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3 Motivation

* ;5'1
/‘ « A Higgs has been found at a mass of 125 GeV X
CMS-PAS-HIG-13-005:\

% -
CMS Preliminary {s=7TeV,L<5.11' \s=8TeV,L<19.61b" -

- Signals have been seen in

fl H - vy (3.20), e |
: i-i - ;Z:ZZ. ((3..7’(51), 20 14 ;:;
H- WW (3.90') 15 E '

* Properties need to be measured! "
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- Mass (m, =125.7 £ 0.3 (stat.) £ 0.3 (syst.)) GeV) __
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. my (GeV)
- Splﬂ/CP (e.g. CP = -1 excluded at >30) = i
g 006
— Coupling to fermions? Tt
0.04—
« Fundamentally different
than coupling to bosons o

* Only indirect evidence so far f e ;
CMS-PAS-HIG-13-002 2xInL /L)
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http://cds.cern.ch/record/1542387
http://cds.cern.ch/record/1523767
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Preliminary result presented
in November 2013

8 TeV data
Observed:
La +0.5
H=14 o

ATLAS-CONF-2013-108
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Preliminary result presented

in March 2013

CMS-PAS-HIG-13-004
e Cut-based analysis with

7+8 TeV data
* Observed: 2.940
e py=1.1+04
e M = 120*9_7 GeV

SMH - ttin CMS

CMS Preliminary, ys=7-8 TeV, L=24.3 fb”, H-tt
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http://cdsweb.cern.ch/record/1528271?ln=en
http://cds.cern.ch/record/1632191

Joint effort from KIT/DESY in ee, yp final states

[ ]

2« Joint effort from DESY/Aachen in WH - |Th'[h final states
-+ Combination and Statistical Interpretation of all channels
f, — Cross check with indepedent tool (Theta)  pHysics
AT THE
ﬁi - ATLAS/CMS/Theory working group: m__group
7! ~ Very fruitful inter-experiment collaboration
" - Bi-annual 2-day workshops Helmholtz Alliance
- Development and discussion of analysis tools, such as
|  Polarization sensitive variables
&, » Background estimation methods
)

EE December 03, 2013 Armin Burgmeier (DESY): SM H - tt in CMS
AL, LR T IR Y . ST 0 e sty P -7 R N N S WD A

. _"_r"-:-_:v =T . - 2l Tl :'
o /R R

W




) Fi e . PE ;
i e . 3 L R
R, e y ' e
=il . i

" Higgs Production and Decay

gg Fusion

* 4 Production Mechanisms
- H, qgH, VH, ttH
5 main decay channels at low mass

- H - bb,H-> WW,H - ZZ,
H- 1,H - vy

—
TTTT

Tt decay has 6 final states:
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Analysis Strategy

A

e Goal: Measure coupling of Higgs to 1t @

- Final states with 2 leptons: e, p or T (More than two leptons in

-
e

=
VH) =
 Light leptons from tau decays are soft =
- Need low p_thresholds (- cross triggers) 3
: f
S e - Isolated leptons to suppress
bt p.(u) > 20 GeV, p_(t ) > 30 GeV e.g. QCD multijet events with =
jets misidentified as leptons !
et p.(e) > 24 GeV, p_(t) > 30 GeV _ o
TT p.(1) > 45 GeV - M(I, E/™) <30 GeV
to suppress W+Jets events
ee, ey, pp p.(l)>20GeV, p(l,) > 10 GeV
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e

. Di-tau mass reconstruction

)

e Use di-tau mass as discriminating variable
 Undetected neutrinos lead to underestimation of the di-t mass

e Likelihood-based method to find mass which is most
i compatible with:

» | | =
E‘f - Tau decay kinematics
19 - Visible decay products Phasespace  Expected E_

. _ of -decays :
- E_™* + uncertainty Resolution

016 CMS Simulation Vs =8 TeV ur,
‘% . —— H—1tm, =125 GeV
. . = 014
« Mass resolution: e
s O

=
-
I

- 10% to 20% (depending on

final state)
0.04]
0.02;
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/ - Different analysis strategy E o °
' ~ « No T reconstruction needed —t °. )
» Additional direct Z — Il background T °° :
* Train two BDTs | ° —

