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Where to look for SM Higgs boson ? ceo

saclay
March 2012
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The Tevatron proton-antlproton collider <

~120 pb™ per experiment-top quark discovery
Run IT: (2002-2011)

- Shutdown 30 september 2011

~12 fb! delivered per exper'imem
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Tevatron

r--',k-..-?u— s o i, .-- ;

e~ o Run |l  Integrated Luminosity 11871.03 (1/pb)
Main Injector 12,000 -
_ & Recycler = .. 2011
e i . 100004 2010
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©¥6396-ns bunch crossing g 2003
- | é ﬁJuuu:
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Low Mass vs High Mass at Tevatron ceo

saclay
search modes depends on the mass
SM Higgs production
103----7-..... TeV 11 §
o [fb ) H
[fb] f .
10 ©
- q _“h
b g W,z
10 W, Z
T Tt m,<135GeV  m,>135 GeV
1100 120 140 160 180 i 200 q'\v‘\ H — bB H —> WW*
. e H— Tt
2
Low Mass vs High Mass channels: =
comparable sensitivities @130 GeV 0!
VH — V bb modes B
. 10
— the most sensitive @125 GeV
10-80 1(;0 120 140 160 180 200
m, (Gev/c

)
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Tevatron analyzers are still improving results —-

saclay

. Updates for Summer 2012 m

SJ:LZ“ Changes
H—-W*W- %Y (technique + new data)
H-ovyy I (technique)
ZH—I""bb PES (technique) O (minor changes)
WH—Ivbb B (technique)
VH—vvbb B(technique) @) (minor changes)

~10-15% gain in sensitivity for channels with improved technique
since last update in Moriond 2012
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Complementarity between LHC and Tevatron

saclay

The name of the game now: Probe new particle's couplings

Tev vs LHC: Main sensitivity from different production mechanisms and
decay modes

£ 1g _. é —— Main mode

E o e e (R H

aa : Supporting mode
£ ;

; -

[&] oy

m Tevatron

Tevatron main modes:
e \VVH—-Vbb H—-WW

I 10° 700 200 300 500 1000
MqiGeVl  |LHC main modes:
* H—vy, qqH — qqtrt,
H-Z2Z, H—- WW
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Complementarity between LHC and Tevatron

saclay

The name of the game now: Probe new particle's couplings

Tev vs LHC: Main sensitivity from different production mechanisms and
decay modes

—— Main mode

menee Supporting mode

LHC
Tevatron

L | L.l .:lll
[HCHIGGS X3 WG 3073

Tevatron main modes:
¢ VH—-V bb| H — WW

I 100 200 300 500 1000
Ms(Gevl  LHC main modes:
* H—vw, qqH — qqrr,
H-Z2Z, H—- WW

Tevatron has the possibility to test the
Hbb coupling
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Main channels at the Tevatron o
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For M, <130 GeV , For M, > 130 GeV
pp — WH — Wbb 5'\.| gg_>H_>WW* \‘\ 7/
ev bb, kv bb: Iﬁ(& . evev, VUV, evuv
2 b-jets ~40 GeV v 2 leptons ~ 40 GeV
1 lepton ~ 40 GeV
E_~40 GeV £, ~ 60 GeV
op ZH — Zbb smallAg(l+,1-) (H is scalar)

ee bb, pp bb A © eV, Wi
2 b-jets ~ 50 GeV '/ = 1 leptons ~ 40 GeV
2 leptons ~ 40GeV \ E_~ 40 GeV

VvV bb: 2 jets ~40 GeV
2 b-jets ~ 50 GeV N\ M,=M, =80 GeV
)\

Er o0 el S pp - WHoWWwWe

pp —H+ Z/\_//X — ] T v ee+jj+uv,ep+jj+vv, HU+jj+vv

2 jetS ~30 GeV § ET ~ 40 GeV

1 leptonic tau <

1 hadronic tau 7 2 lepTonS Of same Char‘ge %
S \*
\
2 T

i X sec normalized to NNLO NB: Xsec normalized to NNLO+NNLL |
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Backgrounds to Higgs o

antiproton

q’ g

£l

Ql

jet

jet

saclay

e Di-boson WW, WZ, Z2Z

Canyield 1, 2, 3 or 4 real leptons
NLO calculation for cross-sections
WW = irreducible background for H - WW
= NLO correction for p.and di-lepton opening angle

o [+jets, W+jets, W+w ~Z+y

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

p-(W),p(Z)
background for all channels:
= ForH —-> WW — leptons, H — 11
= jets or photon faking additional lepton
= mismeasured jets or lepton yielding E.
= \W+jets background to WW — v jj signatures
= W+bb, Z+bb final states mimic ZH, WH
 Top pair
Two real W's from top decays + 2b
Cross-section normalized at NNLO

* QCD multijet events
Jets faking leptons
Mismeasured jets creating E._
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Search Strategy c=a

saclay

Try to maximize acceptance
= Many different lepton reconstruction categories, loose lepton-id using MVA
= Optimized b-tag, use different b-tag categories
= Lower kinematic requirements, Inclusive triggers when possible

Split analyses into subchannels
= Different signal/background to maximize discriminating power
= Sensitivity to different signal production mode

g = Also gives more handles to control background level and
= systematic uncertainties

Dibasen

e EREEL Vultivariate techniques to maximize use of available
information

= Decision trees (BDT), Neural Networks (NN), Matrix Element (ME)
= Trained for each subchannel and Higgs mass hypothesis.
= |nput variables:

= event topology, lepton and jet kinematics, quality of leptons, Matrix
Element discriminant, relation between lepton and E_, relation

between jets and E_, b-tag of events
= Many analyses employ several MVA against specific backgrounds
 Use data

