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Higgs @ Tevatron

pp collisions at /s = 1.96 TeV
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— Gluon fusion — bb at low mp
— Associated production — WW at high mpy
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D® & CDF

— pp collisions at y/s = 1.96 TeV

— [ Ldt > 10 fb~! recorded / experiment
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Higgs @ Tevatron Search History

— Ten years of data & analysis

_ CDF Sensitivity vs Time
— Analyses improvements:

% T T ommerzo0h | — i 2008
« Better trigger, lepton-ID £ — Sy = S
x Better b-tagging £ 10 T e meuscevt
x Multiple topologies o
x Multiple Higgs signatures
x MVA techniques 1

— Validation of techniques with o246 & 10 12’ 14
expected signals

= Sensitivity increase better than 4/ [ Ldt
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Higgs at Low Mass: WH/ZH, H — bb

q H
W/Z
q W /Z
— W — fv: one lepton+H7 / — L¢: two leptons

L —vv: By
— H — bb: at least two jets, at least one b-tag

— Background sources:

+ W/Z with additional jets (including Wbb, Zbb)
* tt, single top

+ Di-boson (WW, WZ, Z7)

+ Multi-jet production with mis-ID of lepton / Ey
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ZH — vuvbb (CDF)

o x Br(pp — ZH — vvbb) ~ ¢ x Br(pp — WH — e/puvbb

— Include WH — ¢vbb
— Two or three jets, include 7

— Three b-tag categories

— HOBITT b-tagging —
14% better sensitivity

— MVA techniques
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ZH — vvbb (CDF,DQ)

CDF, [ Ldt =9.5fb"

D@, [ Ldt=9.5fb"

B _— =) = -
5 - stee?t/:; % - — Observed Limit D@ 9.5 fb1
g - + 1 s.d. expected T | _ EXpeC:eg I:LiTit g
5 - xpected *1 s.d.
:% L [ £ 2s.d. expected ?(i Expected + 2 5.d.
3 T % E
X B N C 7
2 [ z f ]
I T .
o
_____ o
P B 1f E
AN E L. NIRRT el ]
- Ty e .1:|%0. Ly .1210. Ly '1éo' .= 100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?) My (GeV)
limit/SM 3.1 (3.3 exp.) limit/SM 4.3 (3.9 exp.)
O my = 125 GeV O my = 125 GeV
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WH — ¢vbb (CDF)

— Include “isolated track” as lepton candidate
— HOBIT b-tagging:

x Two jets: TT, TL, T, LL, L tags
x Three jets: TT, TL tags

— MVA techniques

90 . 70 .
2 F 2 jets, TT+TL 2 3 jets, TT+TL
= F J =E J
O {0F D) n
2 = ——Data (1459 events) | > 60|~ — Data (1493 events)
= T0F [ Diboson (5%) = “ - [ Diboson (2%)
_ag 60~ []Top (34%) _“E - [7] Top (70%)
g soF [] Wbb (34%) g 40f- [ Whb (13%)
Z [Wiztets@0%) |z F [] WiZ+jets (10%)
WE [ ] Multijets (7%) 30 [ Multijets (5%)
30 — WHx10 20: — WHx100
20E (m= 125 GeV/c?) u (my= 125 GeV/c?)
10E- 1 10~ I
0E . = L:.-____:-_-.,__.'i!h_.;_;_, Se S = = 0 2 - wiY i B =-=, = .5“!»:-‘-:-
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WH — ¢vbb (CDF,DQ@)

—1 —1
D@, [ Ldt =9.7 b CDF [ Ldt =9.51b
g Dg, 9.7 fb -1 LLR. + 2 s.d S 102§ —e— Observed limit
:II ’ -LLRE +1sd 2 [ -meeeeees Median expected
6 woLLR g - Median expected +1G
4 v LLR ¢ g : I Median expected £26
—LLR g sE
2 N
0 - :
_2 ““““ P A
V(- Iv)+2, 3 jets with 1 tight+2 b-tags . '
g ) R M RS e - Standard model
90 100 110 120 130 140 150 _H9|0|Hi(l)(;lHlll(;llllzl()lllll3|0”|iéll()llIiS|OH
MH (GeV) Higgs mass [GeV/c?]
limit/SM 4.8 (4.7 exp.) limit/SM 4.9 (2.8 exp.)
Q@ my = 125 GeV O my = 125 GeV
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WZ/ZZ with Z — bb (CDF,DQ®)

— Analyses identical to WH/ZH with H — bb

— Train MVA for Z — bb
- o(WZ/ZZ) - Br(Z — bB) ~ 55 x o(WH/ZH) - Br(H — bB)

CDF, [ Ldt =95 fb~* D@, [ Ldt <9.7 fb~!

