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Run [l Non-BSM nggs Studles

1

[ ratios of LHC parton Iumlnosmes 13 TeV /8 TeV

Rediscovering the Higgs at 13 TeV ;
[W.J. Stirling] /

H—Z/*— 40 [CMS-PAS-HIG-15-004]

luminosity ratio
o

H—=yy [CMS-PAS-HIG-15-005]

Searches for rare/challenging process

VBF H=bb [CMS-PAS-HIG-16-003]

HH—bbtt [CMS-PAS-HIG-16-012]

ttH (See talk by Eleni Ntomari for details)
H—multileptons [CMS-PAS-HIG-15-008]
H—bb [CMS-PAS-HIG-16-004]
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CMS-PAS-HIG-15-004

H—ZZ 48

High-resolution, fully-reconstructible final state

Similar strategy to Run |
Signal model taken from fits to POWHEG+JHUGen MC for various Higgs masses
Irreducible ga(gg)—ZZ modeled with POWHEG (MCFM) MC

~— CIMSIIIIDIe{I;nl IaI}I/I I IIIIIIIIIIII I TTTT I TT I2I|8IﬂIDI I(1IBI -Ir?\l/)
k-factor(mzz) takes MC to NNLO S 6 e Data .
c - [] H(125)

L“>J - qu—éi,iv: ]

Reducible backgrounds estimated by °F mzex

combining 2 data-driven methods af- 118 <m,, <130 GeV ]

Exploit full kinematic information via MELA 3F ! g

discriminant: oF | R

agg O H—4¢ : ]
ka - 7381g Q |m4 ) I
bkg pié(QH—ﬂLE|m4£)_|_7pbkg(QH—>4£|m4£) :
0
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ngg

OH—=4t — S variables (3 masses + 5 angles) which fully characterize the matrix element
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CMS-PAS-HIG-15-004

41
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CMS-PAS-HIG-15-005

DIs
Another rare, yet high-resolution decay mode H’s%wez all the way down...

Sophisticated analysis required to extract signal
Similar to Run | analysis (categorize = bump hunt)

Excellent photon energy resolution essential

Energy corrections

CMS Simulation Preliminary 13 TeV
- R L R R
Crystal-by-crystal response S o5 HoM Untagged 0 -
o :
. . o 03 #Simulation 3
Shower containment, material effects = ¢ E
(MVA) S F T mesa “
Shower shape, position, pre- 015F  CwmIEE E
shower info, pileup observables oap  THTH=ERE E
0.05F —

Residual corrections (Z—ee) T, ST
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CMS-PAS-HIG-15-005

H—=yy
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CMS-PAS-HIG-15-005

Y2

o CMS Preliminary 2.7fb" (13 TeV) CMS Preliminary 2.7 b (13TeV)
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CMS-PAS-HIG-15-005

H—=yy

Events categorized based on m(yy) resolution, S/B, and
production mechanism
gle no Nno ) mmeeeeeeeees

yes yes yes
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CMS-PAS-HIG-15-005

H—=yy

Simultaneous fit for
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H—Dbb

Important to establish coupling of Higgs to down-
type quarks

Hopeless to observe through gluon fusion at LHC

Focus instead on more distinctive production

modes

Run | results:
'_g‘lozg""I""I""I""I""I""I""tgé
[1506.01010] VBF VBF+VH+ttH 2
T 10 =
1.6 0.44 | ® © ]
= pp = WH (NNLO Q~CDD++$LL(?E%X'\:) —
Significance 2.20 2.60 : - :
observed (expected) (0.80) (2.70) 105 " sTwa008 1

13_ 14
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VBF H(th)JI\)/IS—PAS—HIG—TGS—OOS

Challenging all-hadronic final state
Dominant background: QCD
Triggering is a challenge

Strategy (similar to Run |)

Trigger on forward jets + central b-jet(s)

Categorize events based on MVA
discriminant

Events

Model QCD background as smoothly
falling function

Search for bump in Mg | e

6/13/16 John Stupak Il - Purdue University Calumet 11



VBF H(bt(;l\)/IS—PAS—HIG—16—OOS

Trigger
4 jets (pt > 92/76/64/15 GeV)
2 b-jets + AD,, < 3.2 + Myq > 200 GeV + Angg > 1.2
OR
1b-jet + ADy, < 1.6 + Mgy > 460 GeV + Angg > 4.1

