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Before Tevatron direct searches o=
what did we know about Higgs boson ?

Direct constraints from LEP Indirect (contributions from Tevatron)

5 July 2010 Mass of the Top Quark
- .
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B ——
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o) 40 5 | . [Ihﬂd D@-I dilepton 168.4 £12.8 (:123:36)
e Yy —0.02758+0.00035 e
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20 D@-| lepton+jets 180.1£5.3 (+39:36)
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10 _ﬂ 3 7] D@-Il lepton+jets * 1 8 173.7+ 1.8 (zo8+16)
——.—.
CDF-| alljets 186.0 £11.5 (+100+57)
0 CDF-Il alljets 1748+25 17+19)
2 . -
i CDF-Il track 175.3+£6.9 (t62:30)
-10 L . T Tevatron combination * 1 173.3+1.1 o6+09)
r —— Observed K (2 stat + syst)
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M ,=89""°GeV
M, > 114.4 GeV @95% M, < 185 GeV @95%

Light mass Higgs is favoured
-~ Region accessible to Tevatron
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The Tevatron proton-antlproton collider =

— §~120 pb! per experiment-top quark discovery
p m—p i Run II: (2002-2011)

1.96 TeV

Shutdown 30 september 2011
~11.9 fb! delivered per experiment
~9.5 fb! for physics analysis

L T L L L L e T e AT T T T L T R L L R R L LR LR TR LTI r

Run Il  Integrated Luminosity 11871.03 (1/pb)

Main Injé;:td'r ' 12,000
. & Recycler = - 2011
e Ko 2010
36x36 bunches - o
$396-ns_bunch crossing g M 2009
= 2007

....................................................................................................... % 4,000 2006
Mos‘r of the Higgs results Todoy b 2005
rely on: 5.3-8.6 fb! e 2003 2004 o

2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012
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Current exclusion results (summer 2011)

100<m_ <109 GeV is excluded

158<m <175 GeV is excluded

lexpected sensitivity
100<m,<108 GeV

148<m, <181 GeV

Tevatron Run Il Preliminary, L < 8.6 fb™

I R I B |""!""! """"""
c% ; LEP Exclusmn Tevatron
= 10 —L/ ------------------------------------------ - e e EXC'USIOI‘-I
E o ﬁ i f : :
—d [ i to Expected,,,,,i ,,,,,,,,,,,,, e T ]
- IS [ . *2cExpected . .. e SR i
0 : : 5 5 0 . : :
32
(g
o]

100 110 120 130 140 150 160 170 180 190 200

Low mass sensitivity close to LEP exclusion H(GeV/ ¢ )

Limits For m_=115 GeV g, ./a(SM) =1.17 (1.16 expected)
Limits For m_=130 GeV g, ./a(SM) =2.0 (1.35 expected)
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Results are the combination of many channels —-

saclay

How to combine:
-+ Channel 1 : limite1

=~ Channel 2 : limite2 CDF Run Il Preliminary, L < 8.2 fb™
= Good approximate of the combinedz
sensitivity: 2 LEp TOmENE ARG T mEERnNE

S310%) gy o remwes Townwnmer

.y | 3 LTI phmremamios T e

limite = 2 T o T e

1 1 S e bl ol et o

T e o

limite]  limite, , L e

10

Therefore
- channel with sensitivity o, /a(SM)~20
+ equivalent to 1% more luminosity or 1o |

acceptance in channel with
sensitivity o, /a(SM)~2

1
/ SM=1 July 17, 2011

- All possible channels contribute ? 100 110 120 130 140 150 160 170 180 190 é}m
(GeVi/
<+ Actually not really !! my (GeVie
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Higgs production at the Tevatron ceo
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Production cross section (for 115< m <180 GeV)

= in the 1.2-0.3 pb range for gluon fusion gg — H
= |n the 0.2-0.03 pb range for WH associated vector boson production
= |n the 0.08-0.03 pb range for the vector boson fusion qq — Hqq

]GE ; T T T [ T T T T T T [ [ T T T I T T
o 5 o(pp—H+X) [pb]
e " - = Ng =2 TeV 1
o

EllllllIlllllllllllllllllllllllllllllllllllll M[: 175 GeV

gg—H CTEQ4M

80 100 120 140 160 180 200
M, [GeV]
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Low Mass vs High Mass ceo

saclay

+ Overwhelming QCD background in =~ D€cay modes depend on the
hadron colliders: Need for lepton _Standard Model H'QQS mass

and/or missing E_ signature

<+ At low mass:
= b-quarks+ signature of Vector
boson
- At high mass :
-+ Look for W decay products

- Peak sensitivity just above
threshold M ~165 GeV.

c x Br [pb]
—
(=)
[ ]

10

80 100 120 140 160 180 _ 200

m, (Gev/c")
1[}“l =~ NNLO, one lepton flavour
F —qgq—>WH-— Ivbb
- —qa—ZH - lIbb m <135 GeV m _>135 GeV
_5_—qq—>ZH—> vvbb H H
10 F T99"|H7w".4|'vh'. T L H —> bb H —> WVV*
100 120 140 160 180 200
mH [GEV] H — TT
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Tevatron vs LHC

- Two colliders, two energies

= LHC proton —_ proton 7 TeV W.J. Stirling, private communication WJS 2010
= Tevatron: proton-antiproton 2 TeV /3

