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Abstract: The dominant production mechanism for Standard Model (SM) Higgs boson is g g &’ h. However, in certain beyond the SM scenarios,
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Leptons

@ The only missing piece in the Standard Model - the Higgs boson.

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14/2011
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@ How can we find the Higgs boson?

MIISSING PARTICLE

Name : V/:jjf? Baan<ar

Age: I13.7F Eillion vears
Missing: 45 Veq)rs

Birthday: S&very Fecw auysS wl
Ferrrulad

Favorite trait: Mass
Favorite particle: Zo2 ?aal-a(r’

Favorite Hangout: T avat ron
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@ Electroweak Precision measurements — a light Higgs boson
@ LEP :ete” > Zh (h — bb/7v77)
o Bound : my > 114 GeV
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hson Production at

Hadron Colliders

100

@ Main production modes in SM

“gluon fusion”

W /Z fusion

W /Z associated production
associated production with t

SQCD bg
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> Tggss—oson Decay

@ For small masses
(mp < 2mz) .
o h — bZ),fT T
o h — WW+/zZZ*
o h — ~~ (loop
supressed)

@ For large masses
o h—> WW/ZZ

500 1000
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What does LHC tell us about the Higgs? J

@ LHC : 5 b 1 in 1 year at /s — 7 TeV

S R S M S S S —————

D% ATLAS + CMS Preliminary, \s = 7 TeV | —e— Observed
B L.=10-23 fb:f!expen’ment B Expecied + 1o
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@ What about Higgs production beyond standard model?

@ Is bg — bh even relevant compared to gluon fusion?

Prerit Jaswal (YITP and BNL) SQCD bg » bh
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Motivation for bg —» bh studies

4FNS vs 5FNS

Large tan /3 radiative corrections

SQCD Corrections and A, Approximation

How good is the Ay Approximation?

Prernt Jaswal (YITP and BNL) SQCD bg » bh
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MSSM Higgs Sector J

@ Two Higgs doublets H,, and Hy —

e 2 CP even (h°.HY), 1 CP odd (A°)
o 1 charged Higgs (H ")
e Goldstone bosons (G°. G ")

@ VEVs : (H,) — v, and (Hy) = vy, tan 3 = v,/ vy
@ Two independent parameters : m4 and tan 3 (at tree level)

o examples : mj , = 5 [mﬁ + m% F \/(m:ﬁ + m?%) — 4m?% m? cos? 2;3’]
o « diagonalizes the Higgs mass matrix

n mn
cos 2cv — — cos 2/3 ('?‘3—'%)
H h

@ Decoupling limit : ma = mz

L

e /4 — v —
o Significance of Decoupling limit?

Prerit Jaswal (YITP and BNL) SQCD bg » bh
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MSSM Higgs Couplings to Fermions

Couplings w.r.t SM Decoupling limit
h°bb sin «v/ cos /3 1
RPEt cos v /sin /3 1
H°bb cos v/ cos /3 tan 3
H°tt sin o/ sin 3 1/tan 3
ACh b s tan 3 ~s tan 3
ATt ~s cot ;3 s cot /3

@ Decoupling limit :
(also true for couplings with gauge bosons)

h° couplings in MSSM same as that of SM at tree level

o Production cross-sections same as that in SM
o Same channels as SM : gluon fusion, vector boson fusion, associated

production

@ For ma == my and large tan /7 |

Prerit Jaswal (YITP and BNL) SQCD bg » bh

same conclusions hold (at tree level).
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@ Current status of MSSM parameter space

CMS Preliminary 2011 1.1 fb’'

@ LEP exclusion : small
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@ Decoupling limit / moderately heavy A and tan /3 == 7 good parameter
space to study.
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@ Assuming the allowed parameter space (Decoupling limit or
moderately heavy A and tan 3 = 7), it seems the MSSM lightest CP
even Higgs production should be identical to SM.

@ Then why (and under what conditions) is production of Higgs in
association with bottom quarks important?

@ For large tan /3, the bottom Yukawa gets significantly modified.

o At tree level, it is SM like
o Radiative corrections can cause Yukawa to rescale by a factor of ~ 3.

@ For ma = 200 GeV and tan 3 = 7, the dominant Higgs production
mode is in association with bottom quark.

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 13 / 28
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@ Higgs production in association with bottom quarks

@ bbh final state measurements :

o Exclusive bbh production : Both b tagged (high ps)
o Semi-inclusive : At least one b tagged
o Inclusive : No b tagged

@ Inclusive modes —» Larger Cross-section but also large backgrounds.

= b tagging reduces background
— Semi-inclusive mode : a good compromise

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 14 / 28
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AFNS (4-parton Flavour Number Scheme)

@ Initial state quarks : Four lightest flavours g oo

@ Advantage

e Only way to calculate exclusive bbh
production (both b tagged) g T

@ Drawback :

e In inclusive bbh production, large collinear .2
logs Np In (,,—’5,;)

o "Fixed order’” perturbation theory (No
resummation)

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 15 / 28
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4FNS

Prerit Jaswal (YITP and BNL)
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@ 4FNS and 5FNS do not match at LO but must match if calculated to
all orders.

e S
- === 4FS gg—bbH (NLO)

10 PR yFS bb H (NNLO

matched

L B R
L 2 21111

10

T

L

vs =7 TeV

uncertainty band for 0 o*\a, (fh)

L u=(2my+my) /4

MSTW2008
l"l"'l‘ PR U S S | - PO PR ST S R T S Ad i 4
100 150 21 250 300 350 400 450 500
m,, (GeV)
R. Harlander, M. Kramer, and M. Schumacher,
https://tvakicern.ch/tvaki /pub/LHCPhysics /MSSMNeutral fsantandermatching-h ks, pdf
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T Eadiative Corrections

Effective Lagrangian Approach

E(.ff — —/\bBR |:Hd _'_

@ Second term not allowed at tree

level in MSSM.

