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CMS, |

Standard model ttH production

Motivation Production cross section at LHC
® Higgs boson with 125 GeV mass o [pb]
discovered by CMS and ATLAS 102 ‘

» Focus now on studying its properties

ttH provides a direct probe of the 10
Higgs/top Yukawa coupling y,

» Most important fermion coupling

> Only one with y, ~ 1

» Provides insight to possible new
physics

This search is at CMS

» Multipurpose detector at the LHC
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CMs, !

ttH (H—Dbb) channel

Feynman diagram

= H—bbh

Characteristics

as largest BR (=58%)

» Fully reconstructed final state

® | eptonic final state
» Greatly reduced background

Background processes

—

Leptonic — -

decay also it + jets - t! + If

possible Dominant — -tI + CC

background -tt +b
4 b jets (2 from H, 1 from each top) :-tt + Db <— Irreducible
2 (0) light fl rjets (from W -EWK
(0) light flavour jets (from W) vior | I@Single t

1 (2) leptons — u or e (from W) backgrounds ft+W,2Z Clirmiated
Missing energy (from v) VV <+=——— Dby final

selection
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The CMS detector

® | ocated at the LHC — a proton-proton collider
» Centre-of-mass energy of 8 TeV in 2012

CMS DETECTOR

Total weight
Overall diameter :15.0m
Overall length ~ :28.7m
Magnetic field  :3.8T

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

: 14,000 tonnes

Coordinate system
lq

STEEL RETURN YOKE

°°°°° SILICON TRACKERS
Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

Useful variables

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

E; and p; defined
in the x-y plane

PRESHOWER
Silicon strips ~16m? ~137,000 channels

Pseudorapidity:
1 = —In(tan(6/2))
n=0

6=90° /

6=45°

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Nn=0.88

9=10°—> n=2.44
0=0°— =00

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

AR = JAR* + Ag?

Inner detector (ID)

Calorimeters

Solenoid magnet Muon detectors
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Data and preselection

19.5 fb-1: 8 TeV 2012 data sample
= Single-electron trigger: isolated, p; > 27 GeV (e)
= Single-muon trigger: isolated, p; > 24 GeV (u, uw, ue)

Double-electron trigger: isolated, p; > 17, 8 GeV (ee)

CMS Preliminary Vs=8 TeV, L=19.5fb™

-¢-Data W+ f

o r1Bkg. Unc. i+

Preselection 2 (125 x50 Wyt
o

® Jets mSingle t

Jet multiplicity FeWz
> pr>30GeV, In| <25 SL events 10° wo

» 2 b-tagged jets
®  Single lepton (SL)

> pr>30GeV, n| <2.5(e), In| <2.1 (n)
® Double lepton (DL)

> pr>20GeV, n| <2.5(e), In| <2.4 (n)

10°

4 5 6 7 8 9 10
nr jets
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4 event categories

SL — Category 1: 26j, 4b, 1/ SL - Category 2: 26j, 4b, 1/

b 3%
@
/A

SL — Category 3: 5j, 4b, 1/

*
*
‘/" Note: Categories further split into
@ 0V high (H) and low (L) purity based
on by (see slide 6)
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b-tag likelihood ratio

MS Prelimi =8 TeV, L=19.5 b
m Events further selected based on a CMS Preliminary Vs=8 TeV, L=19.5 fb

b-tag likelihood ratio discriminant b, 5
» For each jet, b-tagging algorithm 10°

-+-Data B+ If
Bkg. Unc. i+ cc
—ttH (125) x 50 Mt + b

Events
T

combines information from track IP and E =E\7v|2b
secondary vertex: CSV parameter (C) ~ M Single t
. >
> T4,---,Cnjets USed in a likelihood function 10 It\t/\7 e

for 4 b- and 2 b-quark hypotheses

> bip = Libvp (€15 Cn) 10°
T B G+ B (G G

> Acuton b, is made in each category
to define high (H) and low (L) purity
subcategories 10

b, g discriminant
- SL events
- Sjets

02 03 04 05 06 0.7 08 09

Cuts for this category: 0.96 0.995
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The Matrix Element Method

® Provides optimal separation of signal and background
O\ 1QVT-\WA m Reduces combinatorial self-background

®  Calculates the probability of an event being signal/background

lllustrative only
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The MEM event probabilities

The ® Measured kinematical variables (y) used as input
Variables » Lepton energy and direction is assumed to be perfectly measured
» Jet direction is assumed to be perfectly measured
> Integration over poorly measured variables (E;, p,)

®  Sum over all possible permutations of jet—quark matching

wily) = o= 3 [ dx [ draday®(ee,z0)6(aPa+ 20Ph) = 3 pOONM: )W (0

perm

> Q = phase space volume of final particles x, x, , = parton momentum fraction
» & = parton flux factor, M, = scattering amplitude of process i (i = ttH, tt+bb)