- data control region to model specific bakgrounds
- Validate technique measuring diboson cross-sections
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b jets taggmg essential for search at low mass .
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Tagger
-+ NN
+ JLIP
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b-Jet Efficiency (%)
(=]]
(=]

%))
o

chtbased

“ b-jet tagging
o ] uE
. | P 15:and D<M[<25 | | 3

Eg CDF 2" vtx tag, e=50% for 2% mis-tag at n¢l
Eg: DO NN (2006), £260% for 1.5% mis-tag Pt=50 GeV (loose tag)
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Con 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)
- Combma'non of above with multivariate :




Improvmg acceptance with better b-tagging

saclay
.........................................................................................................................................................................
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L E@® ] MVAb-et |
S 65| —+— NNMoriond 09 | :
% B NN Summer 09 tag g | N
= | —#%— MVABL Summer 09 | ?
‘.I-IJ_I 60 : : : ' L
B — ./ ~Can make use of:
F / )1 NN b-jet . ° High impact parameter of tracks
50; | tagglng ==> light quark Jet Probability
RIS S N v 8 . ° Secondary vertex reconstruction (SVX)
g Hp J : | p>|:403nd o:e.m|<oa: o Lep'ron 1,09
- e b-jet kinematics (large B-hadron mass)
I I T B P B

Y B Ty e Y - Combma'non of above with multivariate : :
fake-rate ("/E :
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Eg COF Hobbit MVA(2012), £60% for 2% mis-tag at n<l
Eg: DO MVA (2009), £260% for 1% mis-tag Pt=50 GeV
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Use data as much as possible ceo

saclay

* Instrumental background need to be determined on data

- jets faking leptons, photon faking electrons, charge mis-
measurements, Mlssmg E.

« Background enriched samples to tune or check modeling of

specific background processes 16°___ZH-¥Wob EW contral sampe (pre b-ag)

O 185 @ N DO, 9.5
=) r -
- 1'55_ —+-Data E
2 9 mTop 3
S 12 W V+hfsVV 3
COF Fun Il Preliminary o i3 V+Lf. E
B HWW-BasellinvSameaSign o 0.8 E
: _Ww = c ﬂﬁ;_ .- _;
' gz (B T 04 3
; E; E" t o02f ———
E il — gy 1 . 0E P PRI IO I IR i e,
u 0 50 100 150 200 250 300
w =160 Dijet Invariant Mass (GeV)
«10° ZH—vwbb MJ-enriched sample (pre b-tag)
(LN N N L R R L R EELIN SN BN R
@ DO, 9.5 b’
W4y sample et
B Top
B V+hi4vy
V+L1.
TP TOTRE PUR TP T B Muttijet

0
00 05 1l.'l 15 Eﬂ 25 EIJ 35 HI 45 ﬁﬂ w

50 100 150 200 250 300
Dijet Invariant Mass (GeV)
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Each channel uses (at least) one
multivariate discriminant

W W
I~F N :
I £, S

)
\ “ “ 6\ D
vCDF Run Il Preliminary (4.3 tb™)

i i

| l

El E)

g COF Run Il Preliminary [Lﬂ.l ' v

oy =40

S 050Jets m 'E  b) DG 5.4 b > B0OE ZH-vbb Analysis sample (two b-ta1 s o
o My = 160 GeVie® 8 a 10°L © “ " F MJDT>00 DO Preliminary (6.2 tb”) soF —Fi——
£ 20 |z o 10 © 700 = Tor : s
£ o . ~ f 8 600} e [ o e
mo;_ ‘E : B E 5%':’:‘0 mj E g:EE 115GeV)x 10
140 g 02 o 5 5m:_ iggs (115GeV)x
1205 2 10 & 400}
1005 -
80E- 300 :
60E 10 200E
40 100
20 s
. . L I . H e T id b
% 05 1 15 2 25 3 0 0.5 1 L5 2 DiJet Invariant Mass (GeV) 0 50 100 150 200 250 300
Ap{ll) A(b(L:) (I'ad) Dijet mass (NN b-jet Energy corrected) (GeV/c?)

Main discriminating variables as inputs to

-

Final multivariate discriminants

CDF Run Il Preliminary JL:M b’ CDF Run Il Preliminary (4.3 fb™)
['+] N E E
Q ., 050 Jets, High S/B o i E 1 * Data F p——
e 120'_MH =160 GeV/c? Eg = E ) DO 5.4 b T |Bkgd. syst. o w ’ 501 = e
5 F m -~ C — Signal . 450 DO Preliminary (6.2 fb" F B Saiorop (o)
= u I [ =] —+- Data 300 =3 Single top (sch)
; 5 10° Do 3 = r =
> E_ 1 S0n Veh.f4VV F WH:E/C
w = F B Wjets £ 350 Wit 2501 — i
= r [ JMuitijet g 200 o v 10 r —— Higgs (115GaV)» 10
r R w
102 250
200
150
10 100
50
F . - P P
4 08 406 04 02 0 02 04 06 08 | 0 0.2 04 0.6 08 1 ¢ .2_ 04 06 0. 0 0102 03 0.4 05 06 0.7 0.8 09 1
NN Output NN Output Final Discriminant BNN output (M, =115)
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Analysis method: Divide and Rule ceo

Channels are split into subchannels: O(100) analyses to be combined ™~

- Different bins in jet multiplicity, different b-tagging content, lepton flavour,
lepton id criteria

= [Ibb at DO = 8 channels ®
= (ee, uM, e+ICRe , u+track)x(1 b-tag, 2 b-tag “‘:
= Summer 2012,WW—> llvv channel at DO: :

