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LHC HIGGS XS WG 2013

H—pbb: Why”?

e Since 4 July 2012:

L1 lllllll

* Discovery of a new spin J=0 particle.
H—=yy H—=ZZ H=WW,.

Higgs BR + Total Uncert
Q S

e No strong deviations from SM BEH boson
properties.

—
Q
W

 Observed my =125.36 + 0.41 GeV.

/ Ll ¥ fEEm

« Evidence for fermionic decay modes: 1085500120 066980200
ATLAS: H—=T1T (4.10) M, [GeV]

CMS: combination H=1t H=bb (3.80) « For mH=125 GeV, BR(H—bb)=0.57

 Indirect indication of couples to quarks
(i.e. in the gluon gluon fusion production)  Very promising decay mode for new
physics involving H
e Crucial to get an evidence of the coupling

to the quarks _ _ |
in particular to down-type quarks. e [or very rare processes involving Higgs

(SM or exotics processes), like HH
production, H—=bb good tool to get
some statistics

GDR Terascale 2 Paolo Francavilla
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LHC HIGGS XS WG 2013

H—pbb: Why?

e Since 4 July 2012:

R + Total Uncert

Ll llllll

Lol

In this talk: H—=bb In the associated production:
3 lepton channels

0 Lepton < 2 Lepton

CERN-PH-EP-2014-214

1409.6212, acepted by JHEP

ACIAdl 10O decl TV VOITVITTCO

to the quarks

In particular to down-type quarks. , _ _
e [or very rare processes involving Higgs

(SM or exotics processes), like HH
production, H—=bb good tool to get
some statistics

GDR Terascale 3 Paolo Francavilla


http://arxiv.org/abs/1409.6212

A Dbb-ee event In Run 1
@ATLAS

EXPERIMENT
http://atlas.ch

Run: 209787
Event: 144100666
Date: 2012-09-05
Time: 03:57:49 UTC



A Dbb-ee event In Run 1
@ATLAS

EXPERIMENT
http://atlas.ch
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80% 50%
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- S Diboson
S ATLAS ;95'(7:3%210) 1 DATA tt
9 " 1s=8TeV [Ldt=203 1 . thoson 1. 201 1: 4.7 fb-' \/ —7 TeV
G 800[— oy irae e 2 1008 - -t @ vs=7Te Single top
5 [ - Vi 1+ 2012:203 fb"' @ /s=8TeV
w i Wal il - W"I-hf
600( —f - SIGNAL Wacl
' oty 1+ WHIZH PYTHIA8 *
o] —wieno """ | BACKGROUND Wl
* 1+ WH+jets SHERPA B Z+ht
200 Z+jets SHERPA | Z+cl
Z+|
- T Single Top ACER/POWHEG+PYTHIA Multiiet
E Tk Facesmeat Sgrbrgrbrburder] © Diboson WW,WZZZ) HERWIG 77 oY
8 s - 4=+ 4 - Multi-jet DATA DRIVEN (i Uncertainty
050100 150 200 250 300 350 400 :s{sges?o ................ Pre-fit background
Most of the SM processes contribute to the
background:

For all of them we use:

-> the status of the art theoretical predictions;

-> our best knowledge of the detector simulation;

-> modelling studies on dedicated control regions;

-> combined fit of control regions and signal regions to extract information.
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Backgrounds
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Most of the SM processes ¢
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my, [GeV]

background:

For all of them we use:
-> the status of the art theoretical predictions;

-> our best knowledge of the detector simulation;
-> modelling studies on dedicated control regions;
-> combined fit of control regions and signal regions to extract information.