- for M~140 GeV

- gg—H ~20times larger @ LHC
- qq — WH ~4times larger @ LHC

= Beginning of LHC era BUT Tevatron
has still competitive sensitivity in the

low mass region

1
/ SM=1

100 110 120 130 140

1000 ¥ L) L] 'l'll'l'll'

ratios of parton luminosities
at 7 TeV LHC and Tevatron

100 |

luminosity ratio

= Xqq 1
MSTW2008NLO

10' 10°
M, (GeV)

“High mass” channels

contribute also
down to 125 GeV

10°
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Channels at the Tevatron o

saclay

For M, <130 GeV , For M, > 130 GeV
pp — WH — Whbb 6‘-| gg—H—-WW* \“‘, 7{
= ev bb, |:,l\) bb: I)& = evev, UVuv, evuy, 5
2 bjets ~40 GeV ¢ T TVl ;
1 lepton ~ 40 GeV 2 leptons ~ 40 GeV Fa
E_~40 GeV E ~ 60 GeV M
~ e
-
pp— ZH — Zbb / smallAg(l+,l-) (H is scalar
o gbt;wtl bb50(5 v o * eV,
-jets ~ e NSS ’ '
2 leptons ~ 40GeV y/ \ 1leptons ~ 40 GeV N
~ W bb: E_~ 40 GeV £rs
2 b-jets ~ 50 GeV % 2 jets ~40 GeV
E_. ~50 GeV 6 j/& ij=M|,ET=8O GeV
pp —H+ ZIVIX = jj Tt v pp — WH—WWW*

2 jets ~ 30 GeV ee+jj+VV,el+jj+Vv, LU+j+VV

N
N
1 leptonic tau < N
1 hadronic tau / E, ~ 40 Gev /
2 leptons of same char'gﬁ
‘,E1\'/

NB: Xsec normalized to NNLO NB: Xsec normalized to NNLO+NNLL
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Channels at the Tevatron

a=
For M, <130 GeV , For M., > 130 GeV
PP — YW = WD 6 gg—H—-WW* | 7/
= ev bb, uv bb: |5§ ~ evev, VUV, eviy, (el
2 b-jets ~ 40 GeV v VLY :
1 lepton ~ 40 GeV 2 leptons ~ 40 GeV 'ET, > i
E_~40 GeV p Y
L 7H s 7bb E. ~ 60 GeV
PP / smallAq(l+,l-) (H is scalar
o gbt;wtl bb5oc; Vv o * eV,
-jets ~ e - : '
2 leptons ~ 40GeV '/ \ 1 leptons ~ 40 GeV <
= Vv bb: E ~ 40 GeV Ervy
2 b-jets ~ 50 GeV N 2 jets ~40 GeV
E_. ~50 GeV 6 j/& ij=M|,ET=8O GeV
; I
pp —H+ Z/IV/IX — jj 11 v pp —» WH-WWW*
? ljetf "_3? GeV 5 ee+jj+vv,ep+j+vv, Hp+Hj+vv
eptonic tau _
1 hadronic tau / E, ~ 40 Gev /
2 leptons of same char'gie
A Y-
»
3 o
NB: Xsec normalized to NNLO NB: Xsec normalized to NNLO+NNLL
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Backgrounds to Higgs Searches

b
b

Ql

jet

s

W+jets, Z/y +jets

-~ Alpgen MC+ pythia showering, NNLO cross-
sections, data-based corrections to model

p-(W),p;(£)
+ background for all channels:
+ jets faking lepton
-+ mismeasured jets or leptons MET
- W+bb, Z+bb final states (mimic ZH, WH)

Di-boson WW, W/Z, ZZ

-+ NLO calculation for cross-sections
-+ for WW: NLO correction for p, and di-lepton opening
angle

Top pair and single top
-+ cross-section normalized at NNLO

QCD multijet events

= jets faking leptons

= mismeasured jets creating MET
+ data driven models

Il r fu
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Backgrounds to Higgs Searches ceo
saclay
’ " : Tevatron Run Il pp at s = 1.96 TeV
ot 10 : : : : i :
E j S | ~#— CDFRunl
e
o TT———pte —8— DORun |
: = - . | :
antiproton E = —&— Tevatron Run Il Combined
sE
& r
— fer T
- —
Q :
0 0=
0 :
0 i
0 ;
w 0o 1=—
q g /E -[ _I-
g L
L= N N NN N N A R M I 2

- g ] w2 WG mot Wyt 2 H(rsoge(éeacev
.
a 9 g~ ° The Higgs signal 1s several order

of magnitude below backgrounds

q jet
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b jets tagging: essential for search at low mass —

saclay
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Can make use of:
. ° High impact parameter of tracks
==> light quark Jet Probability ;
> Secondary vertex reconstruction (SVX):
> Lepton tag
> b-jet kinematics (large B-hadron mass)
* Combination of above with multivariate :

R T T L T T T T TR T L L L L L T T T T L T L LT LTI
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b jets tagging: essential for search at low mass -

saclay

-]
(=]

