4 10° "
is a New Physics booster ; ............................

@ even paying 2-1073 penalty for vy SUSY sparticle mass [GeV]

hitps://twikic Lch/twiki ¥/ LHCPhy

branching one gets ~reasonable number of events
e 5/fb-0.5pb-2-2-103 = 10 events

@ Impact way beyond just SUSY - every time you produce a Higgs you
explore EWSB: SUSY here is just a great way to “generate signatures”
with Higgs + stuff.

Yuri Gershtein, FNAL W&C March 2014

#events in 20 b 8TeV LHC data
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Bottom

Top

Higgs

/-Boson

v

“"Natural”-ish SUSY

>Px 9 can be quite stealthy
@ if M;, — M is below top mass
the decay is mostly to chargino
Higgsino and b
@ chargino decays into soft
- pion(s) and lightest neutralino

oaf—
o.eE-
0.4
ﬂozf—

+ Eers
Z(.Dlor

Matchev, Thomas PRD62:077702 Mn=105 GeV

lxoe:_

E |7
0.6

0.4

02fF

—
0.0

@ b-jets may be soft, especially for
smaller mass splittings

@ In GM, lightest higgsino decays
@ not very often to photons

e/’'s and higgses - more higgses at
low tan 3

~sershtein, FNAL W&C March 2014
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Br[x% = hG] and Br[x° — ZG

@ using formulae from Meade, Reece & Shih arXiv:0911.4130 [hep-ph]
@ assume large M1 and Mz, mh « mu, Ma

4 9 4
" 1 2 % ~ 1 m
P()Z?—’G-i-Z) = Z(Sg-l-’r]Cﬂ)z (1_ TTZZ;ZO) 4 F(X?—>G+h) = Z(Sﬂ—nq@)z (l_mg’:) &
)21 X1

1./(1+powly+1.2)/powly-1.2)" pow((x"x-91.2°91.2)/(x’x-126"126).4)) 1./(1+pow(y-1,2)/pow(y+1,2)"pow((x"x-91.2°91 2)/(x"x-126"126),4))

tan B
o
o
w
)
np
o

N WA O O N 00 O
N WA O O N O O

150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500 ,
m(x’) m(x’)

Yuri Gershtein, FNAL W&C March 2014 28
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“Minimal” model

/ Jet
P, AR dfi_.jenu

- =+ -

tR ....' XI -0 . ~

e X1 &- G
«* \

e \ P
‘g 2
/

’

T /
W € G A
Rl o

P T"“’"

@ Consider both strong and direct

EWK production i
@ Two higgses per event, plus b- g™
jets from stop: yybb final state § 250
@ For cases when x° — ZG is é‘% 200

large, need to combine with 50
multi-leptons (coming soon)

Yuri Gershtein, FNAL W&C March 2014

200

300
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Stop Mass (GeV)

— o W s oy W e
Stop Cross Section Fraction
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Why use yy channel for searches

@ Start with 2-103 suppression
9 But

@ |ooking for relatively quiet events without large MET or
very energetic jets - huge QCD and EWK backgrounds

OtherW|Se CMS Simulation, ¥s=8 TeV
. Z 350 10°
o still, a few pb o-Br SR
: & annl
@ narrow peak gives a very — % "
reliable way to estimate 2500
the backgrounds : |
: _ 200 -
@ SM Higgs background is
negligible Isof .
200 300 400 500

m] (GCV)

Yuri Gershtein
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Event Selection

@ >2 jsolated photons, Er>40, 25 GeV, |n|<1.44 (barrel)
@ > b-jets (CSV-medium + CSV-loose)
@ Higgs mass window: 120 < my, < 131 GeV

CMS. Vs = 8Teijdt 19.7 fb!