» W = transfer function: probability of measuring y given x

The m 3 different probabilities are determined
Prob- > Py(y) = Ws(Y)Lopon(C)
abilities > Pgi(y) = Wa(Y)Lobon(C)
> Ppo(Y) = Wa(Y)Lppgq(C)

— Where Lopgg(C) = 3 P(Ci, ... Gol{bbagqa}:) is the b-tag likelihood
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The final discriminant

Calculation Expected distribution

- For eaCh event TS and >‘0_7_(:MS Preliminary Vs=8 TeV_ >‘0_7_(:Ms Preliminary Vs=8 TeV_
S | SL Cat- ] N SL Cat- ]
Ps, and Py, are calculated g0 e g T2
o 1 -2 1
) L . . B o ifi: —@ - Bos- —@H
®  Final discriminant is built s - i MC stat. 5 il MC stat.
504 i 3 S o HMIEHIEL 1
S r ] S r
7:) S 03 - 03 : -
Py, = e B R o
PS _|_ P Bl —|_ 7) B2 o1~ )Hﬂﬁﬂﬂlﬁiﬁﬂﬂ!ﬂmmmmﬂk = o1 o mmsﬂmm -
C fr n %mmmmmuﬁ
obclen b bbb Lol b L P wERTRIETI FRTTE FYUEE PV ST PR P A
0 0. 0. 03 04 O. 06 07 08 09 1 0 0. 02 03 04 05 06 07 08 09 1
sh sh
.07 7CMS Preliminary Vs=8 Ter >.0.770MS Preliminary Vs=8 TeVi
§ o SL Cat-3 (H) 7 § 0_6; DL (H)
= - ftsbb 1 =3 fttibb 3
Nosf —ttH N Nos— i —tH N
T i MC stat. 1 s i MC stat.
g 0.4f H . g 04~ 4
c b c C E

b
;;;;;;

o
©
T
o
w

02 02
04 ——— o1b- i
] u —— 1
e F —
07\\\\‘||\\‘\H\‘llu‘H\\‘llu‘uu\l\\\\\\‘\llr 0 ol b b b b b b b by
0 01 02 03 O. 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Pa/b s/b
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The final picture

m  Systematic uncertainties constrained

m  Ultimately the uncertainty is dominated

Systematic uncertainties Post-fit distribution of P_,, (DL)
= Signal and background predictions g e o8 Te, L1951
affected by experimental and I +paia 31 (125)
theoretical uncertainties 2 B 128) x 10 EEI'&
tt+b

I it + bb

®  Dominant systematics are B Singlé top

» Jet energy resolution
» CSV uncertainty
» tt+bb uncertainty

10

by fitting the MC to the observed
distributions

Data/MC

by the limited data = Events in the first bin are split into 2

bins based on P,
» Separates tt+bb and tt+If
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Post-fit discriminant distribution

Events

Data/MC

First presented in July!

SL category 1

CMS Preliminary Vs=8 TeV, L=19.5 fb”'

SL Cat-1 (H)
--Data [ H (125)
FABkg. Unc. B+ 1f
—1tfH (125)x 10 IM{i+cT

Mi+b
M i + bb

I Single top

SL category 2

CMS Preliminary
P,

ys=8 TeV, L=19.5 fb"'
)
$100| <020 >0.20
&

SL Cat-2 (H)
[ -&-Data [ tH (125)
i (Z4Bkg. Unc. T+ 0f
g0l —tiH (125)x 10 EM{i+cT
‘ Elit+b

i+
I Single top

Data/MC
T = +
J ¥

Data/MC

o

Events

SL category 3

CMS Preliminary Vs=8 TeV, L=19.5 fb”

<0.50 >0.50 SL Cat-3 (H)

[ttH (125)
B i+ if
M+ cT
M+b
I f + bb
I Single top

-#-Data
FA1Bkg. Unc.

—ttH (125) x 10

P
! l
0.5

Signal expected to peak towards the right
2 rightmost bins provide the best signal/background discrimination
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Exclusion limits

First presented in July!

Statistical interpretation 95% CL Upper limits on p=o/og),
® |nsufficient data for discovery _ CMS Preliminary Vs=8 TeV, L=19.5 fb"
> Analysis limited by statistics o r
©
®  An upper limit can be placed on the ttH n
cross section =
o
» Signal strength modifier: u = oy/Ogy -E
_ @
Q.
S
m  Best fit value of u after combining all o
categoriesisu=0.7+ 1.4 o | EExp.68%
. . _r D - Exp. 95%
» Large uncertainty due to limited statistics o .- Median exp. (signal injected)
-e- Observed
]
- | | ]

|
SL Cat-1 SL Cat-2 SL Cat-3 DL All comb.
Expected (observed) limit is u < 2.9 (3.3)
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Conclusion

Comparison

Defined a signal/background discriminant based on the MEM
Set an upper limit on the ttH cross section (u = oy./Ogy)
Expected upper limitis u < 2.9, observed limitis u < 3.3

