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Outline
* |Introduction
 SM Higgs Studies (H125)
— Analysis in the high mass resolution channels (yy
and Z7)
— Analysis in the low mass resolution channels (WW,
Tt and bb)

— Measurement of the H125 Higgs boson properties
 BSM Higgs Searches

— Only some selected, more recent results

 Summary and Outlook

For all CMS public results on Higgs searches see:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Data: pp collision at 7 and 8 TeV E

* Excellent performance of LHC and CMS in 2011 and 2012

« 25fb?IntL good pp collisions data collected until now at 7 and 8
TeV CM energy:
5fb?lIntL at 7 TeV
20 fbl IntL at 8 TeV

Peak Ium|n05|ty CMS Integrated Luminosity, pp DaFa. takmg
7.7 x 1033 cm2s?! efficiency >90%

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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SM Higgs production and decay
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Exploit all four production modes
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ATLAS:

Phys.Lett. B716 (2012) 1-29
CMS

Phys.Lett. B716 (2012) 30-61

S/(S+B) Weighted Events /1.5 GeV/

* OnJuly 4" 2012 the discovery was announced by ATLAS and
CMS

* In 2013 it was confirmed that the new boson was a Higgs
boson and the precise measurements started
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High mass resolution decay channels -,

e 2 channels with excellent mass resolution
(1-2%)
— Havyy
—H>Z27

— Search for mass peak over the BG (large yield and
BG for yy and small yield and BG for Z7Z)
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H-o>vy

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

M,,=125.9 GeV
o/ M=0.9%
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H->yy analysis strategy

* Search for a small mass peak over large and smooth background
— lrreducible: 2y QCD production
— Reducible:

MC BG not used for deriving results, only for selection optimization

IIII|IIIIIIIIIIIIII|IIII|IIII|IIII|]I]I

Small BR: ~2x103 2 10000 - -
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H->vyy results
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* Largest signal observed around 125 GeV (standalone discovery)

— Local significance 5.7 o Final Run 1 results submitted for publication

— Expected significance 5.2 ¢ arXiv:1407.0558

~ Fitted 1 = 0/0, at 125 GeV 1.14" > Submitted to EPJC
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Measurement of different production processes

 Many exclusive channels addressing all production modes

=
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* Untagged mode split into categories with decreasing s/b with MVA

Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
VH MET
VH dijet

ttH tags
Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |
VH MET
VH dijet

ttH lepton
ttH multijet

CMS H - yy 19.7 6" (8 TeV) + 5.1 fo'' (7 TeV)
> ~ _ +0.26
| ld_" combined 114 -0.23
-~ —e——  [m, =1247GeV]
>

— @

L

| o

- I combined £ 16
B +—e— per-channel+ 1o
_I | = | [ 1 | [ 1 | I | |

10 15

arXiv:1407.0558 K
Submitted to EPJC

e Results of the fit for
individual production modes:
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19.7 fo'' (8 TeV) + 5.1 o' (7 TeV)

©
(HA‘:IEI/\ﬁ sHy,‘Hﬁﬁﬁ)b

05 0 05 1 15 2 25 3 35 °

M ggH,tiH

Uncertainty
Process fl total stat systematic

theo exp
ggH 1127937 | 034 030 0.13 0.09
VBF 1.587077 | 073 0.69 020 0.15
VH ~0.16575 | 097 0.97 0.08
ttH 2697731 | 22 21 0.4
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UCSD
* Clean channel: 2 high mass pairs of * Verysmall BR ~10*at 125 GeV
opposite sign isolated electrons or « Background
muons coming from PV

H > ZZ S 4l (4y, 4e, 2e2p) <

— irreducible: ZZ

* Narrow mass peak — reducible: Z+jets, Zbb, tt, WZ
— Very good mass resolution 1-2 %

T~ CMS Experiment at LHC, CERN

CMS Data recorded: Tue Oct 4 00:10:13 2011 CEST
_— Run/Event: 177782 / 72158025
Sk \ Lumi section: 99

S

w(z,) p;: 15 GeV

e*(Z,) p; : 28 GeV

W(Z,) p; : 12 GeV 3 A ¥*  4-lepton Mass :

125.8 GeV

e(Z,) p;: 14 GeV
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H > ZZ - 4l: candidates
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Use other kinematical variables: K,

MELA: Matrix Element Likelihood Analysis:

uses kinematic inputs for
signal to ZZ background discrimination

{mllmZIe]_IGZIe*Iq)Iq)l}

Pbkg<m17 ma, 917 927 (1)7 9*7 (I)1|m4€) !

MELA = |1+
Psig(mh ma, 017 027 (1)7 9*7 (Dllmélﬁ)

M, =121.5-130.5 GeV Colours are signal + BG Colours are BG only
g,oMs (s=7TeV,L=51fb";{s=8TeV,L=19.7b" cMS Vs=7TeV,L=51f";Vs=8TeV,L=19.7 " cMS (s=7TeV,L=5.1f";Vs=8TeV,L=19.7 0"
8 5121 |5 T | T | T | T | T ‘ T I. |Daté| T | I_ E xc» 1
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H > ZZ - 4l: results LCSD

CMS s=7TeV,L=5.1fb";(s=8TeV,L=19.7 b
o 17
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1 10°
Q[
= -5 . |
810 i — Observed L‘,ED 5
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=107 i — Observed LEZ \E Phys. Rev.
- , 4 D89 (2014) 092007
-9 - - - Expected , 3
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Largest signal observed around 125 GeV (standalone discovery)
— Local significance 6.8 o

— Expected significance 6.7 o

— Fitted W = 6/0,, at 125 GeV 0.93 +0.13

-0.09

+0.26

023 (syst.)