%22»'

,_.20*

6
4
2%
0"

-
-
.—
—
—
—
—

TII]ITI

+L..L_1_1.¢::1_LJ_]LL_._L
100 110 120 130 140 150 160 170

‘
|

lﬁ'

L

—— Data

III |

—— Sideband Fit

) Signal: m. =300 GeV
o m =290 GeV

hl,

]ITII
=2 b-jets

IIIIIF

—

p—

|l'lllllllllllll

Llllll

—

—

Ll

"H

Ry

00‘
o B

M, . (GeV)

Yuri Gershtein

@ Fit excluding 118-133 GeV window

@ negligible dependence on fit function,
use power law

@ 46 events, 46.5+3.8 expected

@ L ooking in mass window looses us a bit
of sensitivity, but allows us to easily
scan a variety of kinematic distributions
in the events

@ determine background from sidebands

@ average lower and upper, add half of

the difference as extra error
31
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Event Kinematics

@ kinematics is different from point to point

@ humber of taggable b-jets

@ fraction of events where the two b-jets from higgs

CMS Simulation, ¥s =8 TeV

2 350
* x° ~ at rest, moderate pr(h), MET <
5 300
* smaller pt(h), MET + extra b’s
250
* ¥ ~ at rest, small pr(h), MET
200

-l ¥ L] Al L}

l Al T

Yuri Gershtein

300

400

500
my (GCV)

=3

Cross Section ® Br(H — v v) (fb)

10

—_—

<
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Signal Efficiency

@ efficiency on the diagonal does not vanish

@ efficiency to EWK production is much smaller then
to strong production

stop only stop+tEWK
CMS Simulation, ys =8 TeV CMS Simulation, ¥s=8 TeV
N —— §
>
Q
=
g
<
=
[
0 0
200 300 400 500 200 300 400 500
m- (GeV) m; (GeV)
Yuri Gershtein, FNAL W&C March 2014 33
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Events with hlggs tag + 2 b’s

CMS, \§=8TeV,ILdl=l9.7m' CMS. \S—chv Ldt—197fb'
g 53 ¢ Daw o3 —e— Data | Points - evts with higgs ta
Qo
= 3:_ -| Background ] o ~ Background 4
P I G 2 4 Signal (m_ /mz: 4 Ractangles - sidebands
o2-5] e gctf, & 350/ 135Gev
s T © 1 € L FE e 400/300GeVv | Lines - stop MC
- o | X ] = 3
z 2 3007290GeV 3 . ~300/290GeV P
L j | .
1.5- ] [ 1 Simple and robust BG
: ] - . - .
,* E [ 1 prediction allows for quick
| _+_ : 1E—+— ’ 1 exploration
05 ) ) 1 + ? :_ -
0 200 400 600 800 1000 — by -
H, (GeV) 0100 200 300 400 500 600

B, (GeV)

CMS, Vs = 8 TeV, JL dr=19.7 fb"!

CMS. Vs=8 TeV, j Ldr=19.7 fb"

T L B | ‘: —_ — |
% 4 —e— Data ER T | CMS, VS . -8-’l-'e’VY ,—[Ldt . I()”b R
g 35 [ | Background i & 1k —&— Data 1 = 20F —e— Data E
= a: Signal (n‘Ll /mio): 3 g - (B 183_30‘(8"0““(/' . . g I8 | Background ]
2 3 ——350/135GeV = 10 enam im0 = e Signal (m, fmg): 3
£,50 e 400 / 300 GeV i =& ¢ — 350/135 GeV 1 R —— 350/ 135 GeV
g : : 300/ 290 GeV :; ;E) /- T 400 /300 GeV ;Ev: 125 - 400 / 300 (f(_v E
— p) > — 300/290 GeV > : 300 /290 GeV
: ! B
1.5; e - Py E
- E 4 I —+—_+_ I + = 6F E
- ] L 4- B
0.5 —+— —‘l*— : 2 — ) ,
- —r e . i - :L . M— III’A"
0 200 400 600 SSOO(GC\I/(;O 0 20 40 “60 80 100 120 140 0 20 40 60 80 I%Qvﬁssl(zge\};m
! PT " (GeV) X
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Further Event Categorization

