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 SM Higgs boson search symphony

— individual search channels and their grand combination

* Mass measurement

— if X126 is the SM Higgs boson, its mass is the last SM parameter to
measure

e |s X126 the SM Higgs boson?
— What can we tell about the X126 width from the mass line shape?
— Compatibility of event yields with the SM Higgs boson
— Recast the event yields into “measurements” of couplings
— Spin-parity properties
— |Is X126 one particle?

Andrey Korytov (UF) Tallahassee, 13 May 2013 2



o(pp — H+X) [pb]

Search channels at low mass
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BEWARE: Tags are never pure; e.g. VBF-tags have 20%-80% of ggF, depending on analysis

Tallahassee, 13 May 2013



H-> ZZ > 4l

> E
& 30~ e Data ATLAS Preliminary I :
2" Moz TS PO Analysis strategy:
5 25 [l Background Z+jets, f — four prompt leptons (low p; is important!)
weor |:]S|gnal (mH=125 GeV)
20 7 Syst.Unc. (87 TeV:[Ldt = 4.6 b — four-lepton mass is the key observable

's = 8 TeV:|Ldt = 20.7 b . )
— split events into 4e, 4y, 2e2u channels:

* different mass resolutions
» different S/B rates (for reducible bkgd with “fake” leptons)

— CMS: add ME-based discriminant K, (2"° observ.)
— split events further into exclusive categories:
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80 100 120 140 i ([)GeV]
S S * untagged (CMS: add a 3™ observable: four-lepton p;/m )

o 35O Primnay 87 Tev L=51 E ngZXZ ; * di-jet tagged (CMS: add a 3™ observable: V,(my, An;) )
3 A ’ — Backgrounds:
o 30 i: ’ 3 g .
2 s ‘ ' e ZZ (dominant) from MC
§ 25 1 :J—Mﬁﬂl} * reducible (with “fake” leptons): from control region
w Rp—

20 U(J 0.10.203 04 05 06 0.7 08 09 1

< Analysis features to note:
— high S/B-ratio,
l — but small event yield
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— mass resolution = 1-2%
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H > ZZ - 4l: results

1 S Py e > CMS Preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"
() E = F T =
210'F E f S ATLAS Preliminary 7 3 [
? 10:2? 212 [ s-7Tev: Jldt-as’  HozZ'sa ||| 60 My=91.17 +0.23 - 0.22 GeV I
‘_3'18-43 Ly vs=8Tev: JLat = 20.7 b ] 7 T I',=2.86+0.51-0.47 GeV
® -5 é_ 2 i + Best fi ] E -
<_<E>> :118'6? o - Lol . Q S0C o Data
3 Sl | O r T --- 95% CL a LLl : *
107 3 p %2 3 ’ o, without MSS(e) and . 40— DZY
10‘3 3 Observed m, -§ B MSS(n) in lighter colours | C -Z+X
11()(_)102_ s — Ob::::ed rr::iK:,pr/m‘I orV,| ;z 2? ‘ i 30;_
e Wlmee ] : ] 3
10-12 %_ ':: CMS Preliminary';: _% o 1; : ] 20:
1018 E LY HozZodl 4 F T 1 C
10ME N E=TTevL=samT = i 1 10
1015 E L -eTevi-ten’] = R IR IR TP IRN BPRTr ISR -
10‘16§| 1 | 111 ‘ L1l I.il‘l 1 \l"\ ‘ 1111 | 11 h"ls‘l 1111 | 111 |§ 0122 123 124 125 126 127 128 O_ — = -3kl
110 120 130 140 150 160 170 180 50 60 70 80 90 100 110
s | m.. [GeV] | My [GeV] m,, (GeV)
7 =670 DTS - 125.8+0.5| TS cM>
Z°bs B 7'2 Z,ps=6.60 Mx = 030 | Mx=124.310.7GeV | | Z>4l standard candle
exp — /- Y Zexp =440 M= 0.91 -0.24 n=1.7 +0.5 0.4 m,=91.2£0.2 GeV
. . [, =2.9+£0.5GeV
Points to note:

— >50in one decay mode

— di-jet tag does not help much in sensitivity (too few expected events),
but is needed to assess the relative contributions of ggF and VBF production (will be shown later)

— ZZ->4l channel provides the most accurate mass measurement
(CMS: event-by-event mass uncertainties improve the measurement by about 8%)

— signal strength is about equal to the expected
— Z->4l standard candle allows one to validate the mass (and future width) measurements
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H-> vy

3 e * Analysis strategy:
o C elected diphoton sample 7 . X
R * B2 s — two isolated high-p; photons |:>
‘g O egg mmmmeeees Bkg (4th order polynomial) i m
% s000— ATLAS Preliminary — — vertex YY
RS H-yy -
4000 - * CMS: from recoiling charged particles
2000__‘S=7Te"{“"=4'8‘b' = * ATLAS: from photon pointing (longitudinal ECAL segmentation)
[ Vs=8TeV, [Ldt=20.7b" . . .
- E — di-photon mass is the key observable
g | + : — split events into exclusive categories:
VN tt ¥ + untagged, and further divided into 4/9 classes based on
g — expected mass resolution
u — expected S/B-ratio
* di-jet tagged (VBF), and further divided into 2 classes based on
— expected S/B-ratio
290001 (s praimmnary | ——paa ] * ATLAS: low mass di-jet tag (VH)
O [ {s=7TeV,L=5.1 10" (MVA) S+BFit ] * MET-tagged (VH)
L = _ PIPAPRRANETEITE Bkg Fit Component ]
24000_ {s=8TeV,L=19.6 o' (MVA) %f;‘; . . |ept0n_tagged (VH)
o I i — background: from mW-distribution sidebands
[ L i
03000 .
| i ]
k®] B i
22000 -
c i i .
> I ] * Analysis features to note:
21000:— ] — bad S/B-ratio,
F ] — but high event yield (500 events vs 20 for ZZ->4l)
& O fo i T30 140 150 — di-photon mass resolution = 1-2%
m,, (GeV)
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Word of caution: purity of tags

Inclusive
Unconv. central low p T

Unconv. central high th
Unconv. rest low P
Unconv. rest high th

Conv. central low P
Conv. central high P,
Conv. rest low P
Conwv. rest high P

Conv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET"* significance
One-lepton

Andrey Korytov (UF)

— ggF mVBF

ATLAS Preliminary (simulation) H— vy
I
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H > yy: results