(stat.)
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* From H->yy and H>ZZ->4l we can precisely measure the mass
197fb (8 TeV) + 5.1 16" (7 TeV)
AREERREEN

Higgs mass measurement

- 10_' T LI I TT B P e e e s s e e e s e e
- . CMS = Combined
- 9_— —— H — vy tagged 1 CMS PAS HIG-14-009
< - Preliminary — Ho 77tacged M
~ 8 ‘Hoyy+H->ZZ =
'ogb Rym (egHittH),
6§ u (VBFVH) i
- . The two measurements
5__ E are consistent within
4= = 1.6 sigma
3f :
2 £
1 :
P24 %5 MM L 126 127
my (GeV)
H->vy M, =124.7 £ 0.34 GeV (£ 0.31 GeV stat. + 0.15 GeV syst.)
H>77->4l M =125.6 £ 0.4 (stat.) £ 0.2 (syst.) GeV
Combined M, =125.03 +0.29 Gey +0. 26(stat ) +0.13 (syst.) GeV
-0.31 -0.27 -0.15
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e 3 channels with lower mass resolution

(10-20%)
— H>WW

— HaTtT
— H>bb

— Search for wide excess over the predicted BG

September 2-5, 2014

Low mass resolution channels
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H>WW->lviv

* Most sensitive channel around 2xM,,
— Also at 125 GeV it gives the smallest error on

-
®)
W
)

* No narrow mass peak (mass resolution ~20%)
* Two high p;isolated leptons + MET

* Main backgrounds H->WW->epnvv candidate
— WW (irreducible)
— Z+jets, WZ, ZZ, tt, W + jets
 BG estimation is crucial

— Main BG estimated from data

Scalar Higgs boson +
V-A structure of W decay

favors small opening angle

between the 2 charged

leptons
(tend to have small Ad)
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H>WW-=Ivilv: results LCSD

* Broad evidence of signal around 125 GeV

— expected significance: 5.8 ¢ JHEP 01 (2014) 096
— observed significance: 4.3 o

— Fitted o/og,, = 0.72 1020

-0.13 Several channels are used:
Ojet, 1 jet, VBF, VH
49" (7 TeV)+19.4 b (8 TeV CMS 4.9 b7 (7 TeV) + 19.4 fb™ (8 TeV)
E 200 _C|MS| 1 1 1 | I I 1 1 | 1 I( 1 e[ )] 1 1 I 1 ? 1 e| _) %)2-5_ T T T ] T 1 T T ‘ T T 1 7T ‘ T 1 1 1 I T T 1 1
f - -# data - backgrounds my = 125 GeV 7 10 I H— WW (all channels)
® [ — H-ww eyt 0/1-jet | - + Observed il
. — —— 68% CLO —
§ 150 N bkg uncertainty ] 2- ------ gg‘;o Ct 02:::523 }
o - IR A __Exp.for SMH
- L —— 68% CL Expected 4
QO = e 95% CL Expected. . —
< 100 _ 1.5% xpected.. 7
=
[}
= N
m 901 ]
R NW e E
P \ : [
: 1 0— 1 | ‘ L ‘ 1 |
_50 I T N N Y T T T A T T T AN S S Y 0 05 1 15 2 25
50 100 150 200 250 Ly

m; [GeV]
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H->T1T analysis
 Complicated analysis, many different sub-channels

-
®)
%)
)

Decay Production/signature
H—>tt—>00+4v (12%) ® O-jet
H—> 1t —/l7,+3v (46%) ;ji \t;g(;Sted
H-o>mr—> T,T,t 2v (42%) VH (use leptonic decays of V)
Also split e and p in the analysis 9::3) "
e Z->tt main BG (also W+jets, a 4
tt and QCD)

* (O-jet category not very q"
senstive but mainly useful to
fit BG normalization and
other nuisances

q

VBF Process q VH Process

e Also important for MSSM
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H->T1T: results

10° CMS, 4.9 fb"' at 7 TeV, 19.7 fb" at 8 TeV
L] T T L I T L] L]

T CMS H—tr, 4.9 fb'at 7 TeV, 19.7 fb™ at 8 TeV
SM H(125 GeV)—>tr T T T r h .

(/2] 1 i
E ~_] SM H(125 GeV) Data - background g E_\I ! ! a
7 A —>TT 20 - Data - backgroun _—
o 10 —e- Observed S 10" E. \ //_510
w 108 [ 0-jet I 4L, 10 o ~ 20
1-jet B L ® 102 e
o :
1 05 B VBF tag 3 //
4 J 10-3 \\./‘ /'" 30
oE . e———e————e— B e T
\ 10 T
10 46
107 10°° —e— Observed p-value
o T nd e — Expected for SM H(mH)
50
1 107 E %
10" 3 2 1 0 10° I 1(I)0 — 12IO — 1£I10
log(S/(S+B)) my, [GeV]

* Broad evidence of signal near 125 GeV
— observed significance: 3.2 o

— expected significance: 3.7 o
— Fitted o/0,, =0.78 £ 0.27

* Evidence of Higgs coupling to Tt leptons

JHEP 1405 (2014) 104
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H->bb channel

* QCD BG too large for gg fusion, needs additional tag
* Most sensitive is VH (but also use VBF and ttH)

e Common features:
— B-tagging

-

— bb mass reconstruction, use BDT regression (o,,/M = 8-9%)

— MVA based analyses to g 10Ecms e owa | mmi | 2
E - B 1 [ VH [ Single to -
e = C is= 8TeV,L=18.91b gle top :
enhance the sensitivity 2 10° & Z(vv)H(bb) Emw.ss @ oco -
= = High p_(V) B Wsudscg BB VV(udscg) 3
0 4 T [ Jz+bb ] vz(vb) ]
10" & C1z+b —— VH(bb) 125 GeV =
= [ Z+udscg —— MC uncert. (stat.) ;
. 10° <
1) °< 102 L ?;
Jet :‘\ -y 10

Jet

) 0’\ %1-% e 4
W%e)u) Zeee)“‘l’l’vv OO.S_E

08 06 04 02 0 02 04 06 08 1
BDT output
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VH, H>bb: combined plots LCSD

s/b weighted mass distribution BG subtracted (except VV)

LA B B N S S B B B S

T —
- CMS ® Data B W+udscg

T T T T I T T T T | T T T T l T T T T T T T T

(%) | w
(0] - -
= - -q—)
S 500( 5= 7Tev,L=501" EEw T = £ go- CMS , o D =
5 © \s= 8TeV,L=18.916" [ vy [ Single top N S - \s= 7TeV,L=5.0fb" g vH .
£ Loof [ zebb — VH ] < [ 1s=8TeV,L=1891f" ), 2
s C [] Z+udscg Vv ] Q - pp— VH; H— b'E -
= L [ w+bb ~—— MC uncert. (stat.) _| - 60 | —— Sub. MC uncert. _
= r . (o))
g 3001 A ‘S - —— VH + VV MC uncert. -
@ 3 ] R 1
C ] m aa |
200 - + 40 .
C ] n - T
C _ J\)’ L i
100~ - L i
r N 20— —
Op—+== I A - . .
o 2 E 1%/ dof =0.22 [7] MC uncert. (stat.) | |
E E
15 0
T 1E
[m) =
05 E C 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 L l—‘
0