Divide events into three categories

Category (i) (ii) (iii)
. ) signal 350 / 135 10.7 2.0 6.8
@ events with 23 b’s signal 300 / 290 2.1 10.1 39
, signal 400 / 300 4.0 1.4 2.8
@=2 b'sand 95 < mpp <155 GeV “expectedbackground 67 =14 105+ 1.8 297 £ 2.8
] , observed 6 7 33
@ all other events with =2 b’s
CMS, Vs =8 TeV, [L dr=19.7 fb" CMS, Vs =8 TeV, [L dr=19.7 fb" CMS, Vs =8 TeV, det—l97fb'
> fl'??"'!'!ll!"?T“!!]Y!l"'!?’]l.’?YZ: > :!"'Y!IY!!"'IIXI!!"'IIYYIY"'IIYTXL > T.TT];..T] ‘1 T
8 4. 5;_ e Data 23 b-jets - 8 10 e Data 2 b-jets on H 8 " e Data 2 b-;ets off H ;
5 4 Sideband Fit 5 Sideband Fit 5 —— Sideband Fit
ok Slg,nal m. = =300 GeV il 1 (e Signal: m. = =300 GeV - Lot & ~ Signal: m. =300 GeV -
£ 3.55 =290GeV | E 8+ - m =290 GeV = m’, = 290 GeV
> At E > > .
e 33» ¢ ] 3 I M 8 -
254 < ol 1 E '
2;' . . . . r 45 'm | 6 | LI O I | . :
|5§“ _; ;. ‘ ' ] 4 “\N\o . . ‘
|7 o o o " e mem S eme o o L ! ] . . . *e g
'E \\\TM : 2. ' 15 ’ 2 . o | . R
05 ‘ ﬁ ‘ - . - +
.: “L T . | 1 ml | oo e |
Ol- pa i diudd o ||| O N | 30 | o e s P OLI | T e A L A 1N
100 110 120 l30 140 150 160 170 100 110 120 130 140 150 160 17C 100 110 120 130 140 150 160 170
‘y Y (GCV) (ch) (GCV)
Yuri Gershtein 35
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MET In categories

@ Use binned MET distributions in the three
categories for the statistical analysis of the data

CMS, {5 =8 TeV, dez—197fb' CMS, {s = 8 TeV, dez—197fb' CMS, 15 =8 TeV, [L dr=19.7 fb°
| ' rrrryrrTrTg | LENLE | LI | ! | L L [T T T T T T T T LI B B B B
% 3 5 (a) + Data B % 6L (b) + Data ] % 12 (¢) —e— Data
g Background g [ _ Background o ~ | Background
— 3'% Signal (m;. /min): = — S5t Signal (m; /mi.,): = 10" Signal (m. /mi.)):
2 —— 350/ 135 GeV 2 —— 350/ 135 GeV 2 | —— 350/135 GeV
£2.50 e 400/ 300 GeV g4 L e 400/300Gev | £ 8 | e 400 /300 GeV
SN — 300/ 290 GeV S —300/290 GeV S T 300 / 290 GeV
(88} r m 3.- (84 6:_
1.5F -9~
E 4 .-
IF_—O-—‘—ﬁ—o— - I
0.5 e 2 —
L g .:j“.:-:?l:..:i:“g-------.---u-..-.--------~-~m-:---;---'-------;ml----l- i 1 L L R ’..; ---------- Ll U OO L ok chs Lok, S S J S S S 5 | 'x e L S R
07730 40 60 80 100 120 140 0720 40 60 80 100 120 140 0 20 40 60 380 100 120 14
ET™ (GeV) ET™ (GeV) ET™ (GeV)
Yuri Gershtein, FNAL W&C March 2014 36
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200

The limit

CMS, Vs = 8TerLdt—197fbl

_l 1 1 I ] I 1 1 1 1 I pu—
_ Natural GMSB Hnggsmo model -

- Br(;(1 — HG) = 1, Strong and EW Production -

Mmo=m.-5GeV,m =m..+5GeV
% X v % -

=

— = (Observed 95% CLs Limits
- = = = Theory uncertainty -

- - = = Expected 95% CLs Limits
.......... Expected =10

experimental

L L B
200 300 400 500
my (GeV)

Yuri Gershtein, FNAL W&C March 2014

Observed 95% Cross Section Exclusion (pb)
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Comparison with multileptons

@ Higgs decays into leptons
e mostly though WW and =z

@ Br[h—1 e/u]=11%, Br[h—>2 e/u]=1.8%
@ Br[hh—3 e/u]=0.4% - comparable to yy

o in reality, a little less sensitive - soft leptons from ¢, W™ and
larger background (no mass peak!)