L Ll 1 1 I 1

= Dﬂ Prellmlnary —— data
- L=97fb’
pu + MET

Events/0.04

= splitinto diboson enriched/deplered region

"n- 01 02 03 04 05 06 07 08 09 1
WW BDT 0jet
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 ~

@ 200
CDF Run Il Preliminary CDF Run Il Preliminary (4.3 fb™) § 180F i » 1%} Prellmlnary W+2je l/2 b t 9 § D@ Prehmmary L—3 0-4.2 ﬂ)l
8 [050Jets, HighsiB _w s00E == o w L=501b" E\hlllwlitetJ JoS e Data
O BOF I, - 165 GeVic? i F b 160 u iggs Si =
5 e = ) S wobicr 5 EIHJgES Signal (M =165 Ge¥)
2 =k 140 = W Top
] = @ s-top m .
& E = 120 ibo o [CIDbiboson
200~ — 4 e [0 W+ets
r 100) 3 [ Z+ets

80 [CIMultijets

60
40

L L O L L R R R

20
[ S o R R R

R T R ey 0 010203 040506 07 08 09 %s G701 02 03 04 05 06 07 08 09 02 0 02 04 06 08 1 1.2 0 01 02 03 04 05 06 07 08 09 I
NN Output BN olipui (i, 2315) DT discriminant Neural Net output NN Ouput

Build Likelihood based on all multivariate discriminant distributions to test
S and S+B hypothesis
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Combine many channels —

lay
D@ channels CDF Run Il Preliminary, L < 10.0 fb™
= UL L L L L L L DL LR IR B
@_ e WH+ZH+VBF—jjbb 9.45 fb'' Obs — WH+ZH—METbh 9.45 fb”* Obs
_ "E’ LEP ; WHfHA’BE jjbb 9.45 f5"" Exp ; WH+ZH ~r.1Errhhf.45fh'Exp
H+(X)= v+ = j w3l — e w11
ZH — vobb 3| P o ommee e
ZH—>€+€_bB 3 —_— ttHf.'IEI'r]:E;tE»E.Tfh:DhE.  — ttHlfget;g.ufh::ohs
VH — e 1 X 5| B
H—WW- = vt | | T namen e o wwertsion
H— W'"W™ — puvthaav T MowwernTEe
H— WHW~ — (o] 102} T Gembnedo .
VH — 000 + X s ]
VH — 7+ X
H— vy
CDF channels 10
WH — (vbb
ZH — vizbb
ZH — (¢~ bb
H— WW-
H— W"W~™  (e-Thaa)+(i-Thad)
WH — WWTW~ — ¢50* + X 1
VH — VW W™ — 06 + X ]
H— ZZ — 0ot L | | | | | | Fehnl.laryz?,ﬂﬂlm
H+ X -t
WH D> tor1-)2H = €01 100 110 120 130 140 150 160 170 130mH Eggwﬁg;m
PRSI « Use also “low” sensitivity channels:
ttH — WWhbbbb «  Gain O(10%) sensitivity

- Can probe SM-ness of Higgs-like particle
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Systematics c=a

saclay
T SN — - Systematics are channel dependent
: - Flat systematics: affect overall
F '/ \ - normalization

- Shape systematics: modify output of
final discriminant

Impact of systematics is reduced thanks
to statistical method (~fit procedure in
background dominated region)

DG Preliminary, 6.2 fb” - Have to account of correlations among

0 0.1 02 0304 0506 07 0808 1 channels

| RFOutput . Degrade sensitivity by ~15-25%
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

7 Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron



Validate methodology using data

eg at D@: 8250/ DD, 8.6 fb " Il + E,
Measure pp —WW—lv Iv cross-section  €y9ot . Data-Bkgd
- Employ same analysis technique as in ‘E150:_ I Signal (WW)
searches for H-WW-—lvlv SO0 — Bkgd = 1 s.d.
= Same subchannels u.l"m:_
= Same inputs to MVA 50k
= Train MVA to discriminate WW production 0:
= Similar treatment of systematic .
uncertainties -50+

0 0.10.20.30.40.50.60.7 0.8 0.9 1
Final Discriminant
H — WW — Ivlv search with 8.6 fb’!

PRD 86, 032010 (2012)[arxiv:1207.1041]

D@, 8.6 fb”’
Oow 10.6 + 0.6 (stat) + 0.6 (syst)
Cww —++— 12.4+1.2 (stat) £ 0.9 (syst) _
ol sl 11.0+0.9 (stat) £ 0.7 (syst) Megsured cross-s_ectlon: 11.1J_r_0..8 pb
geombined ol 1.1+ 0.5 (stat) 0.6 (syst) in agreement with NNLO prediction
GNLO -  11.7+0.7
Campbell and Ellis, PRD 60, 113006 (1999)
50 A5 20 25 30

cross section [pb]
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Validate measure WZ/ZZ (Z — bb) cross-section =

saclay

« Benchmark of H — bb searches with real data
 Employ same MVA techniques
» Also look at dijet invariant Mass

antiproton

;zb

For m,=115 GeV Replace H with Z
WH—lvbb: o0 = 26 fb WZ—lvbb: o = 105 fb
ZH— vvbb:g = 15 fb - ZZ —vwbb: o= 81fb
ZH— 1lbb: o= 5fb ZZ — 1lbb: o= 27fb
Total VH: 0 = 46 pb Total VZ: 0= 213 fb