(i) [GoV] 0 50 100 150 r2n0(g) [GGZ\?]O

Dibosons, mainly ZZ and WZ with Z->bb

. Higgs signal Phys. Rev. D 89, 012003
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VH with H>bb: results

UCSD
Phys ReV. D 89 012003 \s=7TeV,L=5.0fb" \s=8TeV,L=18.91fb"
’ CMS m,, = 125 GeV

= o T L
S [ vs=7TeviL=s0f’ T el
‘E 5 1s=8TeV,L=189fb" ... CL, Expected
j - pp—)VH;H—)bs [ CL, Expected + 16 |
O i CLg Expected + 2 o] Z(VV)H(bb)
o 4r - w=10+08
8 -
S |
€ 3
g Z(I")H(bb)
32 - u=08+10
n 2
@ T

1 W(lv,zv)H(bb)

u=11£09
T R B B o o
110 115 120 125 130 135 5 5 5 y
m,, [GeV] Best fit 1
e Excess of events near 125 GeV [~ Combined with H>tt )
ted signif 91 gives 3.8 o significance:

— EXpected signincance: 2.1 0 evidence of Higgs coupling to

— observed significance: 2.1 ¢ down type fermions

— Fitted O/OSM =1.0+0.5 K Nature Phys. 10 (2014) /
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ttH production
e Search for ttH production in H>bb, vv, multileptons

\s=7TeV, 5.0-5.1 fb"; (s = 8 TeV, 19.3-19.7 it

* Some excess of events near 125 GeV e
~ . 5 —
(~20 above SM expectation) _
— expected significance: 1.1 o e
. 3l ——
— observed significance: 3.4 ¢ — .
— 1 — + Combination — ——
Fitted 0/05y =2.8£1.0 414081682
Best fit o/ogy, at m,; = 125.6 GeV
Accepted by JHEP
" CMS ttH. e'e=channel Vs =8 TeV,L =195 fb’ " CMS ttH e';{ channel  {s=8TeV.L=195 fb’ " CMS ‘}Hl-l’l»:’ C["?":n'e" - 5= IB TeV. ]L'= 1‘9].5_ fo!
= 10:_ ;tl?ﬁta _ S 2sF ;t?ata 1 § 2sF ; Data ] Q (-
o maw ] @ | muw ] @ [Emw, ] f, (o)
a- o ttzZy* N 20f- O ttz* ] ool B 1Y ] o
 tty ] m tty ] - B Wz ] >
L mwz 1 R4 1 - @ Others 1 Q.
¢l @ Others ] - @ Others + - & Non Pr + R O Q
[~ [ Non Pr ] 15[~ [ Non Pr ] 15 == ttHx 5 ] —
| @ Ch misld ] - [@ Chmisld 1 - 1 [ - 1
a ] 10f " HHXS 1 10f : Q '-a
| | f | 22
i 5: = 1 'B 20
s OF s O SRS ] gl w 9
g § 4 18 ) S o S
% g l — 4 + (EQ E O E E
s a {7 TR G [ B = S e ] X @© Q
-%.8 06 04 02 0 02 04 06 08 -%.8 06 04 02 0 02 04 06 08 -%.B 06 04 02 0 02 04 06 08 uJ (7, (7,)
BDT output BDT output BDT output
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ME approach for ttH, H>bb

* New preliminary analysis using the Matrix Element Method
(MEM)

* Assigns a differential probability density to each event based
on the LO matrix element for signal and ttbb BG

R CMS Preliminary ys=8 TeV, L=19.5 fb™' CMS Preliminary Ys=8 TeV, L=19.5 b CMS Preliminary ys=8 TeV, L=19.5 fb™'
2 £ Py L P
§ SL Cat-1 (H) § 100 <020 >0.20 SL Cat-2 (H) § 140 <0.50 050 SL Cat-3 (H)
. /1Bkg. Unc. T+ If ZZIB_kg. Unc. i+ If 7 Bkg. Unc. F+If
—fH (125)x 10 WM +cT 80— —ttH (125)x 10 =t£+gE 120 —1iH (125)x 10 WM +cT
Mi+p tt+ 1
T+bb B ; + b R
=tS‘,; i i B Single top 100 [ B £ + b5
9 P 60 tt+W2Z [ | S_lngle top
= I EWK 80 tt+ W,z
404 e
E z

20

D0 01 02 03 04 05 06 07 08 09 1
P

% 01 02 03 04 05 06 07 08 09 1 % 01 02 03 04 05 06 07 08 09 1
P P

0.-‘-‘-—'——!—i—¥q 1_——% 1%%
* 95% upper limit on u: 2.9 (3.3 expected) - Large improvement

compared to published analysis

. Best fit u=0.67 +113335 CMS PAS HIG-14-010
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H125 Higgs boson properties

 All channels are combined

* Profile likelihood fits are carried out with all
nuisances profiled

* Again, cross sections, BR and recommendations
taken from the LHC cross section WG:
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Measured signal strengths =

UCSD
CMS PAS HIG-14-009
19.7fb (8 TeV) + 5.1 f' (7 TeV) 19.7fb" (8 TeV) + 5.1 fis' (7 TeV)
Combined CMS m, =125 GeV Combined CMS m, =125 GeV
4=10=0R 1 Preliminary u=100+0.13| Preliminary
H — bb tagged
uw=0.93+0.49 Untagged
w=087+0.16 M..=125.0 GeV
H — 1t tagged H )
u=091+027 VBF tagged
H - 7y tagged w=114+027
w=1.13+024
VH tagged
H — WW tagged u=0.89+0.38
=083+ 0.21
H — ZZ tagged ttH tagged
u= 1.oogJ_rgo.29 k=2.76+0.99 "
1 1 1 1 I 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 I 1 1 1 1
0 0.5 1 . ¢ 0 1 2 -

1.5 p. 3
Best fit G/O'SM Best fit G/GSM
 The fitted p of the 125 GeV Higgs signal is:
o/og, =1.00 £ 0.13
e Signal strengths in different channels are consistent with the SM
e Common cross section theoretical errors contribute to all measurements

— dominated by 15% error on gg-fusion where applicable
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CMS: x, x; contours

factors , k, and K

Agree with SM within ~1 o

CMS Preliminary 19.7 16" (8 TeV) + 5.1 fb™ (7 TeV)