CMS Preliminary \s=8TeV, [Ldt=19.51b"

;Soorllllllllll 1 T T T T
QO N Natural Higgsino NLSP (GMSB)

@) 450_Br(i —>hG) 1, Strong and Weak Production
S

b

-

| observed 95% CLs Limits
= 400 - ——— Theory uncertainty (NLO+NLL)

-

------ expected 95% CLs Limits
expeCtedtbex rimenta
350 I perimental
300 SUS-13-002

Illl] IIII]I]IIIIIIIII]II

1 1 l 1 1 1 1 l 1 1 1 1 1 1 L
250 300 350 400 450
m,: - 5GeVm -mi +5GeV m- (Ge

N
N OF

OF—

(o))
\<,8~+|1111|1111|1111[1111]111111111]111

"‘&

Yuri Gershteln, FNAL W&C March 2014
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Comparison with multileptons

@ Higgs decays into leptons
e mostly though WW and =z

@ Br[h—1 e/u]=11%, Br[h—>2 e/u]=1.8%
@ Br[hh—3 e/u]=0.4% - comparable to yy

o in reality, a little less sensitive - soft leptons from ¢, W™ and
larger background (no mass peak!)

< 500

>

450

3
=L

CMS Preliminary \s=8TeV, [Ldt=19.51b"
1 LA AL B AL BN L LN AL B AL B )
~ Natural Higgsino NLSP (GMSB)

. Br()"(:J o hé) = 1, Strong and Weak Production
- observed 95% CLs Limits

- ——— Theory uncertainty (NLO+NLL)

------ expected 95% CLs Limits
I expectedtic

-

llllllllllll

SUS-13-014

|

\ .

?

experimental

SUS-13-002_—

llll]lllllll]l]llll

llll]\\
"",'..'

PR S T T T M 1 LA o S T | T |
250 300 350 400 450
m: =5 GeV, mi;’ = m. + 5 GeV m- (Ge
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o
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\<,,8+11111|1111|1111|1111|1
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combination of 3l and yybb

N

>

CMS Preliminary /s =8 TeV, f L dt=19.5 fb"

500

400

350

300

250

150 —

2

200

Natural Higgsino NLSP
di-Photons and multlleptons for x X >h+G=1
observed 95% CLs Limits

—— Theory uncertainty (NLO)

- expected +10

..l..4..|...|..|..l..4 T1- |.l..4..|...|..|..l..4..|...|..|..'..|..|...|..|..|

.......................................................................................................

00 250 300 350 400 430
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Getting sensitive
to electroweak
production
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towards a grand higgsino combination
@ multi-leptons (ZH, some HH) SUS-13-002 us Urpubished s =8 Tov

o 1.6- ]
< & CMS Simulation
@ 4b (HH) SUS-13-022 f
2 12- 8¢y bin 1 :
control region  signal region G 1~ S bin2

CMS Prefminary. L » 183", (58 TeV CMS Preliminary. L« 193", (5 +8TeV Complementary tO 0'8: . SMETbinS

$IG region (2b sample)
——

— L] 1] -
S8 reglon (2b sample)

s —o— data

LT} )
55 Wejets & single t
— Zajets 7
= aco

I Other -

diphotons and 06 g, bin4
multileptons: sensitive\w

Events / bin

to higher masses NS o MR TR T e Y
150 200 250 300 350 400 450 500
Higgsino mass m?o (GeV)
Sl S tin2 S, bn3 S, bnd 0 Surbnl S, b2 S b3 S, tind '
CMS Prefiminary, L= 193107, 5= 8 TeV CMS Preliminary, L= 193", (3 =8 TeV a4
£ [ sBregion(3bsample) ! £ | 516 region (30 sample) 'm b CMS Preliminary, L=19.3fb", \s=8 TeV
E‘wh :r‘ - E :ﬂ -‘ § 4.5:l L] l L) L] L) I L Ll L) L] I L L] L] L I L] LA | L) I . L) L) L] l L L] . L) I L] L] L) L) l L] | L] ':
s | o Weets dsinglet | & . Wojets & single 1 - R - =
— Zejets ) — Zejots R -— - —
. = aco v = oco 2 4 - - Expected =1 o, =
L Ll - eQu) -
e Orer : S 35F @3- Expected =2 o, =
E - —e— Observed -
T 3F E
o - —
0 Q 55 -
S b1 S bin2 S, bnd S, bnd Surbnl S b2 S be3d S bnd % - -
CMS Profminary, L =193 16", (s =8 ToV CMS Preliminary, L= 19,3 %", {3 = 8 Te¥ E') 2 _-'_— -—_'—_
5 [ 58 rogion (ab sample) "] £ [ siaregion (e spmple) ' - - =
@ | SEs B - 10 ~o- data - P - 3
sol —i i e on 1.5 =
g B Wejets & single t E B Waejets & single t » - -
w — Zepets 1 @© — vty . s =
&= oco - r —t #=oaco : 1E -
I Cther : i I Other ) - -
0.5 —
O:L A l LA A Ul l AL L L l - l AL A AL L l - l ) l A A 1l l Al L l:
150 200 250 300 350 400 450 500 550