- BDT1: Separate Z - Il from Z/H - 11
- BDT2: Separate Z — 1t from H — 11

BDT; BDT, L
T CEM SM H(125 GeV) 11 3
_ b]g ! ! 7 7 Z 10 —O—olferved
Deat = / / S18(BDTY, BDT,)dBDT, dBD T} s =
tt
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Associated Production
. CMS-PAS-HIG-12-053
é  More than 2 leptons in the event o pMSPreliminay
.. > -z ]
Ba s : 25~ =[] Reducible bkg.
i Easy to trigger A — I
| N 20 ||| my =125 GeV/c—
-+ Low SM Background £ | 4 Observed
- _ Q151 l VE=7TeV [L=501b" |
-~ = But: Low cross section UL e
Ejr e WZ/ZZ is irreducible background 1= = I+4 :
: L L E
A e Other baCkgl‘OUﬂd has fake |ept0n5 055540 60 80100120 140 160 180 200

i 2
Mass plot in ppt lept, m: [GeV/c]

Ty

- estimated from data

Updated VH analyses are still being finalized and will be combined
with Non-VH channels for the legacy paper

> Concentrate on non-VH in the following

~ December 03, 2013 Armin Burgmeier (DESY): SM H - 1t in CMS



http://cds.cern.ch/record/1528147
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« Take as much from data as possible (e.g. correct modelling of
Interference of inclusive and VBF Z production)

it

oo T i ¢
AR et N e e
HTRTINNY o s

Z - T CMS Preliminary, 19.7 fb™ at 8 TeV
T T T [ T T T T [ T T T T [ T T3
------- SM H(125 GeV) 1t ]
—&— observed -
500 Czot .
)z ee - —
[ W+jets .
400 ' — Ty -

Normalized to measured cross section,
Shape from embedded data events

Z - eelpp:
Shape and Normalization from fit to
data in O-jet category

3 acp

FE bkg. uncertainty

£
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S
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eTh v
O-jet low pT(Th) . J

QCD Multijet: 200 300 f;
. . 33

Shape and Normalization from Same m., [GeV]
Sign data

W + Jets:

Normalized to data in high mT
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Event Categorization

. Use full event kinematics - |
/‘ to categorize events, based on B ;

py" > 100 GeV
pt > m, > 500 GeV | m, > 700 GeV

- Jet mUItIpIICIty ' ' 100Gev | A >35 |An,| > 4.0

. ) high p(ty)
orfr) > 45 Gev | MANPrlT high prit) | paect loose
( T HTh low prl(t,) low prl(Ty) VBF tag

baseline
T . . .
= [Fr(L) + pr(L) + EF™| R -
po{T,) > 45 GeV high p,{Ty) | Righ-priy lgboéxl.s'(t ! loose
B pT (-E h / -E l) T baseline . low p(t,) low p-(Ty,) VBF tag

B> 30 GeV

» Re-optimized since Moriond Y e o R
result baselie | low Py} i low (i) ag

* Improves overall sensitivity e

baseline low p+{) low pr{)
e Less categories inthe 7 TeV data
» 58 categories in total e N ER
|A”nj§%95sev

i
. . . ‘
- Fit for signal in all of them Categories in 8 TeV 8
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CMS Preliminary, 19.7 fb" at 8 TeV
T T T

T
===== SM H(125 GeV)—11
1.8 —e— observed
16 glat‘c
ft
1.4 [ electroweak
[—Jacb
1.2 2 bkg. uncertainty
1.0 u-:h
0.8 Loose VBF tag
0.6
0.4
0.2 [1 ks
0.0
0 100 200 300
m_ [GeV]
e Low event statistics
[ ]

High S/B

1 Jet:

0 CMS Preliminary, 19.7 fb' at 8 TeV
LEN B B S R N A L L B R R
wamene SM H(125 GeV)—1t ]

—e— observed -

Cdzo
Ty

35

30
[ electroweak ]
[Jacop J

25
EZ% bkg. uncertainty

dN/dm,, [1/GeV]

20 urh —;
15 1-jet high p _(t,) _
boost ]

10

0 100 200 300
m,. [GeV]

* Exploit boost of the
Higgs system:
Improved mass
resolution
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0 Jets:

dN/dm_ [1/GeV]

gy
e

uT channel’s

CMS, 19.7 fb ' at 8 TeV

160 T rr 1]
------- SM H(125 GeV)—11 o
140 —e— observed .
[ CJzor 1 3
120 - - tt 4 l = £
- [ electroweak ] R
0o E CJaco ] L
. ; bkg. uncertainty
sof ue, ]