1 —Cleslel |:|7|T?\|/|IT:|5|';Ilfb:|\:§|:|8| \e\V‘|L|T|19\6\Tb\—1 = U L T T T T T T T T
% E | | | . | ‘ l.t I I 3 3:—_ All systematics ATLAS Preliminary ] MET oS prtmina
© _&'," t : \‘i"' E1 Foemee- Without mass scale uncertainties Hes ] — oLt 1b" (MVA)
? N b 4§ G Ea— O o Without systematic Y ] Electron | NS =8TeV,L =196 15" (MVA)
Ql0 g W \} -------------- E 25 + Bestfit - Muon| % Ry
— C RETONU |_'_:' ________..---:: E r v ] Di-jet loose my, =125.0 GeV.
8 E —.‘. ‘._ :-. 720 C 7 Di-ieHight_ ; 0/Gg,, = 0.78+0.28-0.26|
3 10"2 E -'-,':' = 2__ ] Untagged 3 [
§ ,/';é C ] Untagged 2|
0 i ;’ 130 1.5 } { Untagged 1 [
103 = \, '." 3 F ] Untaggedo___ _________________________________________
;.,\ A L x,/' ; 1;—_ s oL \s=7 Tev,_[Ldt=4.s o —; Unhg::e;— 3
-4 AN i Rd — e o -1 n [
10 g ‘\” —— Hsvy obs. 54 05k . . 95|A>CL PN B B .‘S.Z?T?\/"f.l-fﬂlzz.o'? g llj,n:::i— I[:
F oo —+{ame Exp.for SMH |40 124 125 126 127 128 129 130 L
5| Termeeet see\E =7 TeV | m,, [GeV] Umaggedom' T _.? e
10 E CMS preliminary (MVA) |....ys = 8 Tev E A i i Best Fit o/ogy,
_\III|IIII|IIII|IIII|IIIIIII\\IIIIII\\\\_
5 130 135 140 145 150 | e I I I
CMS: ATLAS. ) CMS ATLAS Hyy — — _;‘:ti‘l
. E —olat.
- . - + g — Syst.
ZObS 3 Z 6 ZObS — 7.4 o mx 125.4 - 0-8 mx - 126.8 'I_' 0.7 Gev Hyge — H— e —H oy 3
Z = 42 (o) _ — 0_78 i- 0.27 _ JLdt=48f" E=7TeV ]
. Zexp - 4'1 O u u = 1.65 i- 0-33 Hoghent _ V|'Ldt=20.7f’o",\’§=8TeV_7
. E ATLAS Preliminary
Points to note: weop | e RSP
oo by b by o by L
— CMS: significance is reduced compared to ICHEP: O aeength
* ICHEP (10 fbl): observed = 4.1, expected = 2.7 + 1
*  Moriond (25 fb1): observed = 3.2, expected =4.2 + 1 5 10 R ‘
* New data show fewer than expected signal-like events S T cs:::::m o 3
* The expected sensitivity evolves as sqrt(L) 3 1_ ’ E
— CMS: alternative analysis results: Z=3.9 (exp. 3.5) and p=1.11 £ 0.31 o ___fC__\__—, B
* statistical correlation between two analyses is found to be 0.75 f Dz Gas®y_ 320
» taking this into account, stat significance of the difference in results is 1.5 ¢ " DM”J o R
. . . 0°E o ;L‘dsl:tae'b' 3 ’
— ATALS: yy-signal stronger than expected (consistent with SM at 2.30) " F arias prliminary ) :
. . . 10‘4“‘!\‘!!\'Ililillrll‘\ll‘\lll‘ll\‘
— ATLAS: yy-signal narrower than expected (stat consistency is 1.80) O TR

— CMS and ATLAS: mass measurements limited by systematic uncertainties
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Evolution of m, with time

130 :
129 ¢ July November April
2012 2012 2013
> 128
v -
O 127 |
A &
g 126 114 + + +ﬂ CMS: 125.7 + 0.4 GeV
c 125 §<> S + ATLAS: 125.5 £ 0.6 GeV
8 124 : +
_8 -
3 123 [
1] - Points to note:
> 122
- O Y ATLAS — mass uncertainties: 0.3-0.5%
121 O 4L ATLAS and CMS Il best-fi
E B combination CMS - an overall best-fit
120 E values agree

— ATLAS has 2.30 tension
between yy and 4l
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H-> WW > lvlv

200—PIIII|IIIIIII|IIIIIII|III|III|III|III|II

> 200[ 7 ¢ Analysis strategy:
3 - ATLAS Preliminary —¢— Bko subrracied Daia - y g_y
2 sonNs=7TeV Ldt=ast’ [ Hiescey E — two prompt high-p; leptons
2 " \s=8TeV,] Ldt = 20.7 fb" - — MET
0 T HoWW Siviv + 071 jets ] I . h Is:
0 100l ] — split events into ee, uy, ep channels:
B + ] » different S/B rates: Drell-Yan in ee/up !
50 . — split events further into 0/1-jet:
- . » different S/B rates: ttbar in 1-jet !
ok i — ATLAS: m,-distribution
_I I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 | 1 l_+_| 11 1 I 11 1 I 11 1 I 11 I_ - CMS:
60 80 100 120 140 160 180 200 220 240 260 - Different-flavor: 2D distribution N(mj,m,)
my [GeV] » Same-flavor dileptons: cut-based analysis
G g g e — Backgrounds (for low mass Higgs):
% 350 - data — m,=125 GeV CMS Preliminary ] % E-'-data — my=125 GeV CMS Preliminaryz . . .
8 T miws s sromisn | 8 ool M m s oso i 5] *  WW, tt, W+jets, DY+jets, Wy: from control regions
P Zoog_gi;’(@syst. o ro_ 5 ook o e « ZW, ZZ: from MC (very small contribution)
5 250 15 ]
° 200§ —; ° 150~ .
1w 1* Analysis features to note (m,=125):
100 |- — r ]
of 1 = i — OK S/B-ratio
2 et e o S — fair signal event yield (200 events)
g 2f g 2 .
5.0 ;¥m+w\\}«w\tf§w E &\#& mmm@}@\\ﬁgg — poor mass resolution 20%
o0 30C 0 200 250
m, [GeV/c?] mi® [Gevic?]
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H-> WW - lvlv: results

8 :CMSPreIiminary ----- Expec‘ed Q.O ||1||I|||||-||.||||ll||||||||||||||||l|||-1|l
S N T o, —— Observed T 402 ATLAS Preliminary (5= 7 TeVJLot- 461
2 251 wLww-2i2y 0/1-et — Ikectlnm Tz ael 9 H-WW sy f5=8TeVilot=20.7 b
.E B |:| Injection = 1o 10 e 0bs' . 110

g) r C] Injection = 20 L EXp m" =125 GeV \:It20 ;
0 20 -

r 0 110 120 1;0 140 150160 170 180 150 200
- =T 45pT T ey 25 x
10 £ 4 = ATLAS Prellm E
i = _ —_ 3
: % 3_5§' C_ u - 1.01 -I—- 0-31
- g s 7 (m =125 GeV)
: ~~~~~ - @ 2-5; ---- - o =
0_ x” L Il L L 11T [P CNEEY CHNEP SRREY SEREP D 10' Alllllllllllllllllllllll 2; *::x2014;tl2)0(12:)11+2012)_; 10
100 200 300 400 500 600 120 130 140 150 160 170 180 19FG %/(i 3= —a— H5ZZ7 1 (201142012)
e =
_ _ y [GeV] ~ _ H s
(m=125) Z,.=4.00 (m=125) Z,, =3.80
— _ 0
Leyy=5.00 Zeyn=3.70

Points to note:
— CMS and ATLAS see broad 4o excesses in the low mass range
— poor mass resolution does not allow to pin down the mass and hence signal strength