This analysis represents ~30% improvement over the
previous CMS MVA analysis (HIG-13-019)

» Expected upper limit of u < 4.1, observed limit of u < 5.2
Improvement mostly due to better discrimination against tt+bb

Expansion of current analysis

» Include all hadronic and boosted final states, and H — tt
Looking forward to run at 13 TeV

» More data will provided a stronger result

2014 PhD Seminar — Daniel Salerno
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Samples used in analysis

19.5 fb~1: 8 TeV 2012 data sample

» 7 TeV 2011 sample not considered in this analysis
Single-electron trigger: isolated, p; > 27 GeV (e)
Single-muon trigger: isolated, p; > 24 GeV (u, uu, ue)
Double-electron trigger: isolated, p; > 17, 8 GeV (ee)

Signal: gg — ttH — ttbb with M, =125 GeV (PYTHIA)

tt+jets: g9 — ttqq, q="b,c,s,u,d (MadGraph)
ttV: 1+ W, Z (MadGraph)
Single top: ¢, tW, t, tW (POWHEG)
EWK: ¢ — Z/y" = ("¢ and W — v (MadGraph)
wW: WW, W2, Z2Z (PYTHIA)
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b-tag likelihood ratio

b-tag likelihood ratio

CMS Prelimi =8 TeV, L=19.5 fb”
= Events selected based on the b-tag @ \s=8Te
. . . . . c S -+-Data BT+ If
likelihood ratio discriminant 2 F Bkg.Unc. M+ oo
» Jets sorted by CSV value () N —ttH (125) x 50 =g+ gb
+
— Avariable used to identify b jets 10°E- B EWK
. - % M Single t
> Top 4 to 6 jets used to calculate b, z: - s WZ
N mvv

b = 3
LR =SS TP(Cry o Gol {0bBbaq}:) + X5 PGty oo Col{bbagaa}s) O

Note: Sum is over all possible

permutations of jet—quark matching 102
Distribution of the

b, g discriminant
- SL events
- 6 or more jets 10

Acuton b g is made
in each category to
define high (H) and
low (L) purity 0 01 02 03 04 05 06 07 08 09 1
subcategories ] b g
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The final discriminant

Calculation Expected distribution
[} 3 d|fferent probab”lt'es are CMS Simulation Vs=8 TeV CMS Simulation Vs=8 TeV
d . d % SL-Cat. 1 (H) E % SL-Cat. 2 (H) 3
etermine S o4 — b ER — b E
0.35F- Dan E 0.35F [an =
> Ps(y) = Ws(Y)Lopon(C) 5 E osf- E
> Pgy(y) = Wa(Y)Lopon(C) e E
= 0.2 3
> Pooly) = Wely) Lopge(C) G I I
— Where I ; °“§3: _|__'_ -
Ebbqq = Z P(Cl? ) C6|{beQQQ}Z) 0»05; ’E 0~05§“ =
is the b-tag likelihood ‘“‘o"‘bi"b_é"b.é”bi"b.s‘"b.é"b_i"b.é"b.él‘j;"b Co"'b_{"b_z'"b_s"'b_i"bé"b,é"6.7‘"6.6"b_éF');b
. . .. . . CMS Simulation Vs=8 TeV CMS Simulation Vs=8 TeV
]
Final discriminant is built g — DR o
P PS > 03 — th+bb - > o5l — th+bb ]
b — C Cen ] N [en ]
s/ Ps + )\b/jPBl + (1 - )\b/j)PBQ o.zs:—|+ - odf E
> )y Sets the relative ratio " } N RS -
between tt+bb and tt+] | e :
packgrounds B e
°o“‘61‘“b.z‘“b.é“b,é“b.s“‘b.é“b_i“b.é“b,é‘;"b "‘o‘“b_{“b_z'“b.s“‘b.a‘“b,s“'b,é”é.i“b_é“b_éF‘);;
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Systematics and the fit

Systematic uncertainties Post-fit distribution of P,

CMS Preliminary Ys=8 TeV, L=19.5 fb"’

®  Signal and background predictions g
. ] SL Cat-
affected by experimental and g o Data B 1 (155
. o Bkg. Unc. C I
theoretical uncertainties = i
Luminosity 2.6% =3: .
Pile-up omitted I Single top
Trigger and ID efficiency 2.0%
Jet energy scale and resolution shape
b-tagging shape s
tt+jets modelling shape ‘ 3
tt+ heavy flavour 50% 1T
Parton density function 39% eSS
QCD Scale 1-20% 00 01 02 03 04 05 06 0.7 038 0.9P 1
Limited MC statisti bin-by-bi =
imite statistics in-by-bin I ——

Data/MC

®  MC simulations are fitted to data

allowing the systematics to float ® Events in the first bin are split into 2
» Background shape and normalisations : .
change depending on data bins based on: Py = %
B1 + FB2

» Constrains systematics, improves the
power of the analysis » Value chosen to get ~50% tt+If in each
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