+ Observed o

SM Higgs o

1.5
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Vector and fermion couplings are scaled by two scale

<
LCSD

CMS PAS HIG-14-009

CMS Preliminary 19.7 16" (8 TeV) + 5.1 o™ (7 TeV)

.+ Observed ¢

Marco Pieri UC San Diego
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CMS: k,, x; contours LCSD

* Vector and fermion couplings are scaled by two scale
factors , k, and K

* Agree with SM within ~1 0 CMS PAS HIG-14-009
19.7fb" (8 TeV) + 5.1 fb' (7 TeV) 19.7 o' (8 TeV) + 5.1 fb' (7 TeV)
g 20p o o i g 20p o o .
B CMS i 1 8‘_CMS ]
1-5:‘ Preliminary B | Preliminary -
1.0 .~""'/’\) i 1.6 E
O R4 N ] i .
: L@/ : 14F N E
05; .......... _i 1.2 :_ //\\ ‘."._ _i
0.0f - 1.0F .-'":// 1
B i 0.8F P /i .
0.5 E z \ 7 z
: : . 0.6 LN =
-1.0 R . o 4: eneneen’ i
1.5F . 0l E
_2-Of: ||||||||| R S SRR [ v v v vy 1 O-O: ||||||||| R S S R [ v v v v 0y .
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
Ky Ky
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Other couplings fits Leeh
For each fit the most relevant model six-parameter model
Parameters are profiled and others are including
fixed to the SM effective loop couplings
19.7 0" (8 TeV) + 5.1 16 (7 TeV) 19.7 o (8 TeV) + 5.1 f5' (7 TeV)
CMS - 68% CL CMS - 68% CL
Preliminary . == 95% CL imi — Q50
Ky Y - @ Preliminary 95% CL
K —-l-— :
e KT _*._
A’du —l*— E
____________________________________________________ "
Iq —.*— ! E
Ky —".'- i —--_
R on
BSMl I BT SR A R BSM' RIS TR BT B R
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
parameter value parameter value
BRgs < 0.58 at 95% C.L. (with k, < 1)
CMS PAS HIG-14-009

September 2-5, 2014 Marco Pieri UC San Diego 31



Spin-parity hypothesis testing

* Spin and parity can be probed using angular distributions
 Mainly use H>ZZ and H>WW

— Using discriminators similar to K, we can distinguish between
scalar and pseudo-scalar and different spin hypotheses

— Tested models for 0, spin 1 and spin 2 excluded at C.L > 99%

CMS (preliminary) 19.7 b (8 TeV) + 5.1 b (7 TeV)
- 120 ) : : : : : : : : : : : :
= —®-CMSdata - - - Median expected P S I
< 100 mo':1c MEF:t0 Cob b e ww ey
% 0'+20  MMS =20 A
J 80 + P
E 60 : : : ; : :
o

rfl
I .

- ' || ﬁl || | 1
:60

+ + + _"' a S NEQ

g

22

- 4

T
3

99— 2,
9g— 2,
99> 2,
99> 2,
99> 2,
9g— 227
99— 2, |
99— 25
@2
qd— 2;
qa— 2;

HIG-14-012, HIG-14-014
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Constraints on anomalous HVV interactions

UCSD
+ Using H>7Z, v*Z, v*y* i e
and H>WW setlimitson £ —comeen | 59 e
the fraction of T Rt I T
anomalous contributions A |
* We have already
published a limit on f_, i

(fraction of pseudo-
scalar component)

_ +0.15 o K S
f.5.=0.00 -0.00 : :

* We now probe more :
anomalous couplings  °~

0.6

including Higgs |
interactions with y*Z, - o
V*v* - -0. f::COS(¢a3) 0 0.2 0.4 0.6 . 5

All results are found consistent with the SM
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Width from off-shell ZZ production

Narrow width approximation not adequate for Higgs to VV

2 My

T | dogg sH 7z g ggHg%—IZZ
" ' 3 laY)
; : 2 2 2 .2)\2 2 12
o | | dmz; (mz, — mg)* + mgly
q . 8 TeV
“H(125) Peak ; Off-shell On-shell
1072 ||l & ; .
H I HTO powered by complex - pole - scheme - 2 2 82 H 812_1 77
o.off-shell -~ 8 ggHgHZZ (Ton-S}II_?ll g ™ 88
= 10 s [ gg—H*—Z7Z (zmz)z gg—H— mHFH
“35 0 | Off-shell contribution sizeable: 010%)
E CMS simulation (unpublished) 19.7 fo' (8 TeV)
10-5 ZMZ,andZMt In the assumptionthe 3 [~ T
thre?sholds ; the couplings are é 6; ..;::I\\xizg;)zsxrw,u=1) E
oo |k § | unchanged . f E
i : {  Betweenon-shelland  : :
e — J - off-shell, from the ! —§
My [ GeV] ratio we can derive o E
N. Kauer and G. Passarino, information on the , ] E
JHEP 08 (2012) 116 width Y R

m,, (GeV)
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Analysis and results

-

e Use MELA gg->77 discriminator vs mass for H=>4l| (on-shell

and off-shell)

 Transverse mass for H>2[2nu (off-shell only)

CMS 19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
< 10f 4] observed
< IOREEEEN 4] expected
C}l :— 2i2v + 41 observed

gl 2i2v + 41 . expected

L Combined ZZ observed
Lenene Combined ZZ expected

— —t i — NN N ]

_— =

Results:

95% Exclusion observed
(expected):
[/Tn<8.1(10.6)

[,<33 (44) MeV (SM width
4.15 MeV)

Best fit value:

1.8" 124 MeV
Direct'%S% C.L. upper limit

'y (MeV
Phys. Lett. B 736 (2014) 64 e from ZZ and yy much worse,
S. Lett.
' 0(1 GeV)
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—Hsinvisible

—Hsut (Lepton Flavour Violation)

September 2-5, 2014

Other H decay channels

Marco Pieri UC San Diego
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Higgs to invisible