— the broad accesses are consistent with SM Higgs rate (m,=125 GeV) and the
instrumental mass resolution (see injected signal)

— curiosity: both CMS and ATLAS have an extra 1o excess between 130 and 200 GeV

Andrey Korytov (UF) Tallahassee, 13 May 2013 11



H > tt (CMS update since HCP)

Data recordod: Sun Nov 26 00115:46 2012 CEST C MS .
Run/Event: 207898 / 97057018 : \ Y Ana |ySIS Strategy:
B — di-tau candidates: et,, Ut,, ey, U4, T, T,
i~ _k‘_l\\{luon: pr =31.9 GeV - M ET
sz — DiTau mass (including MET): key distribution
Jet: p, = 80.5 GeV jw%\mf b sea e — split events into jet categories:
T * 2-jets (VBF-tag): best S/B-ratio
Tau: pr = 44.0 GeV * 1-jet (ggF, VH): acceptable S/B-ratio
* untagged: control region (S/B=0)
M. = 1203 GeV — split 1-jet events further high/low p; tau
» different S/B rates

CMS Preliminary, VS=7-8TeV, L =243 fb" — Backgrounds:
g [ ewer,ut,nr  OF s 1 e 7>ttt Z>up (data) with a simulated p-t swap

L @ Bkg. Uncertainty
=, 1000 " *  Z->ee, W+jets, ttbar: MC for shapes, data for normalization

S s * QCD: from control regions

E 800f K
v o
Z [ , ]
T 600l 700 50 — .
2 I M 16V * Analysis features to note (m_=125):
£, cod :
D dor e . — poor S/B-ratio

- : tt =
E 200 . — small signal event yield
» i — Higgs is on falling slope of Z-decays

0 L .
0 100 200 300 — poor mass resolution =15%
m,. [GeV]
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H > tt: CMS results

4 CMS Preliminary, y5=7-8 TeV, L =243 fi" H > < CMS Prafiminarg aT-0 1oV, L24 3 1%, Hoom CMS Preliminary, Y5=7-8 TeV, L=24.3 fb", H—tt
o a m,, =125 GeV —_~ 4_0 &+ 1ot
=2 - i 1
g 107 10 o c —e— observed
y T —— H(125 GeV) expected
= 20 ——————— T, bl [ + 1o expected
8 % er, + 20 expected
4
30 wr,
10 CMS Preliminary, YS=7-8 TeV, L=24.3 fb", H->tt
T T T i T T T T T
m,, =125 GeV
10 —e— p-value observed 1-Jet
S p-value expected
. 2-Jet (VBF)
107 .
- VH-1t+l
10-8 PR TR T 1 PR T N [ T 1 . PR T B T |
110 120 130 140 ) 140
m [GeV] —— Combined
H o ! m,, [GeV]
Z - 2 9 o) best fit for o/cg,
bs = < m, =120 *°, GeV
Zeyp = 2.6 0 (M =125) n=11+0.4
(m =125 GeV)

Points to note:
— broad access (poor mass resolution), consistent with SM Higgs rate

— close to reaching a 3o-sensitivity: fair sensitivity for measurements

— 1-jet channel has a respectable weight in the search

— VH(tt) analysis is updated too; its sensitivity can be seen in the p-compatibility plot
— despite poor mass resolution, the TauTau channel is not completely mass-blind !

— ATLAS has not been using hadronic tau-decay yet (most sensitive channels in CMS)

Andrey Korytov (UF) Tallahassee, 13 May 2013 13



VH, H > bb: no updates since HCP (yet)

Q 11 1 T T -
g -1 E_\ _:1"

o 10°F \/\ _______________ E
® | e

o -2 e K"/:—

GUOE e
3= _BG

107 CMS Preliminary E

\s=7TeV,L=5fb" ]

104k 1s=8TeV,L=121fb" |

g VH(bb), combined E

5[ —@— Observed a

1 0 g ---9--- Expected from SM Higgs E

1 0‘6 L 1 Il i 1 l i 1 1 1 I L 1 L 1 l 1 L 1 1 [ 1 1 1 1 l
110 115 120 125 130 135

my, [GeV]

2!()t’s = :!||:! (J;

Zoo = 2.1 0 (m =125)

Brief summary:
publicly available: 5+ 12 fb!; update with the full lumi is expected shortly

Z(I'T")H(oby

Z(VV)H(bb)

W(lv)H(bb)

\s=7TeV,L=5.0fb"\s=8TeV,L=12.1fb"

CMS Preliminary my =125 GeV

PR R I B

4 2 0 2 4 6
Best fit o/cg,,

pu=1.3=+0.7
(m =125 GeV)

10"E

ATLAS Preliminary VH (bb)

- 2:: [ Ldeart (&7 TeV.j Ldt1301b’, {5-8Te
\—-‘—'

T T T LI LT T LT TP PP

- I I T I ) I 0 T I ) I l -
1 1 1
U™

Z .= none

Zeyp =10 (m=125)

Event classification: 2 b-jets + (ev, pv, ee, py, w); V has low/high-pT; events with high-pT: tight/loose b-tag
CMS: 20-excess with a signal strength consistent with the SM Higgs boson: u=1.3 +0.7
ATLAS: deficit of events, but statistically consistent with the expected SM Higgs boson signal

mass resolution =10%

Andrey Korytov (UF)

Tallahassee, 13 May 2013
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ttH, H > bb: CMS update, but 5+5 fb* only

o - CMS [s=8TeV,L=51fb" )

£ Lepton + 26 jets + >4 b-tags ttH(125 @
>

w

B ttif

B i cc

M ti:0b

B Single t
tt+V

B EWK

7, Bkg. Unc.

—— Data

95% CL limit on o/cg,,

Data/MC

02 03 04 05 06 07 08
ANN output

K > 5.8 excluded at 95% CL
(m =125 GeV)

Brief summary:

— publicly available: 5+ 5 fb'; update with the full lumi is expected shortly

— Event classification: bb+(lvjjbb); bb+(Ivivbb); events are categorized based on # of jets and # of b-tags
— very small event rate; fair S/B-ratio

— MVA-shape analysis: exclude u>5.8 at 95% CL

— To reach 20-sensitivity, we need 30 times more data

Andrey Korytov (UF) Tallahassee, 13 May 2013 15



2 I VAY,

CMS Preliminary H— Zy Weighted to S/(S+B)

= s=7TeV,L=5.0fb"
1600 Is=8TeV,L=19.6fb"
1400 - Electron + muon channels
C —@— Data
s 1200 — —— Background Model
Q o .
- —— Signalm_ =125 G@V x 100
O 1000 anal 6 )
Q', - - +10
3 so0f .20
c C
S 6o
w C
400 |
2008
fo0 110 120 130 140 150 160 170 180
m,, (GeV)
2 40 I T I T T T T I T T T T l T T T T ]
— : ‘ —— Observed :
4 : . 3
m : i - == Median Expected Z
¥ N i .. I Bxpected = 10 -
‘:’_‘ Expected + 2 0 5
@) S O OOt SO OO ORUR: SO
X
v
'_\O\
RIS T EA— S— ———
[aa]
X 18 e
o}
e

my (GeV)
Andrey Korytov (UF)