Double b-tag Single b-tag
es=3.9% es=2.3%

6/13/16 John Stupak Il - Purdue University Calumet
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VBF H(bkC;l\)/IS—PAS—HIG—m—OOS

Offline selection
Same kinematic cuts as trigger, except:
o1(ja) > 30 GeV
ADyp, < 2.4 (double tagged events)

2 b-tag 1 b-tag b-tag score

j i i b-tag rankin
2 jets with highest Chosen by BDT g 9

D-jets b-tag score n

2 remaining 2 remaining jets PT

g-jets highest pr jets with largest An

Pileup jet ID applied (€s299% [/ eg~10%)
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Plus:

Angq
Adgq
Aﬂ&‘FAW&

pr(qqbd)

p-(qgbd)
CSV;

CSVsy

6/13/16

CMS-PAS-HIG-16-003

VBF H(bb)

Event categorization based on BDT (with minimal
correlation to my,)

Quark/gluon discrimination: jet minor-axis width o,
[CMS-PAS-JME-13-002]

Color flow: soft track-jet multiplicity outside of b jets

2.32fb" (13 TeV)
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Preliminary 2.32fb" (13 TeV)

= VBF, m(H) = 125 GeV
===GF, m(H) = 125 GeV
7 = ttH, m(H) = 125 GeV

.
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8 9
>5 GeV
14



VBF H(th)ll\)/IS—PAS—HIG—TGS—OOS

CMS Preliminary 13 TeV
_I | T I T I T | T I T | T I T ’ T I T I T I I_
» M, = 125 GeV —

M
P
~

I

Regression trained to correct jet pt improves

. o Q SingleB selection i
Mbb resolution by 7% 2 012" e Fegressed PSR -
. . X —=— Raw ]
Targets semileptonic b decays that lead to z 0.1 PEAK =1218 ]
:: FWHM = 30.5

PEAK =117.1
FWHM = 31.2

mismeasurement due to undetected neutrino o_ogf

Trained using tt events, validated with Z+jets 0.08f .

0.04}
Signal extracted from simultaneous fit to Mpp

across 7 categories

0.02f

B o0 150300550
Signal: Crystal ball + 3rd order polynomial My, (GeV)

QCD: 5th (4th) order polynomial for single (double) tagged categories
times a transfer function

Transter function accounts for shape differences between categories
(derived in mpp sidebands)
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CMS-PAS-HIG-16-003

VBF H(bb

1 b-tag

6/13/16

Events /5.0 GeV

Data - BKg

Simultaneous fit in 7 signal regions

2 b-tag
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VBF H(th)ll\)/IS—PAS—HIG—TGS—OOS

Combination with Run | analysis

CMS Preliminary 19.8fb" (8TeV) +2.32 fb™ (13TeV)

_I 7|||||||||||\||||||||||||||||||||||||'|||||||l|_
- \ VBF H - bb ;
< 6 — 8TeV Observed ". '
- - - 8TeV Expected -|
C}l —— 13TeV Observed .
5L 13TeV Expected\‘ |

—— 8TeV + 13TeV Opserved |'.|'.
---8TeV + 13TeV Expected '

95% CL\

N
|||I|||II||I|l|||||||||||||||

68% CL

TR

TN AL
-12-10-8 6 4 -2 0 2 4 6
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Non-resonant HH production

Measurement of Higgs trilinear coupling provides

important consistency check of SM Higgs Mechanism
1

V=-Q\*)H? + \WH’ + =~ H*
2" 2 4
H
Accessed through pair production: osy = 37.91 tb
J T4y b
o~ O-/O-SM
S c,=¢,,=¢c, =0 [1505.0224]
At = 25 -
o T 3
. . )
destructive interference |15
HH cross section particularly RN
sensitive to new physics g 05 IS
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CMS-PAS-HIG-16-012

H(bb)H(t1)

Due to small cross section, must focus on decays with large BR

Triggering is difficult in a 4b final state

bbtt mode permits triggering and has relatively large cross

section S| AAArnAats L ahads kel Aads hanas Anaadnias ades

. L g [

Consider 3 most sensitive final > .

states: bb+tntn/etn/pth S0 it
L ———

: o0 B _
Iriggers = _:
Thth channel: 2 tn » §
€tnchannels: 14 1075 E
Dominant background: top pair- [