GDR Terascale
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How much can we trust the modelllng from MC‘?
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I i S Diboson
310007 arLas I =¥l | DATA tt
9 " 1s=8ToV [Ldt=20.3 1" . Hhoson . . - —
S aon] Sl 2 e |0 2011:47 o' @ Vs=7TeV I Single top
s [ = i 1+ 2012:203 fb"' @ /s=8TeV
w i Wal 1l - W+hf

00| e -| SIGNAL Wacl

: Gimemy 1+ WH/ZH PYTHIAS *e
oo =W | BACKGROUND el

Mbb (i.e. the mass of the higgs candidate)is the best

200
I variables to distinguish the signal from backgrounds

8 IS_YTVT YYYYYYY LA AR M A L MR > QOX]Q' LI LI | I B | l LI B l L B I L B ] LI I LI I L A | I_

% i ¢ ‘+*'+’+ 4]'., (qDJ = ATLAS Simulation ‘(#“’ Resolutions (OGSc’G)/Gc.sc:

8 O 5010050200250 300 350 46?356' %0 O 80-_ Pythia VH, H— bb MG 55 T 164GeV 3

m,,, [GeV] ¥ 70 2 :ef’"‘? jots, 2 D-tags R 14.4GeV  12%

@ - P, inclusive 4 - 141GeV 14% -

Most of the SM processes ¢ € 6o - =

> - i E

background. - 50 o Global Sequential Calib. (GSC) |3* =

402_ o 4+ Muon-in-Jet Correction . =

— & + Resolution Correction ' .

For all of them we use: 30E- \ E

-> the status of the art theor = £ E

-> our best knowledge of th¢ 105 -

-> modelling studies on de S r
O 1 I —

80100120140 16080500
m,, [GeV]

o
N
o
B
o
()]
o

-> combined fit of control r
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Multivariate analysis

MVA variables

» starting from my, and AR(b, b), iterative
test the additional variables

To get the best discrimination between signal
and background, we used a multivariate

technique (BDT), and we study several

Variable 0-Lepton 1-Lepton 2-Lepton . : :
i y < Kinematic variables:
T .
miss “ " " The crucial one are:
p!’lf X X X Mbb!
b2 X X X the distance of the 2 b-jets
D y
My X X X the pT of the vector boson.
AR(by,by) X X X
|A77(b1,b2)| X X
Ad(V,bb X X X o 800 rrrrrrrerre e s T Y
(V, bb) S ATLAS ;\Mﬁm > s ATLAS
IAT](V,bb)' X £ 500»— 15=8TeV [Lat=203m0" — 1 <4 (D 450
4 0lop., 2 jois, 2 tags i Single top - . \s=8TeV ILdt=20.3 o' 3
HT % w - pY>120 GeV -mwﬂ 2400
. 400 ' SR O-lepton
mln[A(b(e, b)] X : R oo _ 21ags, 2 jets, p:>120 GeV
le X 300}
o [ | Data 2012
Mg X 200
MV 1c(by) X X X : | ..
MV 1c(by) X X X 100: : e -
3 15 ””m”mfr"r”’;' E : — ;""“ pum—"—— E
%Q 1€*++0 00.00000’7. .’?,19 T,E ;_-: — g
R T B S S Y S S ¥ S By 0108060402 0 02040608 1
AR(b b.) BDT
VH
GDR Terascale 10
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Bullding the VH analysis

pT of the vector boson Number of jets

signal/background:

120<pT(V)[GeV]<160 : ~0.3-0.5%

2 D e veround ]

cess Pro-St E v ) -

VHbb) <10 100! S 3

] j .

i .‘ 2 : - ’rf—:'\"—- 2

] 4of i :

* 3 ; L 3

. ) 205 D ¢ >

; vandasn "

© f ] 7 e

s ! +—Lime 4 * i

a 15 A A | o 15 o . ) ol

u o E - f Q é * - »
evip> ~Z"/0 Y AV TP TR TITTRCTONIE: | B 7 o or e VO TURT TORETOOT T TROT ST T
. 20 40 60 B0 100 120 140 160 180 200 220 20 40 60 80 100 120 140 160 180 200 220
m,, (GeV] m, [GeV]

Clear improvement of 5/B vs Ditferent background composition
vector boson pT for 2 and 3 jets events (i.e. more tt
|[ATLAS-CONF-2013-079] bar events for O and 1 leptons ch.)

The idea: split the analysis in bins of jet multiplicity and pT(V)

GDR Terascale 11 Paolo Francavilla



Analysis strategy

80% 70% 50%

 The analysis has:

2 regions in jet multiplicity

3 different lepton channels (0, 1 and 2 leptons)

2 regions in pT of the vector boson (120 GeV)

(they have different bkg contributions)

identification

- Total: 40-50 analysis regions.