1 1 1 1 l 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 i
?20 125 130 135 140 145 150

Analysis strategy:

— two prompt leptons: Z>ee, Z>uu

— isolated photon

— dilepton-photon mass is the key observable

— split events further into classes, based on “geography”

of leptons/photon and photon cluster quality
+ different mass resolutions
» different S/B-ratios

— Background: fit using sidebands

Analysis features to note:
— very poor S/B-ratio

— very small event yield

— mass resolution = 1-2%

Results:

CMS (m,=125): p>10is excluded at 95% CL
ATLAS (m_=125): u>18is excluded at 95% CL

Points to note:
— need 100 times more data to reach 2c-sensitivity

Tallahassee, 13 May 2013
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H > pu (ATLAS only)

§ O ATLAS Prolminary w2 2o Analysis strategy:
5 10° ::j?;ev'h‘":?"”’" I oz T — two prompt muons: up
c 407 L [] H[125 Ge) . .
& 106 — dimuon mass is the key observable
:8 — Background: fit using sidebands
,103
102
10 Analysis features to note:
e — very poor S/B-ratio
» 1.2 .
s . — very small event yield
© 1§ E .
° ol — mass resolution = 2%
~30" 700" 120 140" 160 180 300 220 340 360
m,, [GeV]
g' ’UEHALI'II.'A'.SIIF"r'éIi'ﬁir;éer'””"I_;”':”"””'ME Results:
C —ur .
= 60 —observed =
€ C 3 .
3 of m- Expected jun:zm ] ATLAS (m_=125): p>10is excluded at 95% CL
;3  [+20 s=8TeV ]
8 *F E
305— _f
20F- 3 Points to note:
10F- - — need 100 times more data to reach 2o-sensitivity
0:. R o T S N S
110 115 120 125 130 135 140 145 150

m, [GeV]
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Significance of the excess near 125 GeV

ATLAS CMS
expected observed expected observed observed

H->2z 4.4 6.6 7.1 6.7
H->vyy 4.1 7.4 3.9 3.2
H>OWW 3.8 3.8 5.3 3.9
H>t 1.6 1.1 2.6 2.8
H->bb 1.0 0 2.2 2.0 >4
combined 7.3 10 stopped computing

Higgs-like signal is certainly there beyond any reasonable and unreasonable doubt

Andrey Korytov (UF)

Tallahassee, 13 May 2013
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Is X126 the SM Higgs boson?

— What can we tell about the X126 width from the mass line shape
(not available)

— Compatibility of event yields with the SM Higgs boson

— Recast the event yields into “measurements” of couplings
— Spin-parity properties

— |s X126 one particle?

Andrey Korytov (UF) Tallahassee, 13 May 2013 19



Consistency of event yields (2)

\s=7TeV,L< 5.1}fb" \s=8TeV,L<19.6fb’

_— | | | | | I
H=080+0.14| p_ =0.65 I |
| W,Z H f_> bb
\s=7TeV: |Ldt=4.71" —
H— bb I u \z=8T:v;ILdt=13fb"
n=1.15+0.62 T H - 11 |
| Vs =7TeV: [Ldt = 4.6 b —
H | Vs =8 TeV: [Lat (=*13fb'1
2 0k 04 -+ H- ww" S vy !
= 1100 | Vs=7TeV: [Ldt= 46" +
\s=8TeV: [Ldt=20.7 fb"
H- = H— vy
Y—yo 77+0.27 Vs=7TeV: [Ldt=481" e
p=BAE0 | \s=8TeV: [Ldt=20.7 o
| H— z%‘ ) 4]
H—- WW | =7TeV: [Ldt= 461"
_)1.1 =0.68+0.20 - I ooV [Ldt = 20.7 1" |—e
| :
Hes 77 | Combl?ed p=130+£0.20 {
— - \s=7TeV: |Ldt=46-48f0" i
u=0.92+0.28 B | Vs =8TeV: [Ldt = 13-20.7 fb” |
1 1 11 I 1 1 ‘ 1 1 11 I 11 | 1 l 11 11 | | | | | |
0 0.5 1.5 2 2.5 -1 0 1
? Best fit o/o,, o L
Signat-strength ()
p=1 u=1

CMS best-fit signal strength ATLAS best-fit signal strength
n=0.8010.14 n=1.30%0.20

Andrey Korytov (UF) Tallahassee, 13 May 2013 20



Is X126 the SM Higgs boson?

— What can we tell about the X126 width from the mass line shape
(not available)

— Compatibility of event yields with the SM Higgs boson

— Recast the event yields into “measurements” of couplings
— Spin-parity properties

— |s X126 one particle?

Andrey Korytov (UF) Tallahassee, 13 May 2013 21



Production x Decay parameterization

8 independent parameters to describe all currently relevant
decays and production mechanismes:

| R
o(xx > H)-BR(H — yy) o —/—=
— Tww I
_ I-zz untagged VBF-tag VH-tag ttH-tag
— I-bb
— r“

— I, (loop induced)
— I, (loop induced)
—- T,

— [;or (including H = “invisible”)

— Zy and pp still have too little sensitivity to affect anything in the combination

For couplings of interest, introduce scaling factors k w.r.t. the SM Higgs couplings

Andrey Korytov (UF) Tallahassee, 13 May 2013 22



Look for new physics in loops: _and

CMS Preliminary {s=7TeV,L<5.1fo' \s=8TeV,L<19.6fb"

Two-parameter fit

o @\ — use all channels
0.8:" N \ “.“ ]
N ~ J H ]

~

A — assume tree-level couplings = SM
0.2 — assume BR(BSM)=0
) — Fit for: k«

V’Kg

2 o ATLAS Preliminary + SM
" \s=7TeV,|Ldt=4.6-481" x Bestfit

E Vs=8TeV, [Ldt=13-20.7fb* — 68%CL E
1.8F --- 95% CL E

1.6F
145 -7
12

Data are consistent
with (k; k.)=(1; 1)

0.8
0.6

cle b b by b b by b Ly ol

0.9 1 11 12 13 14 15 16 1.7 138
Ky
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ina

E 4 55_ K'yi Kga BRBSM — Observed ]
< - ---Exp.for SMH [
Al 4.0 5 ]
3.5F -
3.0 -
2.5 -
2.0 -
1.5(- =
1.0 ]
05 3
0.0 5 —l‘l’l‘l’l’l i liiviiding Lo Lovunrnnay u
0 0.2 0.4 0.6 0.8 1
BRBSM

—~ 10 N RS e ERRRREE
o~ oF ATLAS Prellmlnary [K'YK Bu] 3
i 8§ Is=7TeV,[Ldt=46-48f" — Opserved F
o E is=8TeV, |Ldt=1320.7fb" -- SMexpected E
7E =

6 E

5 =

af =
3 .
2 =
1E =
0 con PPN RPN PPN PSP 0 [ B

0 01 02 03 04 05 06 07 08 0.9
Bi,u

Andrey Korytov (UF)