~ 500
S —+- Data-background £ 400rDg, L, <9.7 b
3 400 | [ SM Wz+2Z signal g -
% 300 7 — =1 s.d. on background L 300:_ —¢— Data - Background
E i C B Measured VZ
3 200 7 + 200:_ +1 s.d. on Background

100 C

0 r
-100
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0O 50 100 150 200 250 300 350 400 .
m; (GeV/c) Dijet mass (GeV)

o(pp = VZ)=26"13pb  o(pp—VZ)=32+14pb
OSM — 44+0.3 pb
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WZ/ZZ with Z — bb (CDF,DQ®)

— Analyses identical to WH/ZH with H — bb

— Train MVA for Z — bb
- o(WZ/ZZ) - Br(Z — bB) ~ 55 x o(WH/ZH) - Br(H — bB)

CDF & D@, [ L£dt <10 fb~*

‘G || Tevatron Run II, L <10fb™
E 800* 1+2 b-Tagged Jets
8
= —4— Data - Bkgd
g vz
@ [ Jzz
Higgs Signal

m,=125 GeV/c®

7\ I I | ‘ I | ‘ I ‘ I L1 ‘ I | ‘ I |
0 50 100 150 200 250 300 350 400
Dijet Mass (GeV/cZ)

o(pp — VZ) = 3.0 £ 0.6(stat) - 0.7(sys) pb
OsM — 4440.3 pb
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H— WW (D@)

o
F!
% 107 [JZ+ets
- H—=WW — lviv g 1 S boson
w10 Multijet
4 Bt
— Background sources: o e SBkg. syst.
] 102 - ==0=
+ Di-boson (WW, WZ, Z7) 10
x tt, DY di-lepton production o
* W + mis-identified jet/~ 107 506 02 02 06 1
0-jet DY-BDT
— Inclusive triggering S 10000,97 % ee + B 2200
4\9 []Z+jets .
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— WW enriched / depleted samples
1
— BDT for final signal identification o
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H — WW (DQ)

o(pp — WW) measurement H—WW search
7)) L R L R R | 0:20 L L L L L |
= D@, 9.7 b, Il + K — D@97+ E
©  400f 1~ | mmllRyt1sd. '
i 400~ —¢— Data - Bkgd : i -LLRBIZS.d.
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300~ —— *1 s.d. on Bkgd 4 10k —- LLF\’:\3/I 195 GeV _
i ] | LLR (Y
B | — LLRggs
2001
100f 0

Too
log 10(s/b) M, (GeV)

1 1 1 I
-3-25-2-15-1-050 05 1 15 100 120

1 1 1 I
140

180 200

limit/SM 4.1 (3.4 exp.)
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o =11.6 £ 0.7(stat & sys) pb
OSsM — 11.34+0.7 pb
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Higgs at Low Mass: Summary

For my = 125 GeV

D@ CDF

| Ldt Iimit (exp.) | [ Ldt I|m|t (exp.)
WH — fvbb | 9.7 8 (47) | 9.5 9 (2.8)
ZH — ¢bb | 9.7 1(5.1) | 95 1(3.9)
ZH — vvbb | 95 3 (3.9) 9.5 1(3.3)
H—-WWT | 97 1(3.4) | 97 0 (3.1)
H— 71 9.7 12 8 (10.4) | 6.0 14 6 (15.3)
H— vy 96 12.8(8.7) | 10.0 17.0(9.9)

= Combine search channels

TCDF / D@ not same final states
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Tevatron Higgs Combination

H%bB,H%WW,H%ZZ,H%TT,Hévv

More than 100 analysis channels

Data, background subtracted Likelihood ratio
250
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L 200 ; Lot C : o
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Excess (> 20) for 115 < my < 140 GeV
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Tevatron Higgs Combination

=
o

- — Observed Tevatron Run I, L, <10 fo

-== Expected w/o Higgs SM Higgs combination
- [l Expected 1 s.d.

[ [ ] Expected = 2 s.d.
== Expected if m =125 GeV/c?

95% C.L. Limit/SM
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m, (GeV/cZ)
Exclude 90 < my < 109 GeV, 149 < my < 182 GeV
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Tevatron Higgs Combination

Higgs cross-section measurement
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3.10 excess
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Higgs @ Tevatron Search History
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Higgs Couplings
— Production & decay: mixture of Hff, HWW, HZZ couplings

= Probe scale factors ks, kw, k7 (Kv)

2
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N [ S
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= Consistent with SM Higgs
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Conclusion

— Higgs-like excess observed around my = 125 GeV, 3.10

— Driven by H — bb and H — WW
— Consistent with SM Higgs
— Complementary to LHC results

— More details:

+ D@ combination: arXiv:1303.0823 (PRD)

+ CDF combination: arXiv:1301.6668 (PRD)

+ Tevatron combination: arXiv:1303.6346 (PRD)

* Tevatron Higgs group: http://tevnphwg.fnal.gov

M.P. Sanders 21 LMU Miinchen






Tevatron Higgs Combination
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Higgs Combination (DQ)
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Higgs Combination (DQ)
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Higgs Combination (CDF)
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Higgs Combination (CDF)
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Higgs Cross-section (CDF,DQ)
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b-Tagging
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