-
M

 The Higgs boson could decay to invisible particles, such as dark
matter candidates

e Exploit VBF ggqH and ZH with Z->1l(bb) production modes

VBF ZH

Eur. Phys. J. C 74 (2014) 2980

Search for VBF jets plus MET Search for I*l" plus MET
C % 107 CI\IIIS I I l I —e— Observed
% 4 CMS ~@— Observed O 10°E Vs=8TeV,L=19.7 fp! __ ZH(m,=125GeV),
(O] 10%¢ VBF m,, = 125 GeV, B .5 . B(H — inv)=100%
F (s=8TeV,L=19.5fb" ~ B—in=100% £ 10 Z(lh) H(inv) [] oY@pets
8 10° E VBF H(inv) D Vijets L% 10* _» [ ] tew,ww,wjets
= C B i tw, ov(isiets, v
10 ¢
(2] E
T ¢ .
0 10
>
I tltas | 1.
1 oo
10 .
10

1 1 I 1 1
1500 2000 2500 3000 3500

ij [GeV] . . . .
0 100 200 300 400 500
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Combined exclusion and DM interpretation

No signal observed and limits are derived

Eur. Phys. J. C74 (2014) 2980

E 2._ L | 1 -1 e T 1T T T T T T LI T T T T T T
&b oM 95°% CL s g o] St cws
’g “ Combination of VBF and Observed limit = N \s=8.0TeV, L = 18.9-19.7 fb" (VBF+ZH)
? 1.6;— ZH,H —invisible Expected limit ao'x 10_4 V5=7.0TeV, L =49 5" (ZH) B0 iy <051 @ 0%
% 1.4 Liig;?:/g(.\?/?;ﬁ ZH) I Expected limit (1o) S 185
X 15 f_ \s=7 TeV (Z(I)H only) Expected limit (20) -'8 5
- L=491b o 107 -~
L U) 7 r
E w 10
= (&) 1 0-9 K . — T cRessTwo
0.6— c = ggsgﬁ:ozg(zmz)
— 8 10-10 -+ XENON10(2011)
0.4 O -11 === Min E ggg:r\/#(lazgﬁ\s)/so‘-ACL
- 3 10 Lattice [ CoGeNT(2013)/99%CL
" | | | | . _Eoo2E e s
. ! 1 S S 1 1 —— - LUX(90%CL)
115 120 125 130 135 140 145 2 10‘13 1 1 11 1 I 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 |
my [GeVl o 10 10° 10°
DM Mass M, [GeV]
Combined limit: These limits can be interpreted in a
BR(H->inv) < 0.58 at 95% CL (exp. 0.44) Higgs portal model in which the DM

couples to the Higgs
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5
3
g
3

LFV Ho1p

* Use 19.7 fb! of 8 TeV data
* Search for pt, and prt, 4

CMS PAS HIG-14-005
e Split the search in jet-mutiplicity bins (0, 1, 2)

CMS preliminary 19.7fb" {s=8TeV CMS preliminary 19.7fb" {s=8TeV CMS preliminary 19.7fb" Vs =8 TeV.
> 60F ] > 60F ] > 7 ]
& F o Datauz, ] & F o Datay, 1 8 F o Datay, ]
o r (== Bckglunceﬂalnty ] o r [==] Bckgluncemlmy ] o 6-_ 3 Bckg»Uncenalnty ]
— 50— ) SM Higgs | — 50— N SM Higgs — N [ [ SM Higgs ]
~ L [ Z+tt (embedded) | ~ L [ Z+tt (embedded) | ~ F [ Z+tt (embedded) |
b2 - W Z+'T (nott,T) - i) - W Z+'T (nott,T) - §2] F W Z+I'T (notr,T,) E
g o [ Single top quark B g o [ Single top quark B % 5| [ i [ Singletop quark  _|
> 40 o [ tisdets ] > 40 r 3 tirdets . > = ’ [ ti+dets —
w N 0/ Wy /Wyt ] w C [ Wy 7wyt ] w r [ Wy /Wyt ]

- hae % - - % - - |- MY .
L [ Fake leptons A L [ Fake leptons A 4 [ Fake leptons —
o —— LFV Higgs (Br=0.9%) | o —— LFV Higgs (Br=0.9%) | r —— LFV Higgs (Br=0.9%) |
30— ] 30— ] - .
C ] C ] 3 ,, =
201~ - 20— . E .
L ] L ] 2= ]
10— 10— 1 } e 5

'Y** L v T .?._6_"" 1

Data-Bekg (fit)

0 200 300 150 200 250 300 200 300
collinear M(me) [GeV! collinear M(]J.Te) [GeV] collinear M(ure) [GeV

CMS preliminary 19.7fb" {s=8TeV CMS preliminary 19.7fb" {s=8TeV CMS preliminary 19.7fb" Vs =8 TeV.
> T ] > 180" = > 2r ]
8 L e Datayur 4 8 C e Datayur . 8 E o Datayz ]
o 500 + [ Bekg Uncertainty  —] o 160/~ [ Bekg Uncenalmy 1 o 18 [T) Bekg Uncertainty
- r I sMH ] - F I sMH 1 0 F I smH ]
> N [ Zws (embodded) | > o [ Z+tt (embedded) > 16 [ Z+ct (embedded)  —]
€ - W Z+T (nott,7, ) . £ 140~ W Z+T (notz,7 ) ] € = W Z+1T (not T, ) E
O 4001~ I Single top quark  —| g F [ Single top quark ] S uf I single top quark |
] r [ tisdets ] w120~ [ tisdets - ) E [ ti+dets ]

L . v ] C . v . 12 . v ]
L [ Fakes (jet—>7) ] o [ Fakes (jet—>7) ] F [ Fakes (jet—7) E
300 —— LFV Higgs (Br=0.9%)—| 100~ —— LFV Higgs (Br=0.9%)—] 0 F —— LFV Higgs (Br=0.9%) ]
L i r b 10 .
L ] 80 3 o ]
5 1 [ 3] 8 =
200— — - - F ]
- ] “F E oF 3
r ] a0 - E E
100 - - ] 4 ]
- 1 201 e 2§ =

H++*"'“"’“‘*“**+ﬁ+++++++++€

”*W*W%ﬁzg
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LFV H>Tu results

e BR(H->put) <1.57% at 96% C.L. improved x10 compared to
indirect limits

e Slight excess observed in the data (2.5 o)

e Best fit BR=0.89 fg;‘;’ % CMS PAS HIG-14-005

CMS preliminary  19.7 fb™, Vs = 8 TeV
e O0dets[ T T T LT T T

2.35% (exp.) X @ ® Observed —1
2.94% (obs.) e

CMS preliminary 19.7 b, (s =8 TeV

X Expected

put 1 Jet
had Expected + 1
2.10% (exp.) | |:| P °

211% (obs) | |:| Expected + 26 1 0_1
put 2 Jets
had
1.95% (exp.) X e
3.29% (obs.)
e, 0 Jets
1.32% (exp.) X e 10-2 """"" N Frmm e
2.04% (obs.) oy
e, 1 Jet
1.66% (exp.) X ®
2.38% (obs.)

s

e, 2 Jets -3
3.77% (exp.) » 1 O
3.84% (obs.)