0 . -
S b1 S, btn2 S, bnd S, bnd Suebn1 S, b2 S . bh3 S, bnd nggSInO mass m_o (GeV)

@ Plus new vy, ZH (lIbb), etc... Stay tuned! |

Yuri Gershtein, FNAL W&C March 2014
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tan

Another angle on HH/HZ final states

@ even harder: no MET

@ multileptons and diphoton+tau / e/ u

HIG-13-025

CMS Preliminary

\s=8TeV, fL dt =19.5 fb"’

10° s SRS HEHE RS SIS H I i e
i ————— TYPEI2HDMH—hh
,_ ............................................................ m“=3MGev _.
: 95% C.L. CLs Limits '

: : : —— Observed
10 P g eseee NLO exPQCted o
a #555 NLO expected =10
----- NLO expected =20

...........................................................

0.6

cos(p-a)

tanp

N. Craig et al arXiv:1201.0559

yaupMm/ysm | 2HDM 1 2HDM 11
hVV sin(f —a) | sin(f - a)
hQu cosa/sin 3 | cosa/sinf
hQd cosa/sin 3 | —sina/cos 3
hLe cosa/sin 8 | —sina/cos 3
HVV cos(8 — a) | cos(8 —a)
HQu sina/sinf | sina/sinf
HQd sina/sinf | cosa/cosf
HLe sina/sing | cosafcos
AVV 0 0
AQu cot 3 cot 3
AQd —cot 3 tan 3
AlLe —cot 8 tan 3

CMS Preliminary \'s

=8 TeV, fL

dt =19.5 fb"’

10° e e, ) S SR |
i TYPE Il 2HDM A+ Zh :
g_ﬁjﬁji OO SO O Zjﬁiﬁﬁiﬁjﬁjﬁmﬁmaev ﬁ.g
g ' 95% C.L.CLs Limits 7
: : ; ——— Observed :
10 e e e NLO expected
e e e [ NLO @Xpected 210
— o —— . = NLO expected 220+

Yuri Gershtein, FNAL W&C March 2014

cos(p-a)
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Higgs In Top

N. Craig et al PRD 86 075002 (2012)

@ A complementary way to probe tiny BSM Higgs
couplings: use huge top production cross section

@ i.e. FCNC t—Hc

most sensitive channels with H— yy + e/

Q d | p h OtO nsS h ave th e ETS [GeV] | Npjes | data | background | signal | efficiency [107]
e 50-100 | >1 | 1 | 23+12 [28£039] 3104
best Sen5|t|V|ty 30-50 | >1 | 2 | 11£06 |216+030| 24+03
0-30 >1 | 2 | 21+11 [176+£024| 19+03
- - - 50-100 0 | 7 | 95+44 222031 2403
@ |limit FV COUpllngS >100 | >1 | 0 | 05+04 [092+014| 10+02
. . > 100 0 | 1 | 22£10 094017 | 1002
VIAR2 + A2 < 0.14
HIG-13-034
Higgs Decay Mode observed | expected | 1o range
H —» WW* (B =23.1%) 1.58 % 1.57% | (1.02-2.22) %
H— 1T (B =6.15%) 7.01 % 499% | (3.53-7.74) %
H— ZZ* (B =2.89%) 5.31% 411% | (2.85-6.45) %
combined multileptons (WW*, 77, ZZ*) | 1.28% 1.17% | (0.85-1.73) %
H— vy (B =0.23 %) 0.69 % 0.81% | (0.60-1.17) %
combined multileptons + diphotons 0.56 % 0.65% ) (0.46-0.94) %