Three-parameter fit
— use all channels

— assume tree-level couplings = SM
— allow for BR(BSM) # 0O

— Fit for: BR(“invisible”), k, , K,

CMS: BR(BSM) < 0.52 at 95% CL
ATLAS: BR(BSM) < 0.58 at 95% CL

Direct ATLAS search for ZH-> (II)+MET:
BR(inv)<0.65 at 95% CL
assuming SM HZZ coupling

Tallahassee, 13 May 2013 24



CMS: C5 model (almost a measurement)

8 independent parameters to describe all currently
relevant decays and production mechanisms:

{s=7TeV,L<51fb" \s=8TeV,L<19.6 b’
- I-WW 9 I(W CMS Preliminary = 68% CL
== 95% CL
— Iz 2 K k
Kw .
— I, -2 K,
KZ s o
K e —
. L B — L ———————
— I, (loopisresolved) = Ky, K, : i
— I, (loop is resolved) =k, K, W —e—— p-om
NI BT ETET AR SRR | EEETEE A B R
_ 0 05 1 15 2 25 3
— dassume BR(BSM)‘O parameter value

— Assume couplings to the 15t, 2"d, 34 generations are modified
the same way

Andrey Korytov (UF) Tallahassee, 13 May 2013 25



CMS: C6 model (almost a measurement)

8 independent parameters to describe all currently
relevant decays and production mechanisms:

a {s=7TeV,L<51f0"' Vys=8TeV,L<19.6fb"
I(V CMS Preliminary i 68% CL
. == Q5% CL

T >k A

_ K| i—
K j— —
2K,

— I, (loop induced)
— I, (loop induced) 2K,
— Ty 2 K, '

111111111111111111111111111111111111111111111111111

— assume BR(BSM)=0 005115 2253354455
parameter value

— Assume couplings to the 15, 2"9, 3" generations are modified
the same way

Andrey Korytov (UF) Tallahassee, 13 May 2013 26



Is X126 the SM Higgs boson?

— What can we tell about the X126 width from the mass line shape
(not available)

— Compatibility of event yields with the SM Higgs boson

— Recast the event yields into “measurements” of couplings
— Spin-parity properties

— |s X126 one particle?

Andrey Korytov (UF) Tallahassee, 13 May 2013 27



Spin-parity (J)

CL, values for testing J° state hypotheses vs SM-like Higgs boson (0*,)

; CL, <0.05
CL,<0.01

YY

WW

ZZ+WW

YV

0*, 0.081

1+

gg > 2"m 0.015

0.04

qq > 2*,,

WW

comb

gg>2

Example:
Spin-0 Lagrangian
(lowest dimension terms)

Andrey Korytov (UF)

c-x|

Tallahassee, 13 May 2013
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Is X126 the SM Higgs boson?

— What can we tell about the X126 width from the mass line shape
(not available)

— Compatibility of event yields with the SM Higgs boson

— Recast the event yields into “measurements” of couplings
— Spin-parity properties

— |s X126 one particle?

Andrey Korytov (UF) Tallahassee, 13 May 2013 29



Is X126 one particle?

o 0.5 ; .
What if X126 is two bosons S © | ,
with near degenerate masses? |¢ , | |
: I ! :
— What can we infer from the mass  «_ J f | |
line shape? § o3 ; ‘.‘
* no public results yet § ,; \\
) 1 \
* back-of-envelope for current ‘%‘ 02 oo 7 S S
dataset (HZZ4L): = [
— no sensitivity, if Am < 4 GeV ‘E . --- lo-sensitivity R
— no sensitivity, if the smaller % o — 20-sensitivity
signal contributes with f<0.3 =
= [
0.0
-10 -5 0 5 10

Am=my —my [GeV]

Andrey Korytov (UF) Tallahassee, 13 May 2013 30



Is X126 one particle?

What if X126 is two bosons
with near degenerate masses?

— What can we infer from kinematics of decays?

e CP-odd contribution (cross section fraction):
f(07) < 0.58 at 95% CL

* Non-zero f(0") may be due to

— a 0™ particle with a nearly the same mass;
— asingle particle X = H(0*) + A(07) with
mixed CP-even/odd states

* No public results on other f(J?) fractions

Andrey Korytov (UF) Tallahassee, 13 May 2013

2A InL

CMS Preliminary
I — i

Ys=7TeV,L=51fb";{s=8TeV,L=19.6fb"
T T T T T T T T T T

10

— CMS Data
----- Expected

02

0.4 0.6 0.8 1

31



Summary

* |n a combined search for the SM Higgs boson,
a significant excess of events near m,;=126 GeV persists beyond any doubt
and now has been established in individual decay channels: ZZ, WW, yy

e New boson’s mass:

CMS: 125.7 £ 0.4 GeV
ATLAS: 125.5 £ 0.6 GeV

* |Is X126 the SM Higgs boson?

event yields in all individual channels are consistent with the SM Higgs boson

couplings agree with the SM Higgs boson with the current statistical accuracy:
20% (W & Z), 25% (t), 30% (1), 60% (b)

no significant modifications for loop-induced couplings (deviations < 20)
BR(H>BSM) < 0.5 (approx.) at 95%CL

100% pure J¥ =0, 1%, 2* _ states are excluded at >99% CL

CP-odd fractional contribution: f(07) < 0.58 at 95% CL

Andrey Korytov (UF) Tallahassee, 13 May 2013 32



Conclusions

* X126 looks very much like the SM Higgs boson... STILL?

* No signs for extra Higgs-like bosons... YET?

Andrey Korytov (UF) Tallahassee, 13 May 2013 33



Backup slides
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Andrey Korytov (UF)

-2In A

14

12

10

IIIlllIlllllllllllllllllllllll

- ATLAS Preliminary H - zz" - 4l
~ \s=7TeV: [Ldt=4.61"

L1 1

1
| 15=8TeV: |Ldt = 20.7 b
— 4 m = 123.8 )2 (stat +02sys GeV
—  de mH_1262”25tat +08sys GeV
+0.5

+1.9

' (
R 1.0
LT 2e2u m _1250+09(

2u2e m =122.6 , 1 (

Ll | 1

m,, [GeV]

Tallahassee, 13 May 2013
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Mass measurement

CMS Preliminary {s=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"

2 Wz —wen ] * Anarrow resonance is seen with high
N e significance in the two good mass resolution
i3 channels, ZZ(4l) and yy
i \ : Zz(4l): m, = 125.8 £ 0.5 (stat) +0.2 (syst) GeV
2 ' E main sources of systematic uncertainties:
;z ,,,,,,,,,,,,,,,,,,, (T * electron energy scale: 0.3%
122 124 126 128 . o
my (GeV) * muon energy scale: 0.1%
2y e yv: m, =125.4 + 0.5 (stat) £ 0.6 (syst) GeV
P g HggH,nH’ HVBF,VH o svst. : . . . .
S B — main sources of systematic uncertainties:
Z; " : E * electron-photon extrapolation
sk E * p;scale extrapolation from m,/2 to m,/2
37 _: ] ) ]
o E * Results are consistent with one particle X
I - proceed with a combined mass measurement
[ S A Lo N T v Lo vy

Andrey Korytov (UF) Tallahassee, 13 May 2013 36



-2AInL

1.0

0.5

e
O

CMS Prel|m|nary |s 7TeV L

Mass measurement

51fb Vs=8TeV,L<19.6fb"

.........