.~
S

h—ut
0.75% (exp.) X o
1.57% (obs.) ; I | | |

. -4
0 2 4 6 8 10 10 10
95% CL Limit on Br(h—ur), %

“%i‘o>ua

1072 10" 1

—
<
w
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Other BSM Higgs studies

— Resonant di-Higgs production
—MSSM ¢->T1T searches

September 2-5, 2014

Marco Pieri UC San Diego
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X->HH->4b, bbyy

* Search for the resonant production of 2 Higgs bosons: i.e.

radion or graviton

HH->bbyy HIG-13-032
HH—->bbbb HIG-14-013

CMS (Unpublished) L=19.7 fb" Vs =8 TeV
% 140— Signal for A = 1 TeV Data and backgrounds
(O] r ---- M, =300 GeV x 2 —e— Data
b s\ - < My =500 GeV x 8 B standard model Higgs
5 120— |- M, = 700 GeV x 17 [ R
= - - My = 1000 GeV x 48 Vtt+gg/gj
P 5 H {ej 3 100 aco Loose
X e w $ i - .
————— < ofdlt L X = HH > 1o selection
> b S W
4 8 60~ } i i
{;; . \t‘mtw»
20 - *ﬁ}
; 5 Nw}tg
I e oo (0l o
100 110 120 130 140 150 160 170 180
CMS rreliminary 17.93 b ™" (8 TeV) my, (GeV)
> ok )
&22F + Data in SR CMS Preliminary L=19.716' \s=8TeV
200 — Background — S
%18—_ — Multi-jet % 6:_X 5 HH - yybb —n:x— =D::(:g GeV
o r ’ x?ndof = 1.09 0] " High purity — Rt
L16F- p-value = 0.23 — 5K Fit+2c 7
14 ‘ ‘ | ~ r Fitt1o
" - r
121 | (2} 4 . .
m = 1 Final selection
10 [0) r g
: !'I"J “iW l"n ||| il g o ' M, =300 GeV=
dl r i
6 'lll'lll N III | L"‘Iui ||| | || L i
4 I |I l:' | [} ||I Ii': || 2: I
n :l 'Illl| I|||Iilm |
2 f‘ I" 1:— [ XX 1) - o0 ° -
iﬂ!ﬁ E
O 300 350 400 450 500 550 600 650 >I 11l | 11 Ill | L1l ITIAI Ll L1l L1l ‘ - ‘ L1l
my (GeV) 100 110 120 130 140 150 160 170 180
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HH->4b, bbyy results LCSD

* No signal observed, derive limits on oxBR (assume BR X>HH =
25% for this plot)

17.9-19.7 b (8 TeV
—~~ 1 05 I I I I | I 1 I I I I 1 I I I 1 I I I( Ie —)
fo) = | | | | [ 3
= = SN/I-S- CMS-PAS-HIG-13-032 (y7bb) =
— ~ reliminary R ]
I | Assumes SM Higgs BR " CMS-PAS-HIG-14-013 (bbbb) - spin-0 ]
L CMS-PAS-HIG-13-025 (multileptons and photons)
T 1 04 = - radionAz=1TeV y WED:gg— X, kL=35 =
o — —> =. ixi -
s S radion A =3TeV }BR(X HH)=.25, no r/H mixing =
o
(] — —
X - _
T 4n3 L
o 107 E — Observed =
% = --- Expected J
- L _
(@) ~ _
e
E10°E =
—J = > z
o r ]
32 i Tl |
8 1 0 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 | —
200 400 600 800 1000 1200 1400

mP"%(GeV)
 Complementary: bbyy more sensitive at lower masses, 4b at
higher masses
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MSSM Higgs bosons: ® (h,H,A), ®>171,bb,up CY__-

* In MSSM O can be produced by gg fusion or bb annihilation

b - b
g kA Often at least
N one b jet
t,b,t,bs = e ----- hH A L _
h/H/A b/H/A produced in the
g _ _ central detector
b g vvrooY——" b

e @®-2rttisthe

most sensitive Model independent limits for one single Higgs boson ¢
* No significant

excess observed ggd bbd

CMS i-u 19.7 fb™ (8 TeV) CMS o->rc 19.7 fb™ (8 TeV)
| ' ' ! ' L 1 ' ' ' ! L

10° —e— Observed —e— Observed
Expected for SM H(125 GeV) Expected for SM H(125 GeV)
102 [ = 1o Expected [ = 10 Expected

[ ] =20 Expected [ ] =20 Expected

ry
o

arXiv:1408.3316
Submitted to JHEP

95% CL limit on o(gg¢)-B(¢—t) [pb]
95% CL limit on o(bb¢)-B(¢p—t) [pb]

10"
10?2
10'3 I 'l 'l 1 'l 'l ' 'l 'l L L 1 L L L L 1
100 200 300 400 1000 100 200 300 400 1000
[GeV] m, [GeV]
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MSSM limits X

UCSD
* |In addition to the method . eoGMS A 197 @Tev)+ 491 (7Toy)
= [ <0.05: :
used in the past of N :
. . 50__ — Observed -
comparing with BG only [ | Expocted ]
. B * 1o Expected -
(no nggs)’ We Carry OUt 40:_ + 20 Expected _:

Hypothesis testing MSSM a0l

vs SM(125 GeV) |
20

arXiv:1408.3316 10: T m"SSM£ 125:3 GeV _:
Submitted to JHEP - /////////////////I;a/x/////////’/. :
MSSM m, ™" scenario 7
L. /.//I'//. /I/ |/ ilfl/ : /I,/_I/-/I//I///I/ g
200 400 600 800 1000
M(p) = [ -s(MSSM) + (1 — ) - s(SM)] + b m, [GeV]

more consistent with

the observed H125 from:
M.S. Carena et al.