3-4 regions for the purity of the b-jet

Analysis Phase Space

MV1c(jo)

1- 1T
tag ; 50%
MM
70%
LL

80%

1-tag

MV1c(j)
Variable
1 tag (CR) — MVi1ic

VpT > 120GeV

2 jets

VpT < 120GeV

3 jets

* In each region, the shape of the BDT

(or of the b-tagging discriminant) is used to extract

information on the background and signal.

« All the regions are used in a simultaneous fit.

GDR Terascale

12

2 tag LL (SR)
2 tag MM (SR) — g;?
2tag TT (SR)

Paolo Francauvilla



Analysis strategy

e The ~rnlmin han. "80% 70% 50%

N o ety
B AT S o A e SR
o § 10° ‘os;’:;o:']‘.u;m-m.:abmw . 10p § ":l;n.;m?;bhmm —dmw
¢ W . py»120 GeV Ezz & o pyp>120 GeV E,w 50%
=i :
. o[ T : «Common nuissance
4 e N W+J6’[S parameters across 70%
' g regions 0
[
® 10" 809/
( . T il il il AT A oels i'Eik - 0
g i USRI, T ST I /g ;Elf‘“’“““*‘“'“““ ++¢f| *Systematics on
0.5 * - . . a Q 1 .1 -1 1 1 ! ! -
- S| NEVIUNTONTRCINIY PRIV 10806 0402 0 02 04 08 %gn: ex’[rapo|at|on of
o . 80T 1 Ie A ton backgrounds
' i ey —— SR NRE2 0N ariable

«8ToV fLa /o3’ 2 . MVic
T 2lep., 2 jots, 2/ alums Tight g8 top -
p;»lmﬁv -z

- Tot: iy MVA

= BDT
e Ine

(Or ¢
infq

e Allt
extra
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Systematics

. Signal Given the complexity of the analysis, and the huge size
Cross section (scale) 1% (qq), 50% (gg)
Cross section (PDF) 2.4% (a), 17% (g) of the phase space used, good part of the efforts to
Branching Ratio 33 %
Acoeptance (scale) 15-3.3% define robust systematics uncertainties
3-jet acceptance (scale) 33-4.2% .
5% shape (scale) s - for the background and the signal,
Acceptance (PDF) 2-5% _
X e (NEC B ceezaetiond . for the detector performance
Acceptance (parton shower) 8-13% : . Ail
— impact of the systematics . >
ZI normalisation, 3/2-jet rati 5% 1 IIIY.YIII.I1IT.VIIY rn.wnr.rrrr'nn.r
Zd 32t ratio b on the signal strength Sl i i il i L
Z+ hf 3/2-jet ratio 20% . WK, Vool my shupe el 5
Z +hi/Zbb ratio 12% H _O/ OsMm Vb1 1 Yo mmalston 27
Ad(jet,, jety), p‘x , TIbb S (P} > 120 GeV) - 4
W jets WobE normatsation /// o
W1 normalisation, 3/2-jet ratio 10% WAHE g shage (3460 i éggg;/;; ;
Wel, W+ bf 3/2-jet ratio 10% B
Whi/Wbb ratio 35% Sl wompts et o) — v 1
Whe “'&, “.fC“V& ratio 12% 240l 1o 2406 normalisation (2-jet) é j—.-f/“/;/
Ad(jet, ,jet,), pr, mu S : 7
-_— bt energy resolsion — /
t I 77/ :
3/2-jet ratio 20% 2428, Zock m shape |
high /low-p} ratio 7.5% ot ansom sesclaten § Z :
wp pf" LLLIN "l"-l‘- S § ',/,/,/ '
Single top Ddopton d neemateason : 222? ¢
Cross section 4% (s-t-channel), 7% (W1) WaHF p! shape (2-je0) ::/ /—
Generator 3-52% T : wy &
by . Aoemalsanon 7 ,
S Diboson 5 Background s s - 3
Cross section and acceptance (scale) 3-20% ” . b et taggng oticiency 4 u:i:f” .
Cross section and acceptance (PDF) 2-4% modelling systematics R W v 7 R
s S . ' E 7772 '
e are a crucial aspect. ATLAS Z sy
0-, 2-lepton channels normalisation 100% \s=8TeV, ILdtx 203 tb" o p(,::::m,m;
l-lepton channel normalisation 2-60% m,=125 GeV ) -1 Postfit inpact on f
Tcmplalc variations, rcwcighling S P TR FTETY ITUT FTYTY YT AT PReT e I