« Higher rate than Higgs,
_+ Butalso larger backgrounds and systematics as Pt's are lower
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Validate measure WZ/ZZ (Z — bb) cross-section =

saclay
c - - _— 3
o) n ) 160 CDF Preliminary, Lin <95
2 5o @ DBISITIO L, pa g 0E T b-Tagged ets”.
s f B Fitted VZ 120F- e ~+ Data- Bkgd
g 100 —— Bkgd *1 s.d. 100E- — Bxad Uncert.
= F BOE- .z
S0 soF Dz
40F
- 20;—
501 2';;
- | o
00 L _Mu_ 5000 15 00 950 400 B0 400
24-22 2 -18-16-14-12 -1 -08-06-04 N 2
Ing(SfD) Dijet Mass [GeV/c]
* Results (MVA discriminant): G % Tevatron Runll,L_<9.7 fb’
0=3.920.6 (stat)x0.7 (syst) pb E sool 12 b-Tagged Jets
. . o . -+ Data - Bkgd
* in agreement with SM prediction & | =iz ]
- 44+40.3 pb o 400 wm Higgs Signal
*g m, =125 GeV/c®
@ 200
PRL 109, 071804 (2012)
0
-200} + | | \ |

1 1 1 1 1 1 1 1 1 1 l | 1 1 1 1 1 1 1 1 1 1 1 | | 1 1 l 1
0 50 100 150 200 250 300 350 40C
Dijet Mass (GeV/c?)
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Tevatron full mass range combined limits ceo

saclay
High mass channels able to exclude SM Higgs @ 95% CL
147<m,<180 GeV is excluded
expected sensitivity 139<m_ <184 GeV
Tevatron Run Il Preliminary, L < 10.0 fb™
o — B T R xiAd.cme
= 40 - Tevatron Runll Preliminary BlLLR, +1s.d E & : 5 | s ma
c F [JLLR, #2sd.| = w | Excluston
5 30 - SM Higgs, L <10.0 fb™! ---LLR, € 10 —%Eg ...... —
o) - 3 33 22 ediExpected iy ]
o - ---LLR_,, e 3%: .  Exclusion
— - -] w2
T 201 — Mo o [§ @31
ﬁ - 3 Eyg
> 10 o s
o ]
4 =
0 / 1
A0 R B 0 A
_20 E'_ IIIIIII Livauilasealivselaiveal |.|-| AT T T . ..... ﬁ';"' ST ............. . G ........... ............ i
100110120 130 140 150 160 170 180 190 200 . g Beluslen o wneao2
June 2012 Higgs Boson Mass (GeV/c ) 100 110 120 130 140 150 160 170 180 190 200
m, (GeV/c?)

Excess observed in that data at m =120 GeV
3.0 standard deviation , (2.5 global excess=accounting for LEE)
p-value=1.5E-3

Limits For m_=125 GeV g, /a(SM) =2.35 (1.08 expected)
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High Mass results ceo

saclay

Each experiment alone is sensitive to sizable mass range ~165 GeV

CDF Run Il Preliminary
[ D@ Preliminary, L <9.7 fo = Observed w

IL=a7m*_, -

10% - =
F: b
- ° - SM H—->WW Combination === Expacicdwio Higgs
- [ - Expected +1 s.d.
E 'g 10 & D Expected +2 s.d.
© 10 £
- = _
o (@]
a2 52
& (3
1 =
T R T T a0 ish 40 {6 160 170 180 190 500
Higgs Mass (GeV) June 2012 Higgs Boson Mass (GeV/cZ)
CDF DY
Expected exclusion [154,176] GeV [157,173] GeV
Actual exclusion [149,175] GeV [158,170] GeV
Sensitivy @ 125 GeV 3.1x ag, 3.2X 0,

- For low masses [120-140] GeV: results from D@ show some slight excess

- A Higgs particle of 125 GeV, would create on average a ~10 excess around
[120-150] GeV
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H — bb (low mass) results ceo

saclay

Each experiment alone is sensitive to sizable mass range ~165 GeV

= '— Observed = F
.:E S Expected w/o Higgs O - (a) == Observed DO, 9.5-9.7 fb
510§ W Expectedtisd. S [ — — Expected for M,; =125 GeV
i B [ | Expected+2 s.d. o i i
i—; B - Expected w/m,,=125 GeV/c < === Expected w/o Higgs
% é 10 E - +1 s.d.
----------------- O F +2 s.d.
| |
"""""" @] L
2L
1 To)
SM=1 o 1
2 SM=1
C I 1 1 | | | [

- ; . - - 1111 | 1111 1111 L1 b1 L1l 1111 L1 L i1 ] | 11 11
20 100 110 120 130 140 150 100 105 110 115 120 125 130 135 140 145 150
my (GeV/c%) MH(GeV)

CDF DJ
Exclusion@ 125 GeV 2.89x 0y, 3.2X 0,

Sensitivy @ 125 GeV 1.39x 0, 2.3X 0,

- For low masses [115-145] GeV: excesses in both experiments
= >2 sigma in CDF
= >1 sigma in DO

* Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron



H — bb resulits

« 3.3 sigma @135 GeV
» 3.1 sigma accounting for LEE

 Shape vs Mass is OK but more
pronounced than SM Higgs

- Best fit prefers 2x SM model
Yield

O IIIIIIIIIIIIII|||I||I||||||||||||||||||||||||||||_
% 20 = Tevatron Run I, L <97 fb’! Bl LR, t1sd.
o [ JLLR, +2sd.
'§ 15 ---LLR, -
é i LLH3+b E
g 10 — LLR, -]
= == LLR expected for
g 5 m,~125 GeV/c®
-