= N W Hp OO O N @ LO
TTT T 1 TTTTTTT

H—)'Y’Y+H—>ZZ + Combined
B + H-ovyy
+ H->ZZ
|
5 |
_I 1 I 1 1 1 1 I ] 1 Ivl | 1 1 ] 1 | 1 1
0.0 124 125 126 127
my (GeV)
CMSPrellmlnary {s=7TeV,L<51fb"' \s=8TeV,L<19.6fb"
""""" A AR ARARE LR R RN ARE LLLLLERRN
- H —>yy +H—>2ZZ | — with syst. 1
K (ggH.ttH), ]
---no syst. 1
uW(VBF,VH) -
IIIIIIIIIIIIIIII l‘ Ill 1 1111 [EEEEEEEEN
1023 124 125 126 127

my (GeV)

128

Assuming we indeed see one particle X,
one can combine the two results

e either assuming the SM Higgs-like relationship for
relative production rates (top plot)

e orletting relative event yields float free in
the almost-model-independent fit (bottom plot):

m, =125.7 +0.4 (0.3%) GeV
=125.7 £ 0.3 (stat) £ 0.3 (syst) GeV

Tallahassee, 13 May 2013 37



Mass measurement in ATLAS

Higgs Mass
my = 124.3 £ 0.6 (stat) + 0.4 (syst) GeV

m,;=125.5%0.2 (stat) _, ;*> (syst) GeV

m,, =126.8 + 0.2(stat) + 0.7(syst) GeV

Amy =m,, —m,=23_,,*0f (stat) +0.6 (syst) GeV

Consistent with Am, = 0 at 2.3c level

m,, [GeV]

7 z 4 imi
'} amnas Preliminary —— Combined (stat+sys) % 129~ ATLAS Preliminary = | ATLAS Preliminary — Combined
& F ts=7Tev[Lot- 46401 -+ Combined (stat only) S, \5=7 TeV:[Ldt = 4.6-4.8 fo £ [ 1s=7TeV:[Ldt=46481b" —Hoyy
Vo= 8 TeV: [Ldt =207 b e 5[ \s=8TeV:|Ldt=207 10" § 35 1s=8Tev:[lat=2071b" —H-2Z0 a4
6, —— H-22" >4 E 128+ i 5 C
- X Bestit s % Bestfi
: . —es%CL 5 3k
5 : 127 95% CL @ L
F i C -+ 99.7% CL F
r : H . —Am=0 2.5
e B S R R M (S 25 126 T e E
: ; F 2
3 125
L 1.5
2} 1241 £
£ - - S e 0.5
r [ P ol PP PP PPl PP PP PR
I I CANAIN AL v L, 122 122 123 124 125 126 127 128 _ 129
P21 i22 123 124 125 126 127 128 120 AT T P P T P m, [GeV]
my [GeV] 122 123 124 125 126 127 128 129

Andrey Korytov (UF)

Tallahassee, 13 May 2013
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
; Run/Event: 191721 / 76089774

2 Lumi section: 111

O

Orbit/Crossing: 28960009 / 815

Compact Muon Solenoid

Andrey Korytov (UF) Tallahassee, 13 May 2013 39



ATLAS H = Tt

o ET T T T I T T T T | T T T T | T T T T | T T T L=
= ST i “ATLAS Preliminary | Ldt=461f" {s=7TeV 3
B C H—s 1o ATLAS Preliminary 3 © - y : Ldt 1'30fbi1EE B?FeV:
~—. - r - = . s =
©  7F —e—Observed CL, | Ldt=4.61b"Vs=7TeV - 3 " observedHo rt 1
S - -~ Expected CL_ | Ldt=13.0fb", {s=8TeV 10 i E
— 6 =20 . = --- Expected for SM Higgs Boson 3
E g -:10 g E ... EXpected for SM Higgs Boson at mH=125 GeV E
4 % E 03 2
O C . c 106
2 4 = - ]
8 E E e J1c
3 = 10_1; ______________ E
oF - - 12o
- E -2_— —
- 7 10 - E
: : C 1 1 1 1 I 1 1 1 1 ] 1 11 1 I ] 1 11 l 1 11 1 B
0%00 o 720 iso 40 = o 10 TE T T Ise
E 5_ T T T T I'I'I I T T T I T T T I T T T T
o> : ATLAS F;rellmlnary D ] my [GeV]
My| @ 4F IL=4~6fb'=\’3=7TeV % best fit (u>0) -
XI C J L=13.0f" {s=8Tev —— 95% Contour ]
s 3 - e 68% Contour .
o u - # SM prediction ]
§ C /; ¢h Backgroundonly
= 2r -
- [ — my=125GeV
1 l ; -
oF =
AF =
-2F =
-3: 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 :
-2 0 2 4 6
x B/B
Andrey Korytov (UF) Tallahassee, uggF SM 40



ATLAS H > 2y

ATLAS-CONF-2013-009

Higgs to Z + photon

LA B A B B S BN B

J' Ldt=46M" fs=7TeV — Observed P,
..... Expected P,

1111

T T TTTTTT

J-Ldt=207tb"‘|'§=BTeV

Similar to diphoton channel ATLAS Preliminary

Loop productionmodes LN

T

T
NN

T

- 10 4
. . . i 1L —
Relative rate to diphoton interesting and 10 / \/ :
sensitive to BSM oo eememree 29 3
10.2,...1“..|‘...1...,1,...1...‘
120 125 130 135 140 145 150
my [GeV]
> _I T I T I T ] Y I T I T I T I i '_ o) 45 T T T T T T T T T T T T T T T T T T T T T T T T
& 390 ATLAS Preliminary = T o —Observed 1
- + st 2012 3 % 40 det_mfb As=TTev Expected -
% 300;_ aa _E 5 35) JLdt=20.7fb".|§=8Te\/ B+ E
9 250E- —-e-em HZy (M =125 GeV, 0gy,<20) 12) +20 =
w - 3 g %0 =
200F- E % o5 ATLAS Preliminary _z
150F- - s 20F E
- - = 150 =
1005 3 £ f
sof s=8TeV, JLdt =207 ", Z-up 9 5 g
- P 8393 events . 3 E
G_LLJ--I--O'-'-I-I PRI . W RSNV S S BN S A S U ANV U A AN N N AN A AR 0 Mkl ks S il bl il s s s e i o
25 30 35 40 45 50 55 60 120 125 130 135 140 145 150
Am [GeV] my [GeV]
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Consistency of event yields (1)

Combined
1=080+0.14

H — bb (VH tag)

H — bb (ttH tag)

H — vy (untagged)
H — vy (VBF tag)
H — vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— 1t (0/1 jet)

H — 7t (VBF tag)
H — 1t (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

Andrey Korytov (UF)

|
\s=7TeV,L<5.1fb' \s=gTeV,L<19.6fb"

I
CMS Preliminary m,  125.7 GeV

P, = 0.94 .l.:-._
-

Overall best-fit signal strength
n=0.80+0.14

Sub-combinations grouped by
(production tag) x (decay mode)