GDR Terascale 14 2 15 -1 05 0 05 1 15 2



Events / 0.15

Data/Pred

V/: a Standard Model candle

The VZ->bb is a SM candle to validate VH analysis:
-> Cross section ~5 times larger than VH
-> almost identical final state

Expected significance: 6.3 o
Observed significance: 4.9 o

p=0o/osu=0.74 = 0.09(stat) = 0.14(syst)

10*

10°

"TYV']YYYI'1'['YII'Y'TY'YKl."m]';"]"
.
ATLAS s VH(bb) (11=1.0)
\s = 8 TeV [Ldt=2031b" - vZ
0 lep., 2 jets, 2 Medium+Tight tags wuy Single top
pY>120 GeV

IIIH—T‘;

. Weh!
o Weel
mm Z+ht
2+l
Z4l

1 Ll L1l lllr

1 LAWY

222 Uncertainty
«sss Pre-fit background

’ lﬂ]

llllll_l 1;1'1lul

'Y"'.Y'IY
i i iig _.’.._.__’— * ﬁ#‘ ,4,4‘4_?,_;

??I!‘l.'[VY'TVY'-fYIV'IYYYIYV"[‘YVE
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BDT,,
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Events / 0.25

Data/Pred

LR AL Al AR A SAPS Al A
.
ATLAS - VH(bb) (1=1.0)
\s =8 TeV [Ldt =203 10" - vz
1 lep., 2 jets, 2 Medium+Tight tags yuy Single top
p¥>120 GeV Multijet
=" 7 . Weht
o Wecl
Wel
mm Z+ht
7773 Uncertainty
«sss Pre-fit background
e VH(bb)<50

.
o
]
R
1l

10*

|IBR BRI

10°F
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1 -08 -06 04 02 0 02 04 06 08 1
BDT,,
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Events / 0.25Neighted events after subtraction / 20.0 GeV

Data/Pred

-

-

13 T T

L3 T I T T

T '
o Data 2012
10 ATLAS _ B VH(bb) (111.0)
- 1s=8TeV [Ldt=203m" = Diboson
04142 lep., 243 jets, 2 tags {77} Uncertainty
8- Weighted by Higgs S/B N

Ll ]' T T Ll L]

LA T

10
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10"
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1
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VH Run1 results for ATLAS: VH Resu ‘tS

ATLAS  \s=7TeV, [Ldt=4.7 fb™; \s=8 TeV, [Ldt=20.3 fb"

Expected significance: 2.6 o ALY B
. .gn — — tot. 7
Observed significance: 1.4 o it tot (stat syst)
2 lepton |- Pooe 4 0.94“:3:878 ﬁg;g tgg?) -
p=o/osy=0.51 = 0.31(stat) = 0.34(syst)
1 lepton |— p—o—a 1177 ggg (igig iggg) -
. | | ) +0.55 [+0.49 +0.26\ |
% 107:__ATLAS +3;t%§01210 0 lepton |— Pe=@==q 0.35_0.52 T 0.44 _0.27)
§ = 1s=8TeV [Ldt=2031b" = Diboson ) o 00 s oa o
) 106 | -tsting_lptop Combination — 1ed 0517 "2 (1030 “o22) —
= it R R A
10 ;E = Wecl =
W+l best fit u=c/c_ for m =125 GeV
104 -§+hlf SM
+C .
- —pit Cross checks done with
a dijet mass analysis:
2 ' e
10 Expected significance for 8 TeV: 1.9 o
10} MVA has a gain of ~30% In exp.
1 significance
= Observed significance for 8 TeV: 2.2 o
i
g u=0/osm=1.2 + 0.44(stat.) + 0.41(syst.)