-y
I'lr.'-l- .
'-"Hlluqunulr- 1111111
-m"
an" =

-----

10
100 105 110 115 120 125 130 135 140 145 150

Il r fu

=
saclay
Tevatron Run Il H—bb, L<9.7 fb™
o 150
o —+— Data-background
Q
% 100 |- I SM Higgs signal, m, =125 GeV/c®
I.% —— 11 s.d. on background
50
D B 10
I | = g 5
50 |- £ -i — ]
& o 3
-100 |- °
103 075 05 -Io.lzs (s ]o
PR PO O P O PO . o1
ha -3 -2.5 -2 -1.5 -1 -0.5 0
log,,(s/b)
= -1
= Tevatron Run I, L <9.7 fb = 1-CL, Observed
=
. B 1-CL, Expected
o T +1 s.d.
3
o 1
o
o
&
m 107

—
=
]

—t
Q
[4¥]

100 105 110 115 120 125 130 135 140 145 150
my, (GeV/c?)

m,(GeV/c?)
PRL 109, 071804 (2012)
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SM Higgs Summary =

saclay
« Exclude@95% CL 147<M <180 GeV
 Observe broad 2.50 excess in low mass range Tevatron Run Il Preliminary
- Compatible with SM Higgs of 125 GeV i L <1001t
- Compatible with experimental resolution iy, = 125 GeV'ic*
-+ Shared between DO and CDF HoW'W I combined (68%)
- excess mainly from H — bb (3.1 o) -m- Single Channel
= Yield ~ 2x SM for m =125 GeV H-syy | _
H-sbb [
Tevatron Run I Prellmlnary, L <10.0 fb™
= [ T oeeemed | ATlaseoms
@ R ... E,pacted wio H,ggs' Tevatron  Exclusion L
E 10 : e A ( ; 5 0 i 2 | 4 4] i T
= Jura 2012 Best Fit EFJrEFHM
-
3}
2
&
1 Local and global excesses at Tevatron:
Channels Local Global
| 5 e | Junfrm ' All Tevatron 3.00 250
100 110 120 130 '1210"1'56”1'66' 170 180 190 200 H—bb 330 310

m,, (GeV/c?) >
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(selected) results for Higgs beyond SM

i ol

ET scale: 35 GV

Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron
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Fermiophobic Higgs search ceo

* Recycle SM analysis but gg — H is suppressed ot oopemay.sem

« Look for H — yy decay
- Look for H - WW decay

e Benefits from SM search improvements
- eg NN based photon Identification at DO
- MVA for final discrimination

Channel Luminosity
(fb~™")
CDF H = WTW™  2x(0 jets,] jet)+(2 or more jets)+(low-mee)+(e-Thad ) +(mad) 8.2
CDF WH = WWTW™  (same-sign leptons)+(tri-leptons) 8.2
CDF ZH = ZW'W~™  (tri-leptons with 1 jet)+(tri-leptons with 2 or more jets) 8.2
DO VH - FF1* + X 5.3
Tevatron Run Il Preliminary L <8.2 fb™

E SN RATEN RSN A LR R R LY LR LN

T10 L e

= [0 =1 s.d. Expected

£ [ 12 s d_Expected

£

-

0

§ 1

10 -1 - L Augfsu.lzmj

m,, (GeV/c?)
f

saclay

(=]
2 E &
c 0.3 )
% Ei * Z 5 1I'T+y (I=e,u) data
5 0.25:— . y MC
c C .
._g 0.2— ...... jet MC
o E o
©
= 0.15—
01—
005
T e :l.I_- .......... I I I I t
0 01 02 03 04 05 06 07 08 09 '(; E|
NN
> E
3 4500E D@ preliminary, 8215 _°_data
% F o I Z/y ->ee
£ 4000 jet+jet
i 3500 = y+jet
E YY
3000E% J
E e [ Signal x 50
2500 =
2000
= --
1500 ~
= -
1000 L,
= -
500
: ey
%o 80 100 120 140 160 180 200
M, [GeV]

100 110 120 130 140 150 160 170 180 190 200 exclude: mH<1 19 GeV @95%CL

Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron
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Higgs search within 4'" generation model

 New heavy generation of quarks 5
+ ggH coupling is multiplied by 3 compared to SM R
» Production is enhanced by 9 0 tu,d,

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

100 7\ 1 1 T T T 1 1 1 T T 1 1 1 ‘ 1 T T [ 1 1 1 ‘ 1 T [ 1 | 1 ‘ 1 1 —— 4 - LE B s B L L R S L B S B B S s B L B S S B S
g - CD‘F"'DO‘Run_}f —+ Data-Background i':" i Tflval:mn Run II Preliminary wwerr Exp. 93% C.L. Limig
% 80 | L=48-541b BN 4G Signal . = L <82 fb" —— Obs. 95% C.L. Limit
& i | = B #1s.d. Exp. Limit
L% 60 : —— +1s.d.on Background: g 3 3 s.d Exp. Limit

40 | - s | 4G (Low Mass)
i . 2 4G (High Mass)
20 [ — - -TF 7 |
L 1 L ] i
0 [ == ——— g
-20 b —+ : !
-40 .
i PRD 82,011102 (2010) ] - .
B m.,.=200 GeV ] 1 e e e

o oy 120 140 160 180 200 220 240 260 280 300

2 -18-16-14 -12 -1 -0.8 -06 -04 -02 O m,, (GeV)
log, (s/b)

CDF+D0 combined exclusion: 124<m <286 GeV @95%CL
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SUSY Higgs at large tan B ceo

saclay

In MSSM 2 Higgs doublets (type II)
- tanPB=v2/v1 ratio of vev's
5 Higgs : 3 neutral (h,H,A) and 2 charged (H+,H-)
2 parameters at tree level : (M,, tan(B))