0-jet high pT(rh)

0 100 200 300
m.. [GeV]

Low S/B

Important for Constraining
Nuisance Parameters




/ « Signal starts to build up in

CMS Preliminary, 4.9 fb'at 7 Te"n'F 19.7 fb at8 Te"u'

},} all channels and categories = T e
Ji? - Combine all events in Q 20F S
b [ ]
| one plot 2000 : P —
: : i i T : a0b 1
~ + Eacheventis weighted with 2 F
E{r SI(S+B) in its respective v °F S s ]
i gieoon R SwH(2s Gev) e
i | O [ 1 z— ]
= g - C—J+« -
B L [ electroweak -
y a'“ 500 - ] aco -
| X : : |
2 I 1
w o 100 200 300 'i‘f
d
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By channel:

CMS Preliminary, 4.9 fb™ at 7 TeV, 19.7 fb™" at 8 TeV

Best Fit Signal Strength

By category:

CMS Preliminary, 4.9 fb™ at 7 TeV, 19.7 fb™" at 8 TeV

m, =125 GeV .
0-jet
0.40£1.13

1-jet
1.06+0.47

2-jet (VBF tag)
0.93+0.41

T LA T T T T
: ee
m,, =125 GeV
§ * " 0.05+1.60
i ° f HH
| : -0.5441.38
| ’ el
I : 0.90+1.03
4l ] 7,7,
f’ 1.31£0.72
e e E eTh
: 0.3040.62
' : T
I —— 1 h
e 1.04+0.42
‘ H-1t
| ] | 0.87+40.29
i 0 2 4

December 03, 2013
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Best Fit for GIGSM

H—1t
0.87+0.29

2

4
Best Fit for GIGSM

e |mportant nuisance parameters shared between channels and
categories (constrained by high statistics categories in global fit) 4

e Bestfity=0.87 +0.29
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V Background only: 1x SM + Background:
o CMS Preliminary, H—tr, 4.9 fb™" at 7 TeV, 19.7 fb™ at 8 TeV CMS Preliminary, H—otr, 4.9 fb™" at 7 TeV, 19.7 fb™" at 8 TeV
= = 4.0 T | T T T | T T T | = 4.0 T | T T T | T T T |
i Dw —+— observed Dw —+— observed
i : © 3.5 median expected © 3.5 expected for SM H(125 GeV)
’ c [ ] + 10 expected c [ ] *1cexpected
i __g 30F [ ]+ 2c expected _-2 30F [ ] £2cexpected
- . E £
| |
— —
O O
2 2
[p] Tp]
()] ()]

SERIEEENEEERE
L

0.0
100 120 140 100 120 140
my, [GeV] my [GeV]

« EXcess is compatible with SM Higgs boson hypothesis over
wide mass range

A December 03, 2013 Armin Burgmeier (DESY): SM H - 1t in CMS 15 e
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p-value and Mass Scan

. : CMS Perliminary, H—11, 4.9 fb™" at 7 TeV, 19.7 fb™" at 8 TeV CMS Preliminary, H—tr, 4.9 fb™" at 7 TeV, 19.7 fb™ at 8 TeV
© 1 T T T T T | T T T | 1 10 T T T T T T T T T T
S E '\ 5 — —&— observed P
L/ @ 10" 1o Z . H (125 GeV) expected =
& = < [ + 1o expected -
Q_1 0-2 ] 0 — [ l+tZoexpected. ... ..
© +8
Q. m =15, GeV .
51073 best-fit -2
o — 5 i
6F Nu L

i 107
== 1 0-5
107
10° 2
o —#— p-value obhserved
L expected for SM Higgs

;-II 1:%; 10'10 L I L L L I L L L I 0 L L 1
o 100 120 140 100 120 140

m,, [GeV] m, [GeV]

20

1o

- Largest observed significance (3.590) at m = 115 GeV
. Mass scan: m =115" GeV

E - December 03, 2013 Armin Burgmeier (DESY): SM H — 1t in CMS
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» Analysis has been optimized since
Preliminary Moriond result

]
an
o
o

- VH channels to be added 2000
=5 - Final publication within o
the next days 1000

o

S / (S+B) Weighted dN/dm_ [1/GeV]

ns

CMS Preliminary, 4.9 fb™ at 7 TeV, 19.7 fb™ at § TeV

 SM Higgs Results in the 1t channel have been presented

- Analysis is complex due to high backgrounds and the
combination of many channels and categories

« CMS sees an excess around 125 GeV at 3.60 significance!