GDR Terascale log, (S/B) 16 Paolo Francavilla



VH theory: wish-list for Run?
HEFT, gg->ZH, EW corrections

. HEFT

» For VH, there were already paper using preliminary results to constrain
parameters on the Higgs Effective Field Theory. arXiv:[1404.3667v3]

» Last October, a new calculation able to use effective lagrangians making

calculation at the NLO was published.
[arXiv:1311.1829]

* NLO reweighing (or a LO recommendation) would be useful to avoid a

proliferation of MC production?

- gg->ZH:

- the gg->ZH will increase much faster than quark initiated ZH.

« around 150 GeV it was O(15%) for the Run1, bigger for Run2
[arXiv:1310.4828]

e Seizable systematics, which can start to play a relevant role.

- EW Corrections:

e In Run1, EW NLO correction used as weights for the QCD NLO
generated events.

» For Run2 it would be nice to have a framework which incorporate
the 2
GDR Terascale 17

do/dpry [fb/10 GeV]

| pp—XoZ (Z—e'e) at the LHC8, NLO+PS o' (s ]
. 0" (HD) d
1 ;LL‘: [arXiv:1311.1829] +iom —
i — 0" (SMeHOD
[Pt o o)

- ’r{ Lll%.I ti?ffxxiﬁ“\ﬂﬂ . ‘
| j111 a :
aMC@NLO+HERWIGS T e

102 wrarty b il TEPURIP! SPRPURINE T YUY TNPUPRPE] TP
1 4 [NLO+PS/NLO ]
12 + —_ —:
-M -—:,-Fl::&j‘"
i rverreverrvev e TveerIvevere #
NLO+PS /LO L T
:; &qq——‘*ﬁizg_{: s ijj-Ji%gj_
B .
50 100 150 200 250 300 350 400
ka_»{),hald (GeV)
T 1 1 4
my, = 125 GeV, qq
10 99 ——
boxes only — — -
1 =" triangles only - - - ]
0.1
0.01
0.001 } [arXiv:1310.4828]
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Prospectives for Run2

We will profit from the experience
of Run1 in the Run2.

But we will have new challenges
and new opportunities:

Very interesting to improve
the performances of the
detector given

the upgrades/consolidations
in the LHC shutdown.

e j.e.improve the performance
of the b-tagging thanks to
the extra tracking layer IBL

Minimum bias
Wi(ln)

Z(ll)

ZZ

t (s-channel)

t (t-channel) =

H (ggF)
H (VBF)

| WH |

tt
tz
ttH
A(0.5 TeV, ggF+bbA)

stop pair (0.7 TeV) =

gluino pair (1.5 TeV)
Z'SSM (3 TeV)

Q" (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

’1.6
1.7
’2.0
’2.2
’$2.5
’2.3
)2.4
’2.9
J3.3
) 3.6
J3.9
74,0

Cross section ratios: 13 TeV /8 TeV

)8.4
) 46
J10
)56
»370
) 9000

10 100 1000 10000

Signal increase by a factor ~3; EW backgrounds increase by a factor ~2;
t tbar increases by a factor 3.3 (important for 1 lepton channel)

This means that we expect ~similar conditions of 8 TeV with half of the statistics at 13 TeV

* Ingenuity will improve it!

GDR Terascale
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Conclusions

 The Run1 analysis of VH->bb helped a lot in

defining solid analysis strategy and to it o mroony T
validate very advanced techniques. o T
« From summer 2013 to fall 2014 B o
1.4 o exp.->2.6 0 exp. R e i
.......... L
* Very competitive expected sensitivity in H->Ww - v 5 T
hadron collider experiment h=108oxsd ME
(compared with CMS, CDF and DO) WZHobB 8| ——
w=057402|  —1— |
* Run1 data does not show a significant Hore | |es T
excess, but some first indication is there. n=1.4:0403 o
AAAAAAA |

0 05 1 15 2

\s=7TeV |Ldt=4547 " ,
Signal strength (u)

e Challenges and opportunities open for Run2.
This make the Run2 very exiting!