Eur. Phys. J. C73 (2013) 2552

September 2-5, 2014 Marco Pieri UC San Diego 45

L (Nobs |M(1), 91) New benchmark scenarios,



Summary
* LHC performed extremely well from 2010 until
2012 and the full data set has been analyzed

e After the discovery of the H125 Higgs boson we
started to measure its properties

— All are found to be in agreement with the SM

 No evidence of BSM Higgs bosons, improved
limits are obtained in different scenarios

e After two years of LHC shutdown to prepare the
higher energy data taking will resume in 2015 at
13/14 TeV:

— Improve Higgs coupling measurements
— Search for new Higgs bosons or unexpected decays

September 2-5, 2014 Marco Pieri UC San Diego
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. i e
Direct width measurements LED

* From the mass peaks in H>yy and H>ZZ->4l it
is also possible to directly measure the Higgs
width

 We derive upper limits, observed (expected)
at 95% CL:
—,<2.4(3.1) GeV from H>yy
—,<3.4(2.8) GeV from H>ZZ->4]

* Three order of magnitude more that the SM
prediction of 4.15 MeV
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Tensor structure

-

Parametrization of the decay amplitude

+ g f;1521)f*(22),yu+a f;IEZﬂf-'*(Zz)rF‘V

4+ aZZ’Y ;SZ)f (v ),;w ’)’ *(Z f”-*

+ a) fu (7 f*('rz)ﬂv+a77f )f*(%_) HV)

* Inthe SM a, non zero and all others vanishing

|a3 |20'3

_ (5
orvery small fs = 1201 + 2P + a2+ oa / (A)E TP g(“l)

: _ 2202 —arg (2
¢ USE fra Cl'IOnSZ Jo = 1|20 + |az2|?02 + |as|?03 + T, / (A1) b = a1 (al)

. 4
far = LAY, A1,

21201 + |az|20% + |a3 |23 + &4, / (A1)*
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HZZ, HZy*, Hyy anomalous couplings

N

UCSD
Allowed 95% CL intervals (real couplings)
Kinematic discriminants method
Parameter (¢q; = 0 or ) Observed Expected
fa1 cos(da1) [—0.25,0.37] [—1.00,0.27] U [0.92, 1.00]
Faz cOS(a2) [—0.66, —0.57] U [—0.15, 1.00] (—0.18, 1.00]
Faz cOS(a3) (—0.40, 0.43] [—0.70,0.70]
F27 cos(¢Z) [—0.49, 0.46] [—0.78,0.79]
F2Y cos(¢Z) [—0.40, 0.51] [—0.75,0.75]
1) cos(6)3) [—0.51,0.04] [—0.34,0.32]
1) cos(¢)T) [—0.32,0.35] [—0.40,0.37]
Observed Expected
Parameter Gai = 0 GPai = T Gai = 0 Gai = T
far 0.00,0.37]  [0.00,0.82] | [0.00,0.27] U[0.92, 1.00] -
gl 0.00,0.10]  [0.00,0.51] (0.00, 0.32] (0.00, 0.34]
Multidimensional distributions method
Parameter (¢q; = 0 or ) Observed Expected
faz cos(¢q2) [—0.14,1.00] [—0.18,0.97]
fa3 cos(¢a3) [—0.44, 0.40] [—0.67,0.67]

September 2-5, 2014
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HVBF,VH

September 2-5, zuia

19.7 o' (8 TeV) + 5.1 fb' (7 TeV)

6 1 I 1 | [ 1 I I I [ I
i CMS H — 1t tagged
- Preliminary + H- WWiagged
. H — ZZ tagged
41 H — bb tagged
s H — vy tagged
ol —
)= _
| | 1 | I | | ! |
-1 0 1 2 3
uggH,ttH

IVIdICO Fier L >dil viego
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Fit of the 5 couplings vs mass

* The Higgs boson couples to mass as expected

in the SM
19.7 fo' (8 TeV) + 5.1 fb' (7 TeV)
Q [ T T 1T T 11 || T T T T T 11 II""IHH'IIHIHH
> [CMS
QY Preliminary t
D> 1F 5
~ - 7 ',1' ]
S [|=ss%cL W
< | |—95%cCL g
10" ) E
b :
T -
10_2 E_ '/" —E
i 1 1 | 111 II| 1 1 | 1 1 |l||A|H||1|z|||11|||n
1 2 345 10 20 100 200

mass (GeV)
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<X
H>Zy UCSD
e Cross section similar to yy Models exist with
e Use Z>ee and Z>pup (reduce cross section) BR(Zy) >100 x SM
* Large BG from Drell Yan with ISR while BR(yy) is SM-like

Table 1: Observed and expected event yields for a 125 GeV SM Higgs boson.

Sample | Integrated Observed event Expected number of
luminosity yield for signal events for
(b 1) 100 < 14, <190 GeV my = 125GeV
2011 ee 5.0 2353 1.2
2011 puu 5.1 2848 14
2012 ee 19.6 12899 6.3
012pp | 196 13860 70 Phys. Lett. B 726 (2013) 587
CMS (s=7TeV,L=5fb"s=8TeV,L=19.6fb" = 40 CMS \{—HI7TeVL I5|(|)|fb‘lll\l/—I§I'I:e|V L_196fb‘
1600 _e Data H—2Zy \om H—-Zy _E
E —— Background Model e . ]
H00E —_Signalm =125 GeV x 75 S Observed =
S 1200 :_ " = - Expected + 10 ]
§ 10005_ E ---- Expected +2 o _;
~ r — ]
8 800 O ]
c 2
o 600 g
400 -
200 _/_,_|—|j|_|_L 5E E
foo~Tio 120 130 140 150 160 170 180 190 920 125 '1'30 135',' 140 145 '1'50 1é5 160

m,, (G m,, (GeV)
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H-opupy, ee LCSD

* |[n the SM the H>pu BR is much smaller than
H->tt and ee is totally negligible

e BR limits

CMS PAS HIG-13-007

CMS Preliminary Combination CMS Preliminary Combination
'E 0.1 T l ) 1 T L\l I ] T ) 1 I 1 ) 1 T I T 'E‘O 07 : I ) 1 ) 1 I 1 ) ] T I T T 1 ) I l_..
=" -{s=8TeVL=19.61b" eVl s=8TeVL=19.7 b’ .
! N
= o -
+q) 0.08 _ — T 0.06
! z
— @ 0.05F 3
c m
CE 0.06 - - ;
1 0.04 -
° 1 & .
(@) b = p
=0.04 - E0.03F .
E { 4 ]
3 i d .
- - .
O . o\o 0-02 > o000 i
20.02- 1 o f
0 i 0.01F =
1 l L l L L 1 l il L il L l 0 l L 1 L il l il L l L L il L l
120 130 140 150 120 130 140 150
m,, [GeV/c?] m,, [GeV/c?]
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High mass searches and EW singlet model <,

* High mass: WW and ZZ decays
— add WW-=Ivqq, ZZ->212v, ZZ2-2I2q, ...