Yuri Gershtein, FNAL W&C March 2014
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Summary & Outlook

@ Run 1 data is more deeply explored

Yuri Gershtein, FNAL W&C March 2014
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Summary & Outlook

@ Run 1 data is more deeply explored

@ precision measurements
o /&8 TeV

o M= 172.22 + 0.73 GeV (TOP-14-001)

@ beginning to see results of “hard” searches
o displaced objects
@ l[ow-MET / low HT SUSY searches

Yuri Gershtein, FNAL W&C March 2014
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Summary & Outlook

@ Run 1 data is more deeply explored

@ precision measurements

@ /&3 TeV
o Mt=172.22 £ 0.73 GeV (TOP-14-001)

@ beginning to see results of “hard” searches
o displaced objects
@ l[ow-MET / low HT SUSY searches

o Higgs tagging is becoming a powerful tool for EWSB exploration
o di-photon mode is often the best

Yuri Gershtein, FNAL W&C March 2014
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Summary & Outlook

@ Run 1 data is more deeply explored
@ precision measurements
@/ &8 TeV
o M= 172.22 £ 0.73 GeV (TOP-14-001)
@ beginning to see results of “hard” searches
o displaced objects
@ l[ow-MET / low HT SUSY searches

e Higgs tagging is becoming a powerful tool for EWSB exploration
o di-photon mode is often the best

@ Run 2 (a.k.a LHC at the design energy) is only a year away!

Yuri Gershtein, FNAL W&C March 2014
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Summary & Outlook

@ Run 1 data is more deeply explored

@ precision measurements
@/ &8 TeV
o Mi=172.22 £ 0.73 GeV (TOP-14-001)

@ beginning to see results of “hard” searches

o displaced objects
@ l[ow-MET / low HT SUSY searches

e Higgs tagging is becoming a powerful tool for EWSB exploration
o di-photon mode is often the best
@ Run 2 (a.k.a LHC at the design energy) is only a year away!
o new, tough challenges - but...

Yuri Gershtein, FNAL W&C March 2014
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Never Underestimate Ingenuity of
Physicists with Lots of Data!

New ldeas

Constraint on the I', from H*(126)>ZZ

4l analysis: 2D likelihood in m, and D,
212v analysis: 1D likelihood with m or E,™ss
Combined fit using the measured yield at the peak in H->ZZ->4| as constraint

[',<17.4 (35.3) MeV

CMS Preliminary (S=8TeV,L=1971" p- S
212 . " 4/ 2(2v  |[Combined |
a Expected 95% CL limit, r 115 10.7 8.5
o Observed 95% CL limit, r 6.6 6.4 4.2
10 Observed 95% CL limit, 'y(MeV) | 274 | 26.6 17.4
Observed best fit, r 05255 (02753 [ 03 %53
o 7255 an2ioy Observed best fit, [y ( MeV) 20435 |08 5t | 14t
8 | o Expectedun, Obs.(exp.) @95% C.L:
Y ---- Expected p=1 SM
S of [y<4.2(8.5) T,
g -
5

o

Considerable improvement w.r.t.
previous CMS direct contraint on I',

Mg,
N. De Filippis Moriond QCD, La Thuile, Italy, March 22-29, 2014 21
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Never Underestimate Ingenuity of
Physicists with Lots of Data!

Control of systematic errors

@ A plot from 1996 report from TeV-2000

@ Extrapolations without exact knowledge of upgraded
detector performance, how to deal with pile-up, how will
the theory errors evolve, etc...

Scaling of W-mass error

o, Run 1A, CDF, DO, UA2 (preliminary) Repo,-t of the
24 Tev-2000 Study Group:

i SLAC-REPRINT-1996-085,
FERMILAB-PUB-96-082

CDF, DZero 2012

(pont added by hand by 1)

Tevatron EWWG:
arXiv:1204.0042 [hep-ex]
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LHC exploration only just begun!

An amazingly

Interesting
place to be

Time after Temperature Energy
the Big Bang of the universe
5x10°s 107K 10" Gev

107K 10" Gev
15
10 K 100 GeV
10°K 1 GeV
5x10 s 3K 10" ev

(now)
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