NN bejet tagging -

b-Jet Efficiency (%)
(=}]
(=]
1 ! T

%))
o

T e

bjet tagglng

20 ............... ............... ................ ............... ...............
i [ p,>15and O<f<25 |
_IIIIiIIIIiIIIIEIIIIiIIIIiIIII:Ellllillllillllil
0 05 1 15 2 25 3 35 4 45
Fake Rate (%)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Eg CDF 2" vtx tag e=50% for 2% mis-tag at n<l
Eqg: DO NN (2006) £260% for 1.5% mis-tag P+=50 GeV (loose tag)
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Improving acceptance with better b-tagging

T F -
DE - TaggerNNM L MVA b_jet ,
§ esi_minus:;::arus tagging w
£ | —#%— MVABL Summer 09 é
U 60— ; ; - =
% +13°/.' I f
o 55;_ lllll u;lgna. / l
aof L AL T NN b-jet
| Il R | |
=¥ | tagging
45: %J 50% %akes! ) }40 > 0;m|<o,a?
I Y W TR T '1.|2f'k' 1i4('/)
e R R
Eg: DO NN (2006) £=60% for 1.5% mis-tag Pt=50 GeV (loose tag)
DO MVA (2009) £260% for 1% mis-tag Pt=50 GeV
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Improving acceptance with better b-tagging

S e S S R R R
DE ~ [Tagger " MVA b'jet
§ esi_minus:;::arus taggln w
£ | —#%— MVABL Summer 09 é
E 60_ : ; ; i = l : :
: %% signall| f
Q 55;_ lllll uéSlgna. / l
o LA 7] NN b-jet
; e N ; :
) | tagging .
P B eeeever S SN N B Further improvements
B %J mt n:a - p,>40and 0 < <08
o expected soon
R R TS T S T R i
fake-rate (%)
T T
Eg: DO NN (2006) £=60% for 1.5% mis-tag Pt=50 6eV (loose tag)

DO MVA (2009) £=60% for 1% mis-tag Pt=50 GeV
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Increasing number of Higgs candidate events -

saclay
= DO —— Data
+ electrons in intercryostat region o0 Fun Wpreiminary G| £41°%8
~ isolated tracks without muon + — e
identification Multijet
- CDF

= plug (forward) electrons
= muon chamber extensions

= Both

= modified isolation for nearby leptons
= |Inclusive triggering:
= accept events from all possible triggers

< compute acceptance correction from
reference triggers

Irigger efficiency
o
I [

L Ilé

0.8

L6 Trig. efficiency in :

0 —— muOR
=1
— 7 11 fit

—— W+ jets (High NN)), fit

0.2

ol
hli]

i P
(el il

'::'...I.... PP P

| A A
M0 0 a0

plltl |GeVic]

from R. Madar (Saclay) thesis
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Jet energy resolution

o ZH - Il bb:

= [E_~0as kinematical constraint

Improve dijet mass resolution at
DO and CDF

°» WH - Ivbb

» Kinematics variable of (b) jets to
bring energy closer to the initial
parton energy

@ Gain of ~ 20-25% in relative

resolution
\ 7/
6> \
S
v

Number of Events

Il r fu

=
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CDF Run Il Preliminary (4.1 fb™)
10 - Double T Tag o data [ WWWZZZ
] [] M, = 120 GeVie? x 25 After NN Corr. [ mistags  [] Fakes
8 J O M, =120 GeVie? x 25 Before NN Corr. Wz+vb [Ju
] [ Z+cc  [[] uncertainty

0 50 100 150 200

——

250 300 350
M;; (GeV/c?)

0 B . Mean = 0.14, AMS = 18.57
™ E, Mean = 1593, RMS = 21.00
ssoo]- =
20000
o C
g‘lﬁﬂﬂﬂ_—
8 | CDF
E r
10000
5000(—
Hoo -50 50 100 150

0
E, - NN output
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Multivariate techniques ==

saclay

» Extended use of :
» Artificial Neural Network (NN)

» Boosted Decision Tree (BDT)
@ Easier and faster to train

» Matrix Element (ME)
@ computer intensive
s Inputs are 4-vectors, and resolution functions

1 oW o
Pyu(z) = — Z / Filgr) filge) x dow x Wiz, y)

o T Jy - dy ——
L,] \ ;

¥ POE Detector

Flavor ME Responce

w Saclay Higgs Workshop, Nov 2011 B. Tuchming - SM Higgs at Tevatron



Il r fu

Smarter use of multivariate techniques ceo

-~ —lay

0.

l Cut Pont _tzi —ZH B Z+charm Cul Poinf
[ — 0:35f —Z+jets -
¢~ Tagged Events O : | - | —2+botiom
\E_____EIQ = oaF |
o _ - —] I I
025F | Regions Il and 1l
0.2 | —
_ o1sf I I
it . - |
Network ' |
Score = 005 —I_ -
- T I
0.5 i _J_._4 —1 : . ¥l [ L i L.
43 -1 05 ] 05 | 1.5 1 08 D8 04 D2 0 02 0 08 08 1
Z+jets vs. ft Expert Disciminant Output KIT Flavor Separator Output
—2ZH 2499 Zecc  —2+bb i | o iie b e icer
I | E 121 LOOSE+JP TAG COF Run I Preliminary, 7.9 it
| Regionl | | | Regionll | | | Regionm || &
I I If.'l_—
' A Jet-Flavar a:—
Region | Separator C
=0
No -
' : L
‘ Region Il Region IlI 5 15 2 25 3 0 0.8 , e > 2% 3
Final Discriminant Output Final Discriminant Qutput (Trained at m = 120 GeVic')

» Separating the NN output using tt, light and heavy flavor score;
» Systematics on large backgrounds constrained by data in region | & II;

» 8% gain relative to the original discriminant network (ZH — EﬁbB);

K. Potamianos (Purdue U.) igegs with b quarks @ Tevatron
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Each channel now uses (at least) one |
multivariate discriminant

h A

g 6\.