\s=8TeV [Ldt = 20.3 b
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Backup
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10°

\s= 8 TeV

TrTrrm
L L L

10 =

H—»bb How'/

Gluon-Gluon fusion:
s/b for H=bb : <104 -10°%° 1
Challenge for brave people

lllll;l

T

(pp — H+X) [pb]
TTTTI
Lol

|
|

10

'l'll[
| lll

Vector boson fusion:
WS- - H—bb: better s/b
if compared with ggF  10%=

o
o
|

I

p—
-

92 9 M,, [GeV]

Associated production:

. ItWor Z decay leptonically, easier to Kill the multi-jet background originated
" by strong interactions.

Main contributor to the Higgs evidence at Tevatron.

| will focus on this today: VHbb analysis

t
: < ttH:
L. H’___ Veryinteresting and complex final state:
events with 4-8 or more jets at least 4 originated by b
v Already some results at LHC
g

GDR Terascale 21 Paolo Francavilla
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Event selection

Variable Dijet-mass analysis Multivariate analysis
Common selection
prv [GeV] 0-90 901*)-120 | 120-160 | 160-200 | > 200 || 0-120 | > 120
AR(jetq,jety) 0.7-3.4 0.7-3.0 0.7-2.3 0.7-1.8 < 14 > 0.7 (pTv<200 GeV)
O-lepton selection
PSS [GeV] > 30 > 30 > 30
Ap(ERISS piissyec) < /2 < /2 < /2
min[A¢(EXISs jet)] NU — > 1.5 NU > 1.5
Ag(EMss dijet) > 2.2 > 2.8 > 2.8
N]ct:2(3) it -
> pht [GeV] > 120 (NU) > 120 (150) > 120 (150)
g=1
See text — —
1-lepton selection
mflf GeV] < 120 —
Ht [GeV] > 180 — > 180 —
ER'™S [GeV] - > 20 > 50 - > 20
2-lepton selection
myey [GeV] 83-99 71-121
E’r]:r‘liss [Gc\/] < 60 B
GDR Terascale 22 Paolo Francavilla



Event selection

mpy = 125 GeV at /s = 8TeV

Acceptance [%)]

Process Cross section x BR [fb] O-lepton  1-lepton 2-lepton

qG — (Z — (0)(H — bb) 14.9 - 1.3 (1.1) 13.4 (10.9)
gg — (Z — (0)(H — bb) 1.3 - 0.9 (0.7) 10.5 (8.1)
qq — (W — (v)(H — bb) 131.7 0.3 (0.3) 4.2 (3.7) -

qq — (Z — vv)(H — bb) 44.2 4.0 (3.8)

99 — (Z — vv)(H — bb) 3.8 5.5 (5.0)

GDR Terascale
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Variables in the fit

Dijet-mass analysis MVA
Channel O-lepton | 1-lepton | 2-lepton | O-lepton | 1-lepton | 2-lepton
1-tag MVlec MV1c
LL M BDT™) BDT
MM 2-1 ag My (%) BDT _
TT — BDT BT BDT
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Fit Scale factors

Process Scale factor
tt O-lepton | 1.36 £ 0.14
tt 1-lepton | 1.12 4+ 0.09
tt 2-lepton | 0.99 4 0.04
Wbb 0.83 £ 0.15
Wel 1.14 4+ 0.10
Zbb 1.09 4 0.05
Zcl 0.88 £ 0.12
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Systematics

GDR Terascale
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Source of uncertainty o
Total 0.41
Statistical 0.32
Systematic 0.26
Experimental uncertainties
Jets 0.08
Eriss 0.03
Leptons 0.01
b-jets 0.07
b-tagging*) c-jets 0.04
light jets 0.04
Luminosity 0.03
Theoretical and modelling uncertainties
Signal 0.07
Wjets  0.06
Floating normalisations | Z-jets 0.03
tt 0.04
Wjets  0.11
Background modelling Z-jets 0.08
tt 0.05
Single-top 0.04
Diboson 0.02
Multijet 0.06




Local P,

LIimits and local p0O
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