8l €7, LT, T, T,

e

100
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Background Rejection

B - Very channel specific in general

- Differentiate between
* Irreducible backgrounds (same final state)
* Reducible backgrounds (one or more objects misidentified)

e Main backgrounds:

CMS Preliminary, Vs=8TeV,L=19.4 fb!

30000 Ut E ;bserved
—1T

?,

|

|

:

éT — rl Bl clectroweak
E Z - 11 25000 - Fy "
T

Events

2553 bkg. uncertainty

— Z — ee/”” 20000
. W + .Je'[S 15000

. 10000
- QCD Multijet
_ 5000 %
- 1t B, 3
0O 20 40 60 80 100 120 140 160 X
HIG-13-004 m;[GeV] 4
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Event Categorization at 7

V -,_.'-".

poAT,} > 45 GeV

basaline

bt} = 45 GeV

baseline

Emisss 30 GeV/

Bkl > 35 GeV | high prip)

basaline

pdl) = 35 GeV

baselne
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Moriond 8 TeV

AR | Odet | 1-jet § 2-jet -
8 a a | 2
b/ m, > 500 GeV |

[Ary| = 3.5

. i i
z i i

j > uT, pH1,) > 45 GeV/ high pr{Ty) high py{T,}
B baseline low pyT,) low priTy)

pT{Th} - 45 Gay hlﬂ'l pT{TI'J ‘w

Eitiss 30 GeV

ep ikl = 35 GV high pr{p) high p{u}
haseing low prip) low pru)

HU bl > 35 GeV high pr() high prl)
oo tow i) iow prf

ThTh
large boost

bassline

B 140 Gev
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Moriond 7 TeV

|Arg| = 3.5

£/ E E !
/b i Ojet 1-jet | 2-jet
@ | | m, > 500 GeV o

! o piascw NS Hehe
] | h
| | e owpft)  lwpir)

- .' p‘I'{Th} ~ 45 Gay m‘ pT{TI‘v.' ‘w

haseine low p{Ty) low pri,)
Eiisss 30 GeV

bl > 35 GeV high p-{1) high pr{l)
baseine low pri) low prlu}

bl > 35 GeV high prl high prl)
e low pr) iow pyl

up
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Rhck,
A
o

~ Di-Tau Mass Distributions (et)

/ VBF: 1 Jet: 0 Jets:

CMS Preliminary, 19.7 fb' at 8 TeV CMS, 19.7 b at 8 TeV
T T T T T T T T T T T

: L 20 S cnqs,l19;7fb'1lat|8:re\!||”IIIII
3 | cawmen =] g F - Sz o 3 g wf - Suazenn o 3
‘ g 1.0~ Czo -1 g : Czorr ] g CJzomr
. = | = ; T wf =
i EH 0_3-_ I:ItiJ - EH 14F -tiJ E EH 80-_ -tiJ ]
= ) - [ acb ) [ acb ) [ acb
lrj " Z i 5253 bkg. uncertainty zZ 12 3 [5%%3 bkg. uncertainty zZ 60 [ [5%%3 bkg. uncertainty
" © os N et, . 0 ‘ et, ‘ ° [ et
o [ Loose VBF tag 8F 1-jet high p () 3 awk 0-jet high p_(t;)
i 04T 6 — boost — i
L sk 4 20F
_ . :
0-00 100 200 300 00- 100 200 300 - 00 —
m.. [GeV] m.. [GeV] m.. [GeV]
 Low event statistics « Exploit boost of the e Low S/B .
* High S/B Higgs system: * Important for Constraining
Imprlov_ed mass Nuisance Parameters
resolution A5
et channel
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dN/dm_. [1/GeV]
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VBEF:

CMS Preliminary, 19.7 fb™' at 8 TeV

30r T LA LR B B A
------- SM H(125 GeV) —tt
N —&— observed i
25 [ SM H(125 GeV) —WW =]
[ 3z ]
- | Iy .
20 - [ electroweak .
- [ misidentified e/ 1 -
[ [ZZH bkg. uncertainty ]
151 eu =
C Loose VBF tag
10|
05F
0.0 E 3
0 100 200 300
m.. [GeV]
 Low event statistics
)