—-—
e Consistency with the SM Higgs:
- x>/ ndf=6.2/13
e asymptotic P(x*>6.2 | ndf=13) = 0.94
' pseudo-experiments: P = 0.87
|
Best fito/c,,,  NB: VBF-tagged channels have
| large gg->H contributions
|
u=1
Tallahassee, 13 May 2013 42



Couplings compatibility tests

* Extraction of all 8 parameters is too early with the current data

* Instead, we go after coupling compatibility tests:

— assume SM Higgs couplings
— introduce a limited number of scaling factor for:
* couplings (k): g, =k, - g™
« or ratios of couplings (A): (8./8,) =4, (83" /8™ ): A =K. /K,

r
— also can add and probe BR(H->BSM): T =T+ Ty = ——>—
1- BRyg,

* These are compatibility tests, not measurements of couplings:
— In SM, couplings are not free parameters

— Any significant deviation of scaling factors from 1 would
* imply new physics beyond SM
* require a re-fit of event yields in the framework of particular BSM models

Andrey Korytov (UF) Tallahassee, 13 May 2013 43



lJVBF,VH

-2AInL

Consistency of event yields (3)

u

ggH,ttH

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<19.6fb"
10—+
ot — Observed £
i ---Exp. for SMH [
8i . =
7} =
6l s
5| ;
4 -
3 =
of -
1F ]
0:1 RN | R B i B L:
0 1 2 3 4 5 6

H /n

VBF+VH ' ggH-+ttH

Introduce two signal strengths (p, 1)
in each of the 5 decay channels:

— M scales the fermion-coupling induced production
mechanisms (gg-fusion, ttH)

— Wy scales the W/Z-coupling induced production
mechanisms (VBF, VH)

All channels give results consistent with
the SM Higgs boson: (1,1)

These 2D-results obtained for individual decay
channels cannot be combined: they are decoupled
by independent BRs.

But the ratios p, /W can be combined
as BRs cancel out in such ratios

The need W/Z-coupling induced production
mechanisms is established with >30 significance

Tallahassee, 13 May 2013 44



Two parameters: . and

o CMS Preliminary Vs=7TeV,L<51fb" {s=8TeV,L<19.6fb" 50 CMS Preliminary {s—7TeV,L <51 fo' Vs =8TeV,L < 19.6 fb’
- . . . g— LV L T ‘
p[ 0 SMiege @ Fermophobie B Bis. only - e CURRENT
- : / 1 .5 :— p ,-’/"’ \-... i —:
i - oy AN .
; WY 1.0F { @ VP -
B - /i -
- | E / Ho1tt - ]
0.0 -
1 i - 2.c:°“"s.f"?'l’?“?"?"("?T’Y.TGY'.L.“;‘.f”]"‘ff’f"TerL.., = .
i t . OLDHCP’'12 S .
i 10f .-'"f./”<>\:~"‘=. 414 : -
g : [ I ; ]
0.5 | \ - o_s; \\9) | nae? - !
: H b o E
0 L;l L ¢} | r/ 1 : 0? ‘.‘ '\\_-/ /,"/.'..':: é | S N N IR N N | | | S S (N I N }
0 0.5 1 1.5 ] 1.0 1.5
Ky 280 o5 10 15 20 KV
. . . Ky
Fermiophobic scenario

is reliably excluded The previously seen global minimum of the

likelihood in the (+; =) quadrant is gone,
since the yy-channel is no more enhanced

Data are consistent
with (k; k:)=(1; 1)
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Asymmetry of couplings to fermions

Ratio of coupling between
down- and up-fermions

CMS Preliminary {s=7TeV,L<5.1fb' ys=8TeV,L<19.6fb"

4.5
4.0

-2AInL

5-0 "'l'[ lllll T p vl

— Observed

---- Exp. for SM H

-2AInL

3.5
3.0
2.5
2.0
1.5
1.0 0

0.5 \

[ |‘T
0'00 0.5

Andrey Korytov (UF)

2
}\‘du

Tallahassee, 13 May 2013

Ratio of coupling between
leptons and quarks

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"




Custodial symmetry: and K, (k;)

CMSPrehmlnary |s 7TeV,L<51 " \s= 8TeV L<19.6fb"

5.0 .................................... m . . . .
= FTHSW(©1je) —osemeda | * Custodial symmetry: in SM, the ratio of couplings
P 4'5: Mz K20 K E .
J 4ok b -+ Exp for SMH [ to W and Z bosons is almost not affected by loop
" 35 | corrections
3.0 s
2ok o+ Compatibility test No.1 (top plot):
1.53— : , — — use un-tagged WW and ZZ channels
1-02 — the ratio of signal event yields: ~ g, /g> = 4.,
05%‘ | | ' — Assume SM coupling to fermions (k.=1); dependence on
0.0 05 = 1 k15 """" 2 this assumption is weak
=1
68% CL w2 (1=1) — Fitfor: A,,andk,
N SOCMSPrellmlnary is =7 TeV, LI<|51fb s sTIev L<196fb C 'b'l' N 2 b |
o [ N Kf i ompatibility test No.2 (bottom plot):
:1‘ 4'05_ - Exp.for SMH ] — use all channels
' 3_5; ! _ — Assume a common scaling factor k. for all fermionic
3.0F :: . E couplings
2.5F i | — Fitfor: A, and K, K;
2.0F e |
150 . | Data are consistent with the custodial symmetry
1.0 : :
050 '-\ - * Further, we always use k,, =K, (K)
0.0y o ALyl L 5

1.5
95% CL Mz Tallahassee, 13 May 2013 47



CMS: C5 model (almost a measurement)

* Scale SM couplings by measured scale factors and plot
modified couplings vs particle masses:

H ~
- }\f(YUkawa COUleng) mf CMS Preliminary {s=7TeV,L<5.1fo" \s=8TeV,L<19.6fb"
U 1 T L T T T 17 LEREERRE LALZLLY

AN T T T T T
— 0.5 ~ - - T
(gv/zveV) mV & | |===68% CL |
D 4L |—95%cCL b
fs=7TeV,L<51f" \s=8TeV,L<19.6f" S 8 Z e gl .
CMS Preliminary % 68% CL o W Pid ]
= 95% CL < e
Kw _*i_ //a'
é 107 E
s )
I — _
” ; 102 |- -
Ky ——I-I—— P, =052 -, R :
IS B NI B Y-
parameter Value | ol 1 b b
1 2 345 10 20 100 200
mass (GeV)

Note: the magnitude of couplings we try to assess range by a factor of 100!
A test with 20+% accuracy is actually a very respectable test.
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ZZ->4L J*P analysis: discriminants

e Analysis considers alternative signal+background
hypotheses, where signal X can be either gg2>H or xx 2 JP

2
— Construct two ME-based discriminating kpzzy = MEulsg>H—40)
observables: ME+2(q7 = 40)
cpP 2
where ME are complete LO matrix elements, and m, =m,, KD(J:77) = ‘MEJ“’ (xx - jg)‘
|MEZZ (‘]‘7 — 4£)|

IME, (xx — H — 40)[ - pdf (m,, \m,,)

— Extend KDs to include discriminating information DUH:77) —

from four-lepton mass: [ME,, (47 — 40)[ - pdf (m,,122)
IME ., (cex = 7" = 40)[ - pdf (m,, 1 m..)