- Atlarge tanf : 2 neutral ~degenerated in mass with bbg coupling ~tanf3
= Decays ¢ — bb (90%), @ — 11 (10%)
cross-section enhanced by ~ 2 x tan?f3 (at leading order) relative to SM
Region of interest : when tanf <M/M, ~30

Search channels at

Search channels
—_—Q----- .
¢  at Tevatron g POPONY . TeViltIZOH :
\ bbb(b) b _ I T
b - g
S bt*t (D) _ y tanp

Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron
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Tau channels at large tan(B) e
T,Thaa+ T, Thea ChANNEIS v
; b 1000""""""""5R[ 103 301801(2009)
b 9. 200l CDF Run Il 1.8 fb-1| |
q i MSSM ¢—1t Search
b anB Preliminary
600+ :
0 { observed
(] Zh*—tT
200f [ other EW, tt -
I jet fake
0
0 50 100 150 200 250 300
(Pob—>TT b m, (GeVic?)

DO, L=73f" — data D, L=73fp" — data 100e22 L=7.3fb"
400E ) Allc tvoes M Z+ jets 120E b) Allt, types b) m max, u=+200 GeV
(a) All T, types g o (b) All t, types (b) m_max, u=+ e

350 - W 1 - gb — bo
Other Other
9950 - Sigm =110 Gevic? 8 - Sigm =110 GeV/c?
i without b-tagging with b-tagging . Do expected

I D& exclusion
[ LEP exclusion

— CMS obs. 36 pb' [10]
CMS exp. 36 pb'[10]

|
50 100 150 200 250 300 100 150 200 250 300

/ AT 2 = T = e = :
M =\ (7 g™ + Er)” ~ 5" + 5’ + Ex* O [m, =110 GeVic'] PRL 107,121801(2011)
S V5 Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron 30 %
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Searching for a bbb signal ceo

saclay
Difficulty : model multi-jet background 512007 Do, 5215
- Even more challenging at LHC 2,000/ High-mass likellhood
+ DO and CDF find similar flavour admixture § - 00 Deta
- But large systematic uncertainties - so0- B8 Heavy flavor
Look for excess in di-jet mass spectrum 00 PLB 698, 97 (2011)
Best Fit (with signal template) 200:_

=, 2250 M bbE i

> 2000 . bilb or -

© 1750 : :::: 1008

=1500 M bab - 1 I-I-I- e NP E . U -

‘i"usn W m,=150 0;+_|_| 1 |_|_--T e

® CDF 2.61b - -|-

@ 1000 50 100 150 200 250 300 350 400
::E bestfit: S+B & M, ; [GeV]
250 E )

%o 100 150 200 250 300 350 - DO, 5.2
CDF 2 6 fb_l dijet mass m,, (GeV/c?) 102 Expected

95% C.L. up%or limits

Expected +1 s.d.
[ Expected +2 s.d.

— Observed

expected limit
1o band
2¢ band
observed limit

=
T T T T TTIIT

Cross sectionx Br 95% C.L. [pb]
S
[

I PR B S M SR S R S T T
100 150 200 250 300
M, [GeV]

1||1|1||||l|||

' I A L '
100 150 200

A I L L A
250

.300 I35L‘l
m, (GeV/c?)
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Tev constraints on MSSM parameters ceo
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 Most stringent limit arise from DO tau+b combination: probing tan 3~20
_ DFZ}_, I___= 5'.2'.?:3. fb': . D@, L =5.2-7.3b"

{s)] m_max, p = +200 GeV

D@ MSSM combination

Wl + 70 + bbb PLB 710, 569 (2012

Expected limits:
..... D@ expecled

B OC exciusion
e prz73f 3 skl I LEP exclusion

=nm 2z 7.31b7

t0pTb Important at o wszet e ATLAS o, 38510
0700 150 200 250300 100 150 200 250 300
M, [GeV] M, [GeV]

* Tevatron combination for bbb channel (accepted by PRD RC)
Intriguing excess @140 GeV (2.50 local, 20 with LEE)

m,, max, u=-200 GeV Tevatron 2.6-5.2 fb™
[ Tevatron exclusion

3

Tevatron, 2.6-5.2 fb™'

tanp

—— Observed 90 [ | LEP exclusion
----- Expected 80
[ Expected +1 s.d. 70

Expected +2 s.d. 60

50
40

=
o
T

a(gb-> ¢ b) x BR(0—> bb) 95% CL [pb]

30 — Observed
—— Expected
1 20 ----- Exp. = 1 s.d.
108 Exp. + 2 s.d.
~ L X X X X L X N N . 1 . N N L N . . ] = L1 T T Tt —y—+
100 150 200 301 100 150 200 25 300
M, [GeV] M, [GeV]
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Conclusion e

Ay

. Ewdence for SM Higgs-like particle @125 GeV Tevatron Run I Prelimiary
Probing the bb coupling - - <1001
We expect finalized publication of present results _ M= 126 GeVic
quite soon, with more sensitivity( O(5%) ) HoWW I Gombine 5%
Further sensitivity O(20%) could be achieved with - Single Channel
improvements asdily -
= jet resolution, b-tagging, kinematical contraint to 125 GeV
= But Tevatron man-power is leaking toward Switzerland H-bb |
e MSSM at large tanf | o
Explore down to tan3~20 eme BestFtelo,

Could gain by combining DO+CDF bbb+tautau
Intriguing excess in bbb : will be worth to analyze full dataset

Some other more exotic final states have been looked for
Fermiophobic, 4™ Generation
Not mentioned here