@ Effective theory : Integrate out

heavy degrees of freedom (&, b)

@ Loop corrections enhanced since
Vu — Vd tan 'a'.j
SQCD bg

Pirsa: 11120056

» bh

SorHL| Qu

my — )\bvd -+ A/\bvu

AN
= ApVd (1 . b tan ,')’)
Ab
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Effective Yukawa Coupling

@ mp —> ApVvy (1 —+ Ab)

. (xg /
At one-loop, Ay, x Z*ptan 3/ Msysy

@ For ju ~ Msysy, Iarge tan 3

@ Perturbation in av¢ tan /3, must resum

@ Resummation easy since no loop
contribution to o tan” 3 for n = 2 !l

Prerit Jaswal (YITP and BNL) SQCD bg » bh
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@ Final result : Bare b quark mass in effective Lagrangian approach

my
Mp = axa,)’
@ effective Yukawa coupling :
/\b — vd(l—i—Ab) (1 tan o tan '3) where

Ap = % Mgptan 3 F(My . My . Mg)

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 21 / 28
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@ Complete SQCD one-loop corrections to bg —» bh computed in

[S. Dawson and C. Jackson, Phys. Rev. D77, 015019 (2008)] ,
[S. Dawson, C. Jackson and PJ, Phys. Rev. D77, 015019 Phys.Rev. D83 (2011) 115007]

@ SUSY QCD = Diagrams involving gluinos and sbottoms

), ) g "
-

Self-Energy diagrams

hbb Vertex diagrams

gbb Vertex diagranms

Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 22 / 28
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Box diagrans

..... and counterterms

@ For cross-section calculations, consider ® Sq“?rk mass matrix :
two cases : As2 ( my mpXp )
b mbxb Mg

e Maximal mixing case : Xp = Ap —ptan o

~2 2 e . . L - - )
|m; — myg,| << mp|Xp| = 0 ~ 3 @ Mixing angle :
o Minimal mixing case - g (A 4 —ta tam B)
2 2 S a, . ) sin 216/ o - 4
|m; — mg| = mp|Xp| = 05 ~ 0 b My =M
SQCD by —» bh 10/14/2011 23 /28
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7 TeV LHC. bg—bh

tan 3=40. u .'\.I.I 1TeN .".|_‘ “J'-"i.l....- 1,

\ :
— ANaximal Mixing

- Nlinimal Mixing

@ Maximal mixing case :
mer = my = Ms

@ Minimal mixing case :
mpr = V2M, = \/2ms

1 UN) 120010 1 4(x) 1 GIN) 1800 ZUN)
‘!.“‘_ (GerV)

@ How much of the SQCD corrections accounted by Ay approximation?

M) RiW)

10/14 /2011 24 /28
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@ A, Approximation : Calculate SM cross-section but with rescaled
Yukawa coupling

gf:f,f,SM ~ sina 1 1 VAW
gimt cos3 \1+ 4, tan /Ftana

@ Includes only resummed large tan 3 effects.

Msrsy =1 ToV, My=1 TeV, Ay = A =2 TeV, and g = Mz =200 GeV
tan . ¢ o
V0 [GoeN 100 110 1220) 1230
racd ~1.5063 -1 4716 -1.379% -0, T1M)
grior fayy 33,913 33.823 33,387 22,30

SO RN 00645 0.0091 01899 07503

S. Dawson, C.B. Jackson, L. Reina, D. Wackeroth, Mod.Phys.Lett. A21 (2006) 89-110
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@ A, Approximation in the context of bg — bh :
Mssm \ 2
o = (5bbh )
MSSM TSMm SIA = TIBA
bbh

7TeNV LHC, bg—bh

ey (=40 pu= 1000 oo NN =500 GoNopy, =700 Ge\

.....

@ IBA works very well !!
@ Other SQCD

e ko _ corrections < 2 %
{ — - - _ . —
0
TN Hiw) a0 L) 1100
Prerit Jaswal (YITP and BNL) SQCD bg —+ bh 10/14 /2011 26 / 28
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—~p5—7—ppro~mhation : Why it works?

[S. Dawson, C. Jackson and PJ, Phys. Rev. D77, 015019 Phys.Rev. D83 (2011) 115007]

@ Analytically compute the SQCD Corrections for two extreme cases :
maximal and minimal mixing

Maximal mixing : ]m~f — n:;,%l < mp|Xp| = 0 ~ 3

Expand the amplitudes in power of 1/Mgs assuming large tan /3 so that

the terms like mptan 3 ~ O(Mgw/ ).

Ix

@ First term : IBA :
@ Other terms are O( Mz, /Mz2)

R M"ﬂ .."Ms
Prerit Jaiswal (YITP and BNL) SQCD bg » bh 10/14 /2011 27 / 28
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corrections resummed.

approximation works.

Prerit Jaswal (YITP and BNL)
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@ SUSY QCD corrections are dominated by this rescaling : Ay

10/14 /2011

@ Higgs production in association with b quark an important mode for
large parameter space in MSSM

@ SUSY QCD corrections to bg —» bh can be big for large tan /3.
@ Bottom Yukawa coupling scales by a larg factor when large tan 3
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