120 121 122 123 124 125 126 127 128 129 130

production M, [GeV]
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CMS-PAS-HIG-16-012

H(bb)H(t1)

Offline selection: 2 OS leptons

2 “loose” b-jets (ep~85% /[ €q=8%)

2.7 (13 TeV)

S T -
% 300 :—;Jcﬁglllln%nary ::atnhel é tl?ata
L . % 3§ QCD
Additional requirement on MVA I 250 Orllan
discriminant (BDT) in leptonic channels 2005 N \\ B, urcertany
AN o
N g 4
. . . ] % . G, X 10
Trained to reject top pair-production 5
based on angular observables :
100
Ad)(hbb)h'l"l')) Ad)(hTTJMET)) 505_ . “*
A (hpp,MET), AR(b,b), AR(£, tn) : .
0=08-06-04-02 0 02 04 06 08

£3~80% / €8=15% BDT output
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CMS-PAS-HIG-16-012

H(bb)H(t1)

Background estimation
QCD

Yield: Taken from SS CR scaled by ratio of OS/SS yields
in CR with relaxed isolation

Shape: Taken from SS CR with relaxed isolation
Top pair-production

MC with shape corrections to top pr
/+]ets

MC with flavor-dependent SFs derived in CRs with 0,1,2"
b-jets (simultaneously fit with SR)
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6/13/16

CMS-PAS-HIG-16-012

Test for signal in Mnn

2.7 fo' (13 TeV)
> E CMS bb Thth ¢ Data
8 " preliminary channel g
= .l QCD
107 F Drell-Yan
EE E N Other bkg.
X s Bkg. uncertainty
3 N
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10_5 E_ \\\\\\\\\\\\\\ \\\\\'\\\\\'\\\\‘
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Z+jets 52+1.7 21+0.7 1.3+04
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di-boson 0.4+4+0.1 0.08 £0.02 0.11 +£0.02
Total expected background 552 +6.0 346 +4.0 48+1.2
ky = (32+03)-10 2| (1.7£02)-10 2| (21£0.2)-102
ky = 20 1.0 0.55 0.76
DATA 59 30 4
2.7fb" (13 TeV)
10°E s f i '
ECMS 5 bb HT o+ bb et, + bb TnTh
rpreliminary - combined channels !
L =
r ¥ ; i
Jxxnm,”” ”g* : ; “Wﬂ: llnm; lll?l
10 E,_ ....................... A e R T

R

95% CL limit on o(pp — hh) [pb]

-' 5. ............................................................................................................................
: s TheOrY .6 (pp—hh)
" . Wi Theory syst. uncert.
107 i Rk e Observed CLs
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CMS-PAS-HIG-15-008

ttH(multileptons)

See talk by Eleni Ntomari for details

CMS Preliminary 2.3fb™" (13 TeV) CMS Preliminary 2.3fb7 (13 TeV)
m,, = 125 GeV -=- Observed
i m, =125 GeV | Exp. (68%)
combined pu = 0. 6+ - Exp. (95%)
— trilepton 0 |
trilepton <117 (5.4 exp.)
+3.3 I - .
n=5.87 -
dilepton H
u W< 21 (2.7 exp.) :
dilepton B
u=-05"° B combined 0
AL U< 3.3 (2.6 exp.) :
R | N T .‘
4 -2 0 2 4 6 8 10 456 10 20 30
Best fit 1 = G/GSM 95% CL upper imit on u = 0/0
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CMS-PAS-HIG-16-004

ttH(bDb)

See talk by Eleni Ntomari for details

CMS Preliminary 2.7 (13 TeV) CMS Preliminary 2.7 (13 TeV)

L i Expected t1o

: B ----- Expected +2¢

Lepton+Jets - Lepton+Jets » -m- Observed
Dilepton | Dilepton N
Combined L Combined N
| | | | l | 1 | 1 | i | I | I l | | HIl| | | 1 1 1 I

Best fit u = G/OSM atm, =125 GeV 95% CL limitonpu = G/GSM atm, =125 GeV

. Compatible with
o = _201_18 U:1 at 1.70
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On the way to rediscovery of the Higgs at 13 TeV

6/13/16

As with
SM

Run |, so far all results consistent with the

Generally, more data is needed to compete with

Run | analyses

New results with 2016 data coming soon!
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