* h— aa — pupy, puTT
= H*—> WA
= H*™ — 171, ut, U

New ideas to probe signatures unique at ppbar colliders are also welcome

Nov.2012, B. Tuchming, GDR Terascale, Higgs results from Tevatron 33 w
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Tevatron Experiments at Runll ceo

saclay
2T Solenoid
Fiber Tracker
Silicon p-strip Tracker
Preshowers
Forward Muon
L g = « Tracking+Trigger
_!'!u. il |.-. \\ .'_-:\_"_'u mn
oL o ? L]

AR B
- Ny N

By R _

______ SRR e
Beamline = ] e
= JELENSS
L T SN ~
‘IC;entlrallM{JO;ll_l_ZOh"' S I" -
Scintillators b -
@ silicon detector » Tracking in B-field
» Drift chamber » Silicon detector
@ TOF PID system o fiber tracker
Upgraded Upgraded

@ Calorimeter o Calorimeter, muon system
» DAQ/trigger » DAQ/trigger
@ disp|aced_vertex trigger » Runllb: Silicon Iayer 0, Cal Trigger
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Charged Higgs

"# L]

+ Consider two search modes based on H* decays

Il r fu

saclay

search in top pair sample for decay to H*

D@, L=1.0 fb"
BH — ¢ §)=1

" [ala
— it Brt — H')=0.0

— LBrl = HE)=03

= Tauonic model: H*—1tv (high tanf})
= Leptophobic model: H*—=c§ (low tanp) ]
<+ Search dilepton, /+jets, /+1 top channels
%+ Select high-p; leptons, E5, and b-tag -
<+ 95% CL limits on BR(t—H"b)
« DO 1.0 fb"': PLB 682,278 (2009)
« CDF 2.2fb': PRL 103, 101803 (2009)
_ CDFRunl Preliminary [2.2fb7] - S
S s : L [ Thearstically inaccessibla \1‘ =
N D Rt R <t @ o
En.-n:— []esneisme@esnct.
g - [ |oesnoismgoswcL \
'? n_a:_ ....... 0 \\
r%”f \\ 108
: .ﬁ&%\ m.~max scenario
N o e
e [T -t

M )[GeVie]

M, [GeV]

= 1L Br{i —» HE)=0.6
background

lefets 11ag l+jets 21ag  dllepton seleplon 2'
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Search for H* — WTA(— t7) @ CDF

Data sample : 2.7 b~ of analyzed data in the { +ets+low pr track final state

Analysis overview : CP-odd neutral
i Higgs
H 1 . - - I'.' Ty < 1,1.'%
@ Look at SM deviation in ¢ events o

. . N 5™ top G
@ T's very softs : easily lost in usual tf decay

@ look at highest low pr track (pr < 20 GeV)
e

S Wboson

Challenging : modeling of M] with heavy
flavour and MB (“Underlying Event”)

First look at this
® Bkg modeling validation : 07_,;y measurement  phase space region ! J

- ':'”"""F"'"”““E“"“ ~ry  FEewes B #5% EL Exclusion for 1—H bW Ab
3 I |=il 11 ¥
GOF R | Prolainey, Led M _|_ Dada : “ BR{A %=1 | Duta I aal :;ﬂrﬂ:-:li e d T e Fapuied . Obsereed
T BR W A1 (R bt 7 Obssred

[ 2y edets

1 - Bignad, m{H |80 miA =8 GaVic” o
[ | Top and Dibosan | -

a7 kBt — Fipddied & {Hbapresd

1 EM Boson Doughier Tracks IJ.I-'I"- kGt = Expuecied B Otssnesd
[ Underiying Event L ash Y N
4 [ B oo e ' -
: 04+
. i
n COF Ren 8 Prefiminary, Lad. 7" aal & ——— '
&

1 [ - ¥
0.1} .
COF Rur B Prelimirary, Lad 71
T T =i —— L b il
Lasd 'r.-:h rn.'n.lm 1 LR L 80 0 110 13 130 14D 150 1ED
Fr -?'“t"! m"} H' mass [Gevic’)
Komam Madar (Frelburg Umversitat) Higgs Hunting 2012 Lo T
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Search for H++ @ DO New : published in PRL!

Phys. Rev. Lett. 108, 021801 (2012)
Motivations : doubly charged Higgs are predicted by :

@ models with larger gauge symmetry, like SU(3). @ SU(3); @ U(1)y.
@ Seesaw mechanism giving mass to neutrinos (with Higgs triplets).

Data sample: 7.3 b of analyzed data with at least 1 muon and at least 2 T

Analysis overview :
@ Production of doubly charged Higgs: g — H™"H ™~
® Decay:H™" — 17, ut, upt (given by m, hierarchy),
@ Splitting events according T and mulhphutv

— 1”
R e B R A : o —
3 4rmoeLston' 2T+LY U mooLron 240 | S g onesied
k. — Data L — Data .|:.r 80 1ar Elpﬁﬂﬂd
? — B _=1 B- — B = $ 70 Theory uncertainty
a ¥ _EI'::Q_F;“ _:"_:; o - &0 Exciuded ([n)
E M=i20Gev B [ Meumcew & I Excluded (LEP)
2 -gﬂ_l_ﬂ'" | B Diboson © !
o 14 I ¥
- I a- [ [ ::u %
B (dher [ ] mhtl' m ".I i
' n=o 2 a]=-Qiz] ¥ N
Tl]= [ =- “ PR
QI | 1] "._I_ Bn=B =0
50 100 250 0 780 180 18
T m; 200 25 100 120 140 160 180 200 220
H{- 1,] [GeV] M (z.r) [GeV] M{H") (GeV)
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Search for h — aa @ DO
Phys. Rev. Lett. 103, 061801

Data sample : 4.2 fb~ ! of data analyzed in the ppp aru:l iy + Efinal state.
Analysis overview :

@ aa — uppu : select 2 extreamly colinear muon pairs,

@ aa — uutT:select 1 colinear muon pair 4+ Ep(from colinear 1’s),

@ For one pair : reconstruct only one muon and associate a “companion
track” (due to the muon chamber granularity)

@ Main background : M] with heavy hadrons decaying into muon.