High S/B

ey channel

1 Jet:

CMS, 19.7 fb™' at 8 TeV

o 7 —
() O SM H(125 GeV) —11
o - —&— observed =
- 60 I SM H(125 GeV) —»WW
— 5 CJzome ]

S 50 « =
£ i T electroweak ]
e L [ misidentified ef p J
% 40 :_ [Z253 bkg. uncertainty _:

: ep
30

1-jet high p_(u)

20
10
00- 100 200 300
m,. [GeV]

* Exploit boost of the
Higgs system:
Improved mass
resolution
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Di-Tau Mass'D-istributiofns (ep)

0 Jets:

dN/dm_ [1/GeV]
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CMS, 19.7 fb™' at 8 TeV

140 T rr I
------- SM H(125 GeV) —11 .
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120 |- [ S H(125 GeV) —WwW ] 8 e
[z h ! ’%
d i ] 4
100 L [ electroweak - i
[ (] misidentified el 11 i
80 o [Z%5H bkg. uncertainty —
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60 __ e!“l‘ ] ——
[ 0-jet high pT(u) :
40 f
20 |-
0 ™ 3 3 L
0 100 200 300
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Important for Constraining'
Nuisance Parameters ;
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" Di-Tau Mass Distributions (T 1 )

,rr,; i .f,. gqh
- '--._ b . | ,‘

VBF: 1 Jet: 0 Jets:

CMS, 19.7 fb™ at 8 TeV
;.20_....,....,....,.._
0.8 CMS Preliminary, 19.7 fb™' at 8 TeV r 18 et SM H(125 GBV]—)‘E’E 7]
S r—TTT T T T = - |
% S SM H(125 GeV)tc g : I:I. goeerved 3 =
O o7F —e— observed = 16F e 3 s
- o | |Z—>'c': b - py 1 I$
— 06 o a £ 14 | 3 electroweak 3 f
= - — - - - I i
i a: — -~ 3 Lf N No 0-Jet category 42
= =] o |:|an F 3 . -
',l-! ! = 0'5: oooooo 73 bkg. uncertainty ° 10 | T, - due to trlgger
= T F . . . . .
L 04 F C 3
g- : Th'h 8F 1-jet large boost 3 reqwrements in this
i F ‘ VBF tag 6 E .
0.3 = .
5 W channel
02fF :
. 2k
0.1F oF
F | 0 100 200 300
00 PR P S e, o
0 100 200 300 m,, [GeV]

m.. [GeV]  Exploit boost of the  LewS/B

 Low event statistics Higgs system: . o o
* High S/B Improved mass Netisanee-Pararmeters
resolution

TT channel
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ee VBF: mm VBF:

CMS Preliminary, 19.7 fb™ at 8 TeV CMS Preliminary, 19.7 fb™' at 8 TeV

LA DL L B RN B s [CT T T 1 1 r T 1T rrr
SM H(125 GeV) 1t 107 rup SM H(125 GeV) 1t
—&— observed 107 —&— observed
2 Z-opn
108 CJzowr
:lgcn
[ electroweak [ electroweak
bkg. uncertainty bkg. uncertainty
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VBEF:

CMS, 19.7 fb' at 8 TeV

ol e B L N 813
T F e SM H(125 GeV)—11 =
__(.')_ 07 F —e— observed — 16
L =
= : Cdzow £ 14
z 06fF - 5
o C
o | £ . [ electroweak — 12
R S os5fF :l aco T
i zZ I B I 2 %3 bkg. uncertainty 10F
= © L -
i._ 0.4 :— .7,
iw 0sE ' VBF tag
02F
0.1F
0.0 E P T [ T N 4
0 100 200 300
m,. [GeV] o

 Low event statistics
 High S/B

g}hchannel
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1 Jet:

CMS, 19.7 fb ' at 8 TeV

LA LR R LR LR
------- SM H(125 GeV)—11 ]
—e— observed E
. [z -
: 8« ]
— [ electroweak -

[Jaco ]

%% bkg. uncertainty ]

Thth :

- 1-jet large boost -

0 100 200 300
m.. [GeV]

Exploit boost of the
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Background Estimation in VH
g °

~+ Invert the ID cut of the object which is misidentified (Sideband)

Reducible backgrounds are estimated with Fake Rate Method
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