U

v
<

: S IS
Kl LE. LE_
v \ v,
CDF Run Il Preliminary (4.3 tb™)
'E  b) DO 5.4 fb > BoOE T _ZH->vTbb Analysis sample (two b-tais =
o “°F MJDT>00 DO Preliminary (6.2 1b™) soF B oW 22]
N. 103 = [0 700E- : 3:;" a = Single top (tch)
ot L g} E I Vb EY L % f};ﬂ‘;g’" feeh)
- C — 600 Valt. a0 o Vicie
2 2 - : =y
§ | £ 500F —— Higgs (115GeV)x 10
107} N
B & 400}
300
10 2008
100
(- 1 15 2 25 4 0 0.5 1 1.5 2 DiJet Invariant Mass (GeV) s oo 150 200 300
Aafll) A(b(zlt} (I'ad} Dijet mass (NN b-jet Energy corrected) (GeV/c?)

Main discriminating variables

ain 20-30% in sensitivit
v
form Final multivariate discriminants

CDF Run Il Preliminary (4.3 fb™)

10 " - C
[ v E = . C —+— Data
2120__33 _ogzel-‘l;zlg SiB =i - Fc) DOS4 bt _'lggﬂ oyt o e ZHVVDD Analysis sample (two b-tags)  sso- - ork
8 [+ = ~ —Signal = 4505 MJ DT > 0.0 DO Preliminary (6.2 fb” : B etz 2
§" £ Zsjets 2 a00 = 300 = s
> 5 103 E [CDiboson ﬂ B Vih faVY . = WHEE’G
w - F W +jets c 350 -x:l‘tfi‘)et 250 = V\(:LF
80 = r [ Multijet g 300 W 10 . —— Higgs (115GaV)» 10
- Sl w 2008
& 10? 250 :
200 150F
40
150 100
E 100
20 10 50 50
L e e e T e | TR S T I T T
0708 05 04 02 0 02 04 06 08 1 0 0.6 0.8 1 ¢ .4 -0. .2 04 06 0. 0 0102 03 0.4 05 06 0.7 0,8 09 1
NN Output NN Olltpllt Final Discriminant BNN output (M, =115)
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Method validation

-~ Testing background model

= use control region

+ Testing sensitivity to Higgs
-+ measure alike SM process cross-sections — di-boson
= New in 2011: diboson with heavy flavor jets

WZ/ZZ — Ivbb, Ivcs
xsec=1.08+, 400-26 x SM

(30 above bkq)

CDF Run Il Preliminary ( 7.5 fb")

v 250

Number of event

‘I‘ <|> Cenlral Leptom Single Tag Events

160
M, (jet1, jet2) Gevie®

150 200

s S I

R

160

180 2

Il r fu
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ZZ — Vbbb
di-jet : 2.30 above bkg
Multivariate : 2.8 o above bkg
xsec=1.5+0.5xSM
100 VZ Analysls sample (two b-tags)
& L DOPreliminary Run l18.4fb" = +-DaaBkgd 7
@ - S+B Fit BVz <15 -
T 80 J+-10 .
e T .
S 60 .
o N ]
40— ]
201 N
oF .
- — I—l I -1 -
7| T ) AN T B I B N B
0 20 40 60 80 100 120 140 160 180 200 220

Didet Invariant Mass
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Analysis method: Divide and Rule ceo

Channels are split into subchannels: ~50 analysis to be combined
» Different bins in jet multiplicity
» Different b-tagging content
» |epton flavour, lepton id criteria

Eg: llbb at DO = 8 channels (ee, py, e+ICRe, p+track)x(1 b-tag, 2 b-tag)

Goal is to maximize sensitiviy : each subchannel has its own S/B

I1E/% (\)/\6H, 2jets : 0-btag S/B~1:4000 , 1btag(only) S/B~1/400 2 b-tag S/B ~

saclay
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Examples : Di-lepton + E_ Subchannels atD0

saclay

Split analysis according to : g - Eagﬂwmw
- |epton flavor ee, ey, pp (DO) ] ., ey + MET
1
= signal purity based on lepton quality (CDF), OS
= low (<16 GeV) di-lepton mass (OS channel 102
at CDF)
= Different instrumental (fake) background 10
= Different lepton momentum resolution
= typically 4% for electrons, 10% for .
muons at DO
= Different background composition
ﬂ I DBPrellmmary. —— data g D@ Preliminary
£ L =8.11b" £ 10 L=8.11fb"
w 10* ESSMET |:|I+jets w 10° up + MET
10° l[:ribmnn 10°
10? lw+}=ts 10?
10 |:|Muttijet 10
1 1
10° l Signal x 10 107
102 - [HH =165 GeV) 10‘2
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 20(