E 2 Data A 8 g/ =Observed limit DO, 4Efb'
~ 1.8 - Background ? - Expected limit
S1.6f — Signals 5
214} £
o CC gL
=1.2 m B
i x
= 5
0.8} T a
0.6f 83
D.4f B o
0.2} L. el e, ;/1-4 times expected mgfl?l
O™ a5 & 10 15 14 1615 20 oLt |
Dimuon mass (CeV) 4 6 B 10 12 14 16 18
M, (GeV)
Romain Madar (Freiburg Universitat) Higgs Hunting 2012
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MSSM Benchmark

@ 2 parameters, (M,, tan(3)) to describe SUSY Higgs sector at Leading Order

@ hbb vertex receive large corrections from sbottom-gluino and stop-higgsino loop

@ Five additional parameters due to radiative correction
- Mg,y (parameterizes squark, gaugino masses)

- X, (related to the trilinear coupling A, — stop mixing)
- M, (gaugino mass term)

- M (Higgs mass parameter)

- M, (cOmes in via loops)

@ Two common benchmarks
@ Max-mixing - Higgs boson mass

m, close to max possible value

for a given tanf

@ No-mixing - vanishing mixing in
stop sector = small mass

for h

Il r fu

saclay
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LHC & Tevatron Compared (I)

Stirling et al

WJS 2010

10 |

MSTW2008NLO

ratios of parton luminosities i
at 7 TeV LHC and Tevatron  J//

[
B

10’ 10°

M, (GeV)

For M, > 140 GeV

gg =2 H cross section at 7 TeV
IS >15 times that at 2 TeV

Irreducible backgrounds (WW,ZZ)
originate from ¢qq process which

rises relative slowly (pp vs pp )

r+
q AW 4 W
7

 ————NNN W W

=]

=> Larger signal, better S/N

3

Nov.2012, B. Tuchming,

GDR Terascale, Higgs results from Tevatron

a D



Il r fu

Historical LooK at Tevatron Higgs Combination <=

saclay

% 40 F tevatron Runll Preliminary ElLLR, +1sd. e
o ) ey [JLLR, +2sd. =
3 30 | SMHiggs, L <10. ---LLR, -
8 =TT =
T 20 —LLA,, 2
5 2012 E
o 10
3
5 2009
.‘H:l
200710120 130 140 150 160 170 180 190 200 '%U“';Emﬁ'?gm' 30140150 160 170 180 190 200
June 2012 Higgs Boson Mass (GeV/c®) my, (GeVY)
P LLR, +I = A bt LLR, TG
j 25 T l-ilunll Peelishingey EL{,RH +2; :]] ME TEk-’uil‘(‘n‘t le [l F'J‘e] 'nmar_-,- - L_I_R:: :!:ld
2[_] Lﬂﬁ.ﬁl'h — LLRh I2:_ it : ..: - N
[y = 5
2011 E?
(]
4
2

2008

100 110 120 130 140 150 160 170 180 190 200 1 1{3' S jqc'.' T30 o0 0 T80 o0 300
July 17, 2011 my, (GeVic') my; (GeVic?)
E - L_;[__Rh i:] o Tevatron Kunll Preliminary § I Tevatron Ron 11 Prefiminary LLR, X2 a
LR, - s LLR,

- 3'" L{an B . e f - E— 6 - ! B ".LLREJ-CE
: _LLRD(H

2010
2007

100 110 120130 140 150 160 170 180 190 300 8T T VR e T~V I I - I -V T
July 19, 2010 my, (V) my (GeVic’)
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Tevatron Runll, L <97 fb"

Ty, BUD _I LI |I LI | L | LI LI | LI II LI B L UL LI rri I_
2 [ —— Measured  ----- Expected for m =125 GeVic? i
IE I Assuming best fit rate at m;=125 GeWic" ]
S 500 [ BE #1sd ... Expected for m =125GeVicd -
:E i |:| I sd. Assuming 5M rate -
"q:-' -
@ 400 - B Predicted -
= i
= ]
e 300 —
-I--E ]
£ 200 -

100 e 20 A .

PP PP Y IO IPEPI I IR e
E!IDD 105 110 115 120 125 130 135 140 145 150

m,, (GeVic?)

(oww +0zm) x B(H — bb) = 0.2310-20 (stat + syst) pb

SM Higgs @ 125 GeV: 0.12 + 0.01 ph
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Modeling improvements

= Rapidity dependent photon energy sc:
= O,, epoch dependent correction

Sensitivity improvements
= Revertexing with CPS pointing

= Split into categories

= (NN<0.75, NN>0.75)x
(in mass window, out mass window)

Gain at the level of ~25% @125 GeV

H—-ovyy

95% C.L. limit/SM

@ preliminary, 9.7 fb’

40 —Observed
a5 - Expected
30 [Expected + 1 s.d.

25 [JExpected + 2 s.d.

BV

CDF Run Il Preliminary

SM=1

= 10°F
w
=
=
T
z
Q10
X
b b=
- —— CDF limit (10 fb™)
Expected limit
- [ 1 sigma region
2 sigma region
1F
r . .. .11,
100 110 120

0 0150
m,, (GeV/c?)

Nov.2012, B. Tuchming,

GDR Terascale, Higgs results from Tevatron

I r f u

saclay

DS


mailto:~25%25@125

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