CMS prellmlnary f L-5 Ofb at \(5-7 TeV fL—19 6fb at \(_-8 TeV
10— . l

https //tW|k| cern. ch/tW|k|/b|n/
¥

Oth
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o_ /
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n
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i
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200 400 600 800 1000

Higgs boson mass [GeV]

ZZ combination of latest results excludes at 95% CL SM like
Higgs up to 1 TeV
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LFV selection and results UC\SD

CMS prellmlnary 19 7 fb1 Vs = 8 TeV

uT o , 0 Jets
0.72 *.18% °
Variable H — ut, H — UThug e 1 Jet L
O-jet | 1-jet | 2-jet | Ojet | 1-jet | 2-jet o rE™ | 1
£ > [GeV] 50 | 45 | 25 | 40 | 35 | 30 HT g 2 Jets .
2 > [GeV] 10 10 10 - - - 1:24 g % B i
T > [GeV] - - - 35 40 40 ut, 0 Jets
A‘Pﬁ—’rﬁzd > _ _ _ 27 ~ _ 0.87 %8 % i i
A¢E_E¥1iss < 0.5 0.5 0.3 - - - ut, 1 Jet .
Apz_5z > 27 | 1.0 - - - - 081 7 % B |
MT(B) < [GeV] 65 65 25 - - - ut, 2 Jets .
Mr(u) > [GeV] | 50 40 15 - - - 0.05 g7 %
Mr(71) < [GeV] - - - 50 35 35 h—sut
A TR L o o

-15105005 1 15 2 25
Best Fit to Br(h—ut), %
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New MSSM benchmark scenarios

Proposed in: M.S. Carena et al. Eur. Phys. J. C73 (2013) 2552

Parameter mpe mg‘°d+ mﬂmd_

ma 90-1000 GeV 90-1000 GeV 90-1000 GeV

tan B 0.5-60 0.5-60 0.5-60

Mgysy 1000 GeV 1000 GeV 1000 GeV

U 200 GeV 200 GeV 200 GeV

M; (5/3) M, tan? 6w (5/3) M, tan? 0w (5/3) M, tan? Ow

M, 200 GeV 200 GeV 200 GeV

X 2 Msysy 1.5 Msysy -1.9 Msusy

Ay, At Az Ay = Ay = Az Ay = A = Ax Ay = A = Ar

mg 1500 GeV 1500 GeV 1500 GeV

mg, 1000 GeV 1000 GeV 1000 GeV
Parameter light-stop light-stau T-phobic low-my
ma 90-600 GeV 90-1000 GeV 90-1000 GeV 110 GeV
tan B 0.7-60 0.5-60 0.9-50 1.5-95
Msusy 500 GeV 1000 GeV 1500 GeV 1500 GeV
U 400 GeV 500 GeV 2000 GeV 300-3100 GeV
M, 340 GeV (5/3) Matan? 0y (5/3) Matan? 8y (5/3) My tan? Oy
M, 400 GeV 200 GeV 200 GeV 200 GeV
X 2 Msusy 1.6 Msysy 2.45 Mgusy 2.45 Msusy
ApAnAc | Ay=Ar=Ar Ap=ALAr=0 A,=A=A;, Ay=A=A,
mg 1500 GeV 1500 GeV 1500 GeV 1500 GeV
mp, 1000 GeV 245 GeV 1000 GeV 1000 GeV
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Charged Higgs to cs LCSD

e Search for Charged Higgs in tt decays in the mass
range 90-160 GeV in 8 TeV data CMS PAS HIG-13-035

W from other top is required to decay into pv

Use kin fit for mass No excess observed,
reconstruction constraining Event selection BR(t—=>bH?) limits are derived
the top masses assuming BR(bH*—>cs = 100%

_Cl\,/ls |S.IWP.I?FI|QPPI . \E| ~ |8| quu ARRRN CMS Preliminary, Vs =8 TeV, 19.7 fb™

2
5014 m,.=120 Gev — H o ]
2 “@ : 5014~ -
8 Br(t— H'b) =0.2 0 = % Observed N X 7
NO.12— — = t—>Hb H —c§
= o B —— Expected B
£ ﬂ;0-12_— P BR(H — c5) = 1 ]
S o4 A Expected limit + 1
z 01 _.2 C - xpecied limi ¢ W+ jets final state |
£ 01— I:l Expected limit+ 2 ¢ —
0.08]~ 3
20.08— —
o
0.06— —
0.06— =
0.04— —
0.04— =
0.02— —
2 0.02— ]
= — alo
o) e ol by b by g b I T _2?57
0 20 40 60 80 100 120 140 160 ’&8[86\2/]00 e ;i O_I 1 I | | | | - I L1l | 111l ] 1111 | | | | 1111 | 1 I_
i T S oY Y 90 100 110 120 130 140 150 160
A z 27 7,2‘,.\3‘;‘3 m, (GeV)
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Future: projections at 14 TeV LUCSD

Scenario 1 — Systematic and theory errors as they are now

Scenario 2 — Theory errors reduced by a factor 1/V2, systematic errors
reduced by 1/V(IntL)

CMS-NOTE-2013-002

CMS Projection  IntL =300 fb%, end of Phase | CMS Projection  IntL = 3000 fb, end of Phase 2

T I T T ] T T T T l T T T T | T | U ! 1 | T | |
Expected uncertainties on — 300fb™at s = 14 TeV Scenario 1 Expected uncertainties on — 3000 fb"at Vs =14 TeV Scenario 1
Higgs boson signal strength — 300fb"at fs =14 TeV Scenario 2 Higgs boson signal strength F—1 3000 fb"at Vs=14 TeV Scenario 2

H—=vyy } i H—yy t :
H— WW } i H— WW f i
H—2ZZ } ! H—2Z } i
H— bb } | H— bb } !
H—tt } | H—=1t } I
1 1 1 1 | l 1 1 | 1 | | | | 1 I L Il 1 | L 1 1 1 I 1 | | 1 | | | 1 | 1
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty
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