DU77) = .
\ME,, (qg — 40)| - pdf (m,, 1 2Z)
— Without any loss of information, D(H:ZZ)
one can change “variables”: oo 2 DOTD) IME ., (xx = 1% = 40)f
T DMZZ)  |ME,(3g—H—>40)

1
— And again without any loss of information, " 7 l+const-D(H;ZZ)

compress discriminants to be between 0 and 1 D, = L
/ 1+ const-D(J";H)

Andrey Korytov (UF) Tallahassee, 13 May 2013 49



ZZ->4L )P analysis: statistical analysis

e Build 2D-pdf’s (templates) for different processes:

fs ¥s 1 pr fs Vs

pdf( Dy Dyor |H)
Pdf( Dbkg’ DJCP J¢ )
pdf( Dy Dyev | 22)

< from MC
« from MC

< from MC

pdf ( Dbkg, DJC,, | reducible bkg ) <« from control region

00 0.102 03 040506 07 0809 1 00 0.102 03 04 05 0.6 07 0.8 09 1
Diyg Dyyg Diyg

00 0.102 03 04 05 06 07 0.8 09 1

 Weigh templates by event rates to construct expected 2D-distributions

for alternative signal+background hypotheses:
— ZZevent rate: from MC
— reducible background event rate: from control region
— Hand J signal event rate: from two fits to data

* Using 2D event distributions for alternative hypotheses,
construct the usual log-likelihood-ratio test statistic
and perform statistical analyses by generating pseudo-observations

Andrey Korytov (UF) Tallahassee, 13 May 2013

Pseudoexperiments

o°N
oD,,,0D .,

CMS prelimin
CrrTTT

ary YS=7TeV,L=51f" {§=8TeV,L=1961"
T T T
0.1 0" -

0o

0.08 [ — CMS data

N

oo
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ZZ->4L J°P analysis: results

qgqg —>1 vs H qgqg —>1" vs H gg—2. vs H qq > 2" vs H

CMS preliminary {5 =7 TeV, ' ¥s=8 ' CMS preliminary  ys=7TeV,L=511b" ys=8TeV,L=19.6" CMS preliminary  ¥5=7TeV,L=5.11" yS=8TeV, L= 196" CMS preliminary  ¥5=7TeV,L=5.1fb" yS=8TeV, L =196 1" CMS preliminary Vs=7TeV,L=5.115" \s=8TeV,L=19.6 15"
” o R ) R R A R RS =N » OA4F T T e g QA e T T ) o T T — r
2 2 2 F 12 2 R
€ 0.1+ HY 1% ig [ 10 15 o1 1.0 1% r 030 15 0.16F )
E Eo 1€ 1E o12f @ JE @ 1g o1F Ozee 1€ 2} (@)
§ .08l —CMSdata ] :{ 1 g(.{ F —CMSdata 1 :& 0.081- b :.’ o120 ; —CMSdata 38 0.14 —CMS data
[} 10 10 0.1 -1 o r 10 [ Jo -
o J0o 10 F 10 10 L 19 012
° 1B 10 F 10 [ 1= 0.1 - J°
3 3 =1 t 43 =1 £ ERY 3
2 006 -3 1% o008 | 4% o006 -2 E ] 12 o1
o 1o 1o [ o r 12 0.08F Ja
] r . N [ 1 o008
1 0.06— . Y - r 9 I 1 .
L ] F I F L ] = =
0.04 1 : : ; L 1 oo4f 1 006f 1 oosk
[ 1 004F - k E [ 0.04F 3 oo
0.021 e [ - Y 1 002 B F
[ ] 0.02¢- - y E [ 0.02- 1 ooz 1
] 7 ] r - & 1 L , ] F b
et < Lell o - C N - et W e T 5 ot i C W ' - IR A .| 1
% 20 40 o0 10 20 3 %20 -0 0 10 20 A %20 40 o0 0 20 A %% 20 40 0 10 20 a %20 40 o0 10 20 & % 2 0 o0 10 20 30
2xIn(Ly /L) -2 x In(LO; /Ly) -2xIn(L /L) 2xIn(L /Ly) -2 '”('-z;m) ILy) 2x In(Lz.m(qm /Ly)

CL,=0.0016 CL,=0.081 CL,<0.001 CL,<0.001 CL,=0.015 CL,<0.001
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P quObs

J<" + bkg)
H + bkg)

CL, =

The observed test statistic value is

— consistent with the SM Higgs boson in all J° tests 2 °8

(99)

— off the “SM Higgs median” in the same direction for all tests:
* manifestation of correlations between kinematic properties of alternative J°* bosons
* CMS data “statistically lucky”: observed limits are a bit stronger than expected

010203040506070809 1

2m+ (qq)
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WW->212v JP analysis

e Full event reconstruction is not possible, but:

leptons tend to go in one direction: small m, W ¢ > W+ .€+/7
spin-0 . — vo 8 H .
neutrinos — in the other direction: large MET & ° & °
. leptons tend to go in opposite directions: larger m,, W- e. > W V
spin-2 : ) —— vo @ (H) . A
neutrinos also go in opposite directions: smaller MET & ° K?f
L : o J’N
* To test for alternative signal+background hypotheses, we build 2D-distributions |=——=—=
M, =125 GeV 2. (125 GeV) ‘ Background Data ) amMaET
CMS preliminary L=19.5fb ~ (8TeV)

CMS preliminary L = 19.5 fb A (8TeV) CMS preliminary L= 19.5fb ~ (8TeV) CMS preliminary L = 19.5 fb A (8TeV)
100 18

Higgs

M, (GeV)

100 10 120
M, (Gev)

CMS Preliminary ys=7TeV,L=491fb" ys=8TeV,L=19.5fb"

* Using 2D event distributions for alternative hypotheses, sA o )
construct the usual log-likelihood-ratio test statistic {ro-
and perform statistical analyses by generating pseudo-observations
— | Observed CL=0.14 (data disfavor 2*, but exclusion at 95% CL cannot be claimed) o
— Observed test statistic is consistent with the SM Higgs boson :::: |, '“LLL
—  Observed test statistic is off “SM H median expected” to the left (“unlucky fluctuation”) s L( b [':t.m‘ "Z“ibk;n)
1y Hobservaton | 2" btg

L(observation | H +bkg) i
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ZZ+WW gg->2* combination

CMS preliminary ys=7TeV,L=51fo" Ys=8TeV,L=19.6fb"

R AL I LI SN L B

2 o1b - -

a:) L . 12,(99) -

o - — CMS data 7]

g 0.08 B (CLS™ =06%) |

Expected 1-CL, Observed 1-CL, g

77 93.1% 98.6% = 00 ]
WW 91.9% 86.0% 0.04] .
Combination 98.8% 99.4% ok g

% 20 -0 0 10 20 30
-2xIn(L_ /L)
2,,(g9)

— ZZ and WW have similar sensitivities, 1- CL, = 92%-93%
— | In combination, gg>2*_ is excluded at 99% CL
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