E. (GeV) . (GeV)
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Analysis method: Divide and Rule ceo

Channels are split into subchannels: ~50 analysis to be combined o
» Different bins in jet multiplicity
» Different b-tagging content
» |epton flavour, lepton id criteria

Eg: llbb at DO = 8 channels (ee, py, e+ICRe, p+track)x(1 b-tag, 2 b-tag)

Goal is to maximize sensitiviy : each subchannel has its own S/B

I1E/% (\)/\6H, 2jets : 0-btag S/B~1:4000 , 1btag(only) S/B~1/400 2 b-tag S/B ~

Build Likelihood based on multivariate discriminant distribution to test S
and S+B hypothesis

CDF Run Il Preliminary J.L =481’

D@ Preliminary, L=3.0-4.2 o'
8 [050Jets, High B
o

E D2 Preliminary W +2let /.2 %—;taag 8.
L=5.01b" O Waet S

c ~+Data
B Multi Jet ) Gnggs Slgnal (MH=165 GeV)

80F M, = 165 GeV/c?
My Swobicz | &
140 1. M Top
120 [ \E’)viaoson [CIDiboson
115 GeV. .W+]CIS
100| [ Z+ets

[]Multijets

T[T T [ TT T[T [ TT T [ TT T[T T[T

0 01 02 03 04 05 06 07 08 09 1

1 02 0 02 04 06 08 1 1.2
NN Output output (M, =115) DT discriminant Neural Net output NN Ouput

0 0102 03 04 G'SBI‘(IINS 0.7 0.8 09 [ u( 01 02 03 04 05 06 07 08 09
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Analysis method: Divide and Rule ceo

Channels are split into subchannels: ~50 analysis to be combined o
» Different bins in jet multiplicity
» Different b-tagging content
» |epton flavour, lepton id criteria

Eg: llbb at DO = 8 channels (ee, py, e+ICRe, p+track)x(1 b-tag, 2 b-tag)

Goal is to maximize sensitiviy : each subchannel has its own S/B

I1E/% (\)/\6H, 2jets : 0-btag S/B~1:4000 , 1btag(only) S/B~1/400 2 b-tag S/B ~
Build Likelihood based on multivariate discriminant distribution to test S
and S+B hypothesis

oz = :
— 25
0 Run Il Preliminary J.L=4, ’J 0-4.2 fbl
© [0S0 Jets, High SB " -Data
S 50", - 165 Gevi i 20 — JHiggs Signal (M =165 GeV)
.2 F uz ITop
$ IDiboson
we 15 TWiets
1Z+jets
]_() ~ JMultijets
W L )

0708 5 04 02 0 02 04 06 08 O
NN Out

05 06 07 08 09 1
NN Ouput

=
: - -
: - - = : : : - -
L ygmm = i i TR : :’ﬂ— g
i E g : -
- - -~ -

o e T
1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 _I'_.Blkg
100 110 120 130 140 150 160 170 180 190 200
July 17, 2011 my (GeV/c?)
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Systematics ceo

saclay

o 80F 7.7 T paa | Uncertainties have a sizable impact
g ) VA — ZHx5 - Flat : affect overall normalization
X a0k '/\ Pre-fit = Shape: modify output of final dis-
JP: | | B Post-f criminant
o -+ Have to account of correlations among
L, channels and experiments
“F -+ Impact is reduced thanks to constraints
408 from background dominated region
60 DG Preliminary, 6.2 fb - Degrade sensitivity by ~15-25%

T 0 a0 e e oo ~oe 1 Goal to reduce uncertainties on background in
RFoutput  particular to gain sensitivity for lower masses.
Main sources are:
= Luminosity and normalization
Multijet background estimates
Background cross-sections, K-factors for W/Z+ Heavy flavor
Modeling of background differential distributions (shape)
B-tagging efficiency
Jet energy calibration
Lepton identification

Theoretical uncertainty for signal. Follow prescription of LHC Higgs
working group

L A I I

w Saclay Higgs Workshop, Nov 2011 B. Tuchming - SM Higgs at Tevatron
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CDF/D0 achieve single experiment exclusion in —
2011

COF Aun Nl Preliminary, L < 8.2 1b"

e —— = [ — 1 — Cibservl
T T T T | - D Prel L L=4.3-H6 h
= LEP Exelusion CDF = ¥ S - - Bxocsed
= - Exclusion| = | SMHiggs Combination
E1D . amams E‘IPHI:I'I.HI 1 _E -E“Fﬂf“di'ﬁ
3 e ., B 2 el
a : 22w Expaced f o
o g
2 =
ey
&
1 i
= [ EF* Exclusion
#———COF Exclusion July 17, 2011 _,..---"""-l'-"'g:l:I_:"";"I!MII:'I-'"""'----..|.,r !
100 110 120 130 140 150 160 170 180 190 200 ]m IHJ 1213 I}I} I4-I} ]5[} ||5U 1Tl3l ]lil-ﬂ l"}l] EJII
m,,(GeVic®) July 17, 2011 my, (GeVie’)

Tevatron Run |l Preliminary, L < 8.6 fio!
00000 Observed exclusion:

§ ' LEP Exclusion Tevatron
B0F ¢ s Excusion 100-109 and 156-177 GeV
o o = Chsarved i k""f i
g Expected exclusion:
o 100-108 and 148-181 GeV

1

{;__T'I':wulrnnlr_xclusl:un -
100 110 120 130 140 150 160 170 180 190 200
m,,(GeV/c?)
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Conclusion =

saclay

All possible Higgs channels are scrutinized by both CDF and D&

= Sensitivity to Higgs boson around 165 GeV is achieved by each
single experiment since winter 2011

+ Sensitivity to lower mass is in range

End of Data taking
= Tevatron has shut down in September
= LHC has now better sensitivity at high mass

Have to focus on analysis improvements at low masses

= Still room to improvements:
- for low mass analysis: WH, ZH

= High mass channels also have a role to play down to ~125 GeV.
Tevatron Run Il Preliminary

s10[ T T T

——  HMov 2009 5.4 b

-+ More acceptance
- Better background modeling

-+ Reduced systematic
uncertainties

-+ Challenge: have all of this in
time because LHC is very fast
nowadays

Projection:
— Jul 2010 6.7 10" o---- 10 16" fexp + improvements|

—  Jul 2011, 8.6 tb"

95% CL Expected Limit/S

Juby 17, 2014

100 110 120 130 140 150 160 170 180 190 200
m,,(GeV/c?)
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Backup
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Challenge ceo
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Expected number of events per fb! per experiment

fg%%ig““ WH-slvbb | ZH-swbb | ZH—llbb | H->WW-slvlv
120 25 12 4 =
135 10 5 2 26
150 3 2 1 =

reconstruction/selection/tagging efficiencies ~ 10% in H—=bb
channels and ~25% in H-=WW channels

w Saclay Higgs Workshop, Nov 2011 B. Tuchming - SM Higgs at Tevatron




Tevatron Experiments at Runll

@ silicon detector
@ Drift chamber
@ TOF PID system

Upgraded

o Calorimeter
o DAQ/trigger
o displaced-vertex trigger

w Saclay Higgs Workshop, Nov 2011

Il r fu
saclay
2T Solenoid
Fiber Tracker
Silicon p-strip Tracker
Preshowers
Forward Muon
R e wy Tracking+Trigger
& -
11 -
RISRSS P
R SR
N 5 —F

Central Muon 20 n;|
Scintillators ™

Tracking in B-field
Silicon detector
fiber tracker

Upgraded

Calorimeter, muon system
DAQ/trigger

Runllb: Silicon layer 0, Cal Trigger

B. Tuchming - SM Higgs at Tevatron
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Higgs search within 4'" generation model

saclay

-~ New heavy generation of quarks 5
= ggH coupling is multiplied by 3 compared to SM R
+ Production is enhanced by 9 = tu,.d,

= Search in di-lepton +MET channel can be recycled

-+ Some analysis tuning required because of extended mass reach (eg
Ag@(l,]) cut not applicable when W's are boosted)

34|\|||\E§|
o) “Tevatron Run II Preliminary """ xp. 93% C.L. leltﬁ
= | 1.<82fb! = (Obs. 95% C.L. Limit,
= 3 i B +1sd Exp. Limit |
O BB #2sd. Exp. Limit |
gL < 4G (Low Mass)
x - e, .
= 5| 4G (High Mass) i
T
of)
Sn)
©

1B

) g | —

506350540 560 250
CDF only 8.2 fb" (summer 11) 123<m <215 GeV @95%CL
DG only 8.1fb" (summer11) 140<m <240 GeV @95%CL

Combination 124<m <286 GeV @95%CL

PR I T N N T NN SN T
120 140 160 180
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Another way of viewing results

CDF + DO Run 11 Plehmlnary L<8. 6 b

CDF + DO Run 11 Prehnunaly L<8.6fb"

Il r fu

saclay

CDF + DO Run 11 Plehmmary L<86fb"

= ‘ - T —+— Data- Background T 5300 [ T —+— Data-B Backgmund ‘ SZSO I "4 Data-B Background
N200 |- 1 4 N200 [ -
S i [ Signal Shoo F [ Signal E S ] [ signal ]
‘E — =1 s.d. on Background ] ‘g — =1 s.d. on Background | *2150 2 — #1 s.d. on Background
5100 | 1 S0l 1 2100 | ’
= = + 50 |
0 0F 0k
-100 [ 100 F -50 F
il T 1 -100 |
200 E m, =115 GeV/c® ] -200 m,=140 GeV/c® -150 | m, =165 GeV/c’
; r | | | | July17.2010 4 00 J | | | | July17,20100 g | July17,2011
-4 35 -3 25 -2 -15 -1 05 O -4 35 -3 25 -2 -15 -1 05 O 200—4 35 3 25 -2 -15 -1 05 O
log, ,(s/b) log, ,(s/b) log, ,(s/b)
Tevatron Run II Preliminary, L. < 8.6 ! Tevatron Run II Preliminary, L < 8.6 fl Tevatron Run II Preliminary, L. < 8.6 !
m160 L L B L e 1)) ‘\"‘v"'w"\“'\“'1"'1"‘1"'{m160 L B
E 115 GeV/c? 18 140 GeV/c® g | 165 GeV/c® :
m, = eV/c 1 =200 | my=140 GeV/c . m.= eV/e 1
g 140 H d g I H o g 140 B H .:t
= Signal+Background { = 175 | o Signal+Background = Signal+Background
2120 | Background g I Background 2120 |- Background .
= e Tevatron Data 12150 e Tevatron Data = e Tevatron Data
=100 12 =100 | 1
= = = ‘
gso» _5125’ »gso +
O 1 ©100 O :
60 g4 Y R 60 w # rrrrrrr :
o 1 50 4 ‘+ f it
20 ¥ 1 25| 20 - et Oa
: July 17,2011 i ‘ July 1 S July 17, 2011
0 A I B N - 0\ - 0 = [
0 2 4 6 8 10 12 1 0 2 6 8 10 12 14 16 15 0 5 10 15 20 25 30

Integrated Expected Signal

4
Integrated Expected Sig

Integrated Expected Signal
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CDF and D@ achieved single experiment
sensitivity in winter 2011

- D@, 8.1 fb!, OS di-lepton
Winter 11 Summer 11
[~162,~165] GeV [~159,~169] GeV

- CDF all WW channels

Winter 11 Summer 11
7.1 fb 8.2 b
[~160,~167] GeV [~156,~173] GeV

= Sensitivity continue to increase faster
than just by adding more data.

Limit for m =165 GeV

D@ Prellmlnary, L =8 fb‘—j- Observed Limit
: , s £ ect

95% CL Limit/SM

] I | | I ] | | ] | | i1 b b I
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)

D@ OS di-lepton 8.1 fb : g, ./a(SM) =0.78 (0.90 expected (0.97 in winter ))

CDFH—> WW 82fh':

0,/6(SM) =0.77 (0.78 expected (0.93 in winter))

w Saclay Higgs Workshop, Nov 2011
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examples of ystematic uncertainties H - WW

saclay

Main systematics Signal Bkg o _ _
Lepton id +rigger  2-5% 2.5 Uncertainties have a sizable impact
Lepton/jet fakes i 14-50% -~ Flat : affect overall normalization
. . = Shape: modify output of final dis-
Luminosity 5.9% 6.1% + Have to account of correlations
Jet calibration 5-17% 3-30% among channels and experiments
E_modeling ~20% ~20% = Impact is reduced thanks to
constraints from background
pT(Z) pT(W) 1.5% 1-5% dominated region
STl - Degrade sensitivity by ~15-25%
- i _ (0] - o . .
Cross-sections (VBF,VH) 5-10% 6-10%  Gog| to reduce uncertainties on
%9 - H production (%e" ;gfye”denﬂ background in particular to gain
Ercs o 3(;‘7 - sensitivity for lower masses.
= (0]
Q. ig _I Tevatron Run II Pnellmmar}—+— Data-Background ﬁ 20 | Tevatron Run|lI Pne]m]mar}—+— Data-Background
"-Om- _ L<82fb | SM Higgs Signal Em 40 3 L<82fb | SM Higgs Signal
E fg 3 —— +1 s.d. on Background E 30 b — =1 s.d. on Background
10 b 2 2 - L
0 _ -+ I + +——+—-—_;_— 10 _ -+
10 | Q%J—'_' T ol T . _
20 F § B
a0 [T M, =165 GeV o ﬁfwo GeV
-40 _ | March? 20]I my, I65 Ge‘\-’ -20 | March? 2011 my, I‘SO Ge‘v’
S0 T8 16 014 12 o1 08 06 04 02 0 30 98 TI6 014 512 o1 08 06 04 02 0

, log,  (s/b) log ((s/b) /&
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Conclusion

H — WW di-lepton channels are scrutinized by both CDF and DY

- Sensitivity to Higgs boson around 165 GeV is achieved by each single
experiment since winter 2011

+ Sensitivity is still increasing faster than luminosity thanks to analysis
improvements

+ Able to probe 4™ generation models

Have to focus on analysis improvements

-~ Tevatron will shut down in September
= Cannot just « wait and see » new data

-+ More acceptance, more channels, reduced systematic uncertainties
-+ Goal to increase H — WW reach at lower masses ~130 GeV
- H — WW will help covering “low mass” ranges for the Higgs Searches

Di-lepton modes are part of the combined CDF/D@ results
=+ See next talk for the contributions of other decay modes
+ See forthcoming parallel and plenary talks for combined results

w Saclay Higgs Workshop, Nov 2011 B. Tuchming - SM Higgs at Tevatron
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gg —H (p.,p.) scale uncertainties Ce:J

-~ Vary independently ggH +0jet, ggH+1jet, ggH+2jets scale
uncertainties (s0, s1,s2).

= Account for migration between jet multiplicity bin.
sO s S2

Ojet 0134  -0230 0.0
1jet 0.0 0.35 -0.127
2+jet 0.0 0.0  0.33

w Saclay Higgs Workshop, Nov 2011 B. Tuchming - SM Higgs at Tevatron



Scale Variations (u_ & )

+ |s our treatment of assessing cross section uncertainties due to scale variations
reasonable?

« \We obtain our gluon fusion production cross sections from:
D. de Florian, M. Grazzini, Phys. Lett. B674., 201-294 (2000).
[arXiv:0901.2427 [hep-ph]].
(. Anastasiou, R. Boughezal, I'. Petriello. JHEP 0904. 003 (2009).
[arXiv:0811.3458 [hep-phl].
- We use a scale variation of a factor of 2 from the central value (u=m /2) to estimate
the magnitude of potential contributions from higher-order processes

« The authors confirmed that higher order corrections to these cross sections are

small and that the standard k=2 scale variations are perfectly reasonable for
assigning uncertainties

» Another recent, independent publication argues for even smaller scale
uncertainties than those being currently assigned in our searches:

V. Ahrens, T. Becher. M. Neubert et al., Eur. Phys. J. C62, 333-353
(2000, [arXiv:0800.4283 [hep-phll:

V. Alrens, T. Becher, M. Neubert et al.,

ar Xiv:1008.3162 [hep-phl].

* Yes, our treatment is sufficient and supported by the theoretical community

Borrowed from: Marc Buehler, on behalf of TeVNPHWG, La Thuile 2011



Additional Theoretical Uncertainties

« Should there be an additional theoretical uncertainty assigned
to our gluon fusion cross sections coming from the effective
field theory (EFT) approach used to integrate electroweak
contributions from heavy and light loop particles?

« Such an uncertainty Is already included:
(", Anastasion, R. Boughezal, . Petriello, JHEP 0904, 003 (2009).
[eriv:l}?‘ll | 3404 [IIE']']—l'Jh::.

* Uncertainties on the gluon fusion cross section used in Tevatron
Higgs searches incorporate a ~2% level component to account for
this effect

« The same authors find that when they entirely remove corrections
from light quark diagrams (clearly too conservative), the total
cross section changes by less than 4%

« Our current treatment of EFT effects is on solid ground

Borrowed from: Marc Buehler, on behalf of TeVNPHWG, La Thuile 2011



PDF Uncertainties

 Should our PDF uncertainties account for observed differences in cross sections
obtained using our default MSTW model and ABKM/HERAPDF models?

« See Juan Rojo's talk on “Recent Developments and Open Problems in Parton
Distributions” in the Tuesday afternoon session

« ABKMOQO9 & HERAPDFs do not include Tevatron data, which provide the best
constraints on the relevant high-x gluon distributions at Tevatron energies

« A comparison of high E_Tevatron data with ABKM09 & HERAPDF shows large

disagreement:

ABKMO09 at the Tevatron:

Ratio of DO High-ET
jet cross-section to
ABKMO9 prediction

(Data vs central PDF value)

(— Uncertainty on ABKM Prediction)

) C DO,070f  Ree=07 | FNLO pQCD o=l =P + * Data _ ]
1.5 1 +nan-perturbative corrections + Systematic uncertainty &
g | oum— el [T o vemmnnninn, b e b
o i o o
EM: DO Preliminary | T l T ]
o 0.5 T T .
< [ |y|<04 T 04|yl <08 T 08y «1.2
:ﬂ_ﬂ;\ AR SRR R s A S B T
1™ L 1 1
2 | ES3 NLO scale uncertainty T === ABKMOSNLO withyuncertainties
=15 T + - *
: ; q.._..‘.i...l..."* ;; . l||ll'r|lllll|.‘* . '..-.‘..‘i
E1_ﬂ_- lllllll -r .
@ ]
Qs T T
F 1.2y <16 T 16yl <2.0 120y <24
I R S =i S s AT
50 100 200 EﬂﬂpT {GEU]ISU 100 200 Sﬂ'ﬂp_r {GEU]E{] 100 200 300 P, (GeV)
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Treatment of Theoretical Uncertainties

« Most theoretical uncertainties are rather loosely stated. They are interpreted
In terms of a maximum range of variations (flat prior)

« We treat theoretical uncertainties as gaussian (gaussian prior)
« Are we underestimating our uncertainties?

* We use the maximum bound as 16. This means we allow even larger
variations than the given bounds. (See figure)

« We also tested the flat prior approach and found no significant change in our
limits
« We are not underestimating our uncertainties

Flat Prior ]
- Gaussian Prior]

n
Q
=]

Prior Distributic
o
(2} ]
T I 1IN |

o
o

IIIII
]

03 [ : ]

02 - 3

u_'.....‘lq'.' ....... -....I.|||1||||I||r-|44|||:1 ?

Uncertain Parameter

Borrowed from: Marc Buehler, on behalf of TeVNPHWG, La Thuile 2011



Emulation of Tevatron Limit Calculation

Care needs to be taken when trying to emulate Tevatron limits

Correlations between different input channels need to be properly taken into account:

« Our limit calculation uses these correlations to constrain the backgrounds

« QOur backgrounds are better constrained by the data, as compared to the theory. This can be viewed
as a measurement of the true rate and the a posteriori uncertainty is an experimental determination

of the true error.

An estimation of the sensitivity increase due to MVA is not straightforward:

« Qur pre-selection cuts are kept as loose as possible to maximize signal acceptance and cannot be
interpreted as an optimized cut-based analysis

« MVAs are used to separate signal from background
« To estimate MVA sensitivity gains: compare fully optimized cut-based results with MVA results

«  MVAs typically improve limits by ~30% over optimized cut-based

Impact of theoretical uncertainties:

» Theoretical uncertainties are statistically accounted for together with other systematics

» Increasing theoretical cross section uncertainties is not equivalent to decreasing the central
prediction

Borrowed from: Marc Buehler, on behalf of TeVNPHWG, La